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FOREWORD

The assembling of a volume of detailed data reports on the August 1972 solar-terrestrial events
has come about because of recommendations by the ICSU Special Committee on Solar-Terrestrial Physics
(SCOSTP), the International Union of Radio Science and numerous leaders in the international complex
of scientific organizations. A circular Tetter from World Data Center A to the largest available
Tist of observers resulted in the about 150 contributions collected in this special WDC-A data report.

The August 1972 events were a self-declared retrospective interval (confirmed by the SCOSTP) for
intensive research and study, and the subject of a number of national and international symposia in
the succeeding year. While a number of prompt data reports (see below) have appeared, the present
volume is a channel for detailed data reports and brief discussion by individual observers. These
data reports should facilitate multi-station or interdisciplinary interpretation of the complex
phenomena and make more efficient the future scientific symposia on their physical explanation,
notably the 1973 IAGA symposium at Kyoto.

The data reports in this volume have been given a minimum of editing, and where there has been
editing there has not been time to check back with the authors and still have the volume distributed
in a timely fashion. It is hoped that not too many substantive errors have thus crept in, but the
compilers had no alternative.

The data reports are grouped under seven major headings, but many reports cover several of the
major disciplines of solar-terrestrial physics. The index may help identify where data in one
discipline are reported in a data report primarily concerned with another discipline.

Brief summaries of each major discipline appear at the front of the volume. These were written
on short notice by members of the MONSEE Steering Committee of the ICSU Special Committee on Solar-
Terrestrial Physics, each for his specialty. The time schedule was such that not all reports were
available at the time the summaries were written, although most titles were available. The writers
were asked to provide summaries or "overviews" and specifically not to attempt critical review
articles. The summary articles may, however, serve as a guide to the detailed data reports; they
attempt to meet a justified criticism of earlier detailed data reports on cosmic events compiled by
WDC-A.

At the very beginning is a summary of the discipline summaries. While Dr. J. Roederer agreed to
prepare this section, not enough material was available before he had to be absent on pressing matters
and the overall summary was completed by the undersigned who should therefore take all responsibility.

Attention should be called to other data compilations on the August 1972 events. Many basic
data and indices appear in UAG-21 issued by WDC-A in November 1972. That report includes the
systematic data tables* and solar maps which appear in "Solar-Geophysical Data" and other data
periodicals; these data are not repeated in this volume, but in Appendix 1 is reprinted the table of
contents and the introduction for UAG-21. Appendix I also includes selected additional data (primary
and analyzed) which have been received at WDC-A, as well as Tists of detailed and special datalheld at
WDC-A and elsewhere. Much data obtained in Japan in all solar-terrestrial disciplines appear in ‘
"Report of Ionospheric and Space Research in Japan", 26, 1972. In addition, much data and discussions
have already appeared in standard journals or have been presented at scientific meetings and symposia.
Appendix II 1ists many of these and should identify the many additional scientists who are actively
interested in understanding the August 1972 phenomena and events.

The huge job of preparing these data reports for publication has been mainly borne by
Helen E. Coffey, but with editing and checking assistance from most of the staff of the U.S.
National Geophysical and Solar-Terrestrial Data Center, notably J. V. Lincoln, N. Smith, J. H. Allen,
J. N. Barfield, K. Kawasaki, S. M. Ostrow, and D. B. Bucknam. The contribution of many typists and
draftsmen can easily be appreciated and that of the printing operation of the U.S. National Climatic
Center. The whole undertaking has been done in less than three months.

A. H. Shapley
Chairman, MONSEE Steering Committee
ICSU Special Committee on Solar-Terrestrial Physics

Director, National Geophysical and Solar-Terrestrial Data Center
Environmental Data Service
U.S. National Oceanic and Atmospheric Administration

*There is an erratum in the table of Geomagnetic Activity Indices on page 118 of UAG-21: for
August 1 the Kp sum should be 17 rather than 70
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1. SUMMARIES OF AUGUST 1972 EVENTS

Overall Summary of August 1972 Phenomena and Data

by

J. Roederer* and A. H. Shapley**
Special Committee on Solar-Terrestrial Physics, ICSU

The solar-terrestrial events of August 1972 have aroused great interest for many reasons. The
solar activity was exceptional for the declining stage of the solar cycle; the principal solar region
was in the highest activity class on an absolute scale; two flares reached outstanding level of
importance (3B), one of which was definitely a proton flare; two other flares were classed as
importance 2B, seven as importance 1 and some 50 as subflares; the proton flux in the interplanetary
medium was the highest on record; ground-based neutron monitors recorded twn major flare-associated
increases and a major Forbush decrease; the geomagnetic storm of August 4-6 was a great one and that
of August 9 was the third largest of the year; the accompanying ionospheric and auroral phenomena
were correspondingly severe and complex, with at least two "polar cap absorption" events. The dis-
ruptions to telecommunications and the effects on other systems by solar-terrestrial distur-
bances were the most severe in a decade.

Further, the phenomena were quite thoroughly cbserved by ground and spacecraft sensors. These
were the largest events since many of the newer instruments were in operation and, thus, the first
opportunity to apply powerful new techniques to the study of large magnitude events.

Optical Solar Observations. The principal region, McMath 11976, was outstanding in solar cycle
20 because of the compliexity of its magnetic field and its high flare productivity for the declining
phase of the cycle. The region was unusually well observed and much gquantitative data are available
on the evolution of the photospheric and chromospheric structure, the magnetic field and 1imb
features. The magnetic field data showed large gradients after the August 4 flare. Spectral data
are available in many Tines on individual features. The forecasts of the X-ray events on August 2
and the proton flare of August 4 were successful but not that of the proton flare of August 7.

Solar Radio Observations. The solar radio data are very complete for the August 1972 period
and provide relevant data both on the evolution of the active region and the time histories of the
four principal flares throughout the radio wave-length range. In particular there were observations
of a peculiar feature of polarization distribution across the active region favorable to the
occurrence of a proton flare. The absence of Type II bursts in the meter wave range, except for the
August 7 burst, was a feature of the flares and bursts of the period.

Space Observations. The August 1972 events have been observed quite extensively by spacecraft,
balloons, Tunar-based instruments, and rockets. Detailed information on X-ray, y-ray and energetic
charged particle emissions is available in this document. Unfortunately many in situ solar wind
and interplanetary magnetic field observations are not included here; however, from radio scintilla-
tion studies and data from Pioneer 9, it is clear that several interplanetary shocks were present,
and that extremely large values of solar wind speed occurred on several occasions. A good data
coverage is available on X-ray fluxes in the energy region of 0.6-300 kev, thus allowing the observa-
tion of both the thermal emission from hot solar plasma and the bremsstrahlung fro@ non-thermal
electrons. There were 12 events in which X-ray energy fluxes exceeded 10~ erg/cm“ sec in the
0.6-1.5 kev range. +y-ray line emission obserXEtions T%low for the first time to establish that
positrons, deuterium, and excited states of C'¢ and 0'° are produced by nuclear reactions between
solar-flare-accelerated baryons and the solar atmosphere. Finally, a good data coverage is also
available on energetic solar protons detected in space. A1l observations display a rather complex
structure, related to multiple injections by various flares. There is also information on bow-shock-
and interplanetary-shock-accelerated particles.

Cosmic Rays. The unusual features of the August 1972 solar-terrestrial conditions are confirmed
in the cosmic ray observations, indicative of solar particle activity and of conditions in the
interplanetary medium. Two ground-Tevel increases measure the former and three Forbush decreases
indicate the latter. These are all in suitable time association with the major solar flares, but
the phenomena overlap in time, making interpretation of single-station data difficult, especially
during August 3-5. The ground-Tevel event on August 7 and the Forbush decrease beginning on
August 9 are almost classical, though unusual for this stage of the solar cycle.

* University of Denver, Denver, Colorado U.S.A.
** Environmental Data Service, NOAA, Boulder, Colorado U.S.A.
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Tonospheric Observations. During the August 1972 solar-terrestrial events, a number of identi-
fiable effects upon the ionization of the entire ionosphere have been detected. There appeared to be
two periods of storminess, separated by a short, partial recovery period. The ionization in the
F-region showed the typical depressed foF2 during and after the storm periods; the D-region ionization
responded to the SID events by producing numerous SWF's, SPA's, and also a continued background of
enhanced wave absorption for MF and HF waves. The total electron content of the ionosphere did not
change dramatically at mid-latitudes, but showed peaks at certain times at high geomagnetic Tatitude.
Absorption measurements by the A3 method clearly showed the SWF's as well as the persistent night-
time absorption indicating continued enhanced D-region ionization. HF Doppler observations indicate
storm effects on upper atmosphere and jonosphere motions. VLF observations are available, indicating
disturbances generally distributed throughout the whole period; whistlers were observed at unexpected
times during the day beginning on August 4 and persisted over most of the disturbed period.

Geomagnetic Observations. A considerable volume of geomagnetic data is available, including
magnetograms from selected stations, Kp, Ap, Cp, AE and Dst indices. 1lists of sudden commencements
and solar flare effects. From these data it appears that there have been two main storms, starting
on August 4 and 9, respectively; each storm began with two successive sudden commencements. Detailed
analyses of these storms, the prestorm perturbations and their correlation with the interplanetary
field, the relation between substorms and "mother" storms, etc., are presented in this document. A
number of papers concentrate on magnetic pulsations of various types.

Aeronomy and Miscellaneous. Visual aurora was reported from many Tow latitude places during
the August 4-6 geomagnetic storm. The data are certainly not complete, but the lowest geomagnetic
latitudes reported are in Colorado in the Western Hemisphere and Ondrejov in the Eastern. Radar
observations are reported from both hemispheres as well as scattered airglow data. Satellite drag
measurements show major increases in atmospheric density at 300 to 900 km altitude for both the
August 4-6 and the August 9-10 geomagnetically disturbed periods. A significant jump in the length
of the day is linked to the August 2 flare. Electric field and other terrestrial phenomena are also
reported.
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Optical Solar QObservations Around the August 1972 Events

by
F. W. Jager
Heinrich-Herz Institut
Potsdam, GDR

General activity of the August 1972 region:

The duration of the whole perturbation in the principal region was seven rotations. The August
events were outstanding in solar cycle 20 because of the complexity of its magnetic fields and the
frequency of occurrence of great flares; the region, comparable to two other regions in the eariier
years of this cycle, is located in a position on the sun that was relatively quiet until late in
cycle 20.

Forecast of the August 1972 events:

A retrospective discussion of the IUWDS forecast shows: the X-ray events on August 2 and the
proton flare on August 4 were correctly forecasted by several stations; however, the proton flare on
August 7 was not forecasted at all.

Photospheric structure:

August 7: Changes in structure around the location of the August 7 white 1light flare have been
derived from several hundred photographs; especially remarkable are the formation of light bridges and
the disintegration of sunspot umbrae. Proper motions of the individual umbrae within the Targe
penumbra, observed by different workers from August 5-10 and from July 30 to August 10, were severely
distorted by the flare and show characteristic relationships to the shape of penumbrae filaments.

Chromospheric structure:

August 2: Ho-filtergrams, some in different parts of the line, show a large two-ribbon flare
appearing on both sides of a stable filament, one ribbon crossing an umbra.

August 4: High resolution Ha-filtergrams taken repeatedly in discrete positions of the pass-band
enable the studying of short-time changes and Doppler velocities of fine structure elements within the
large proton flare. In the emission phase quasiperiodical fluctuations of the Doppler velocity up to
25 km/sec can be seen; in the eruption phase Doppler shifts to the red corresponding to more than
200 km/sec were observed in connection with arch filaments. From other Ho-filtergrams the velocity of
the expansion of the flare ribbons was estimated to be about 25 km/sec.

August 4, 7, 11: Comparison between the three main flares indicates that the flares can be
regarded as homologous.

August 5-13: The overall development of the active region can be seen from daily filtergrams in
Ho and K.

Chromospheric lines:

August 2: Line spectra taken in five spectral ranges between 3850 and 6640 & on August 1, 2, 4
show a remarkable Tine doubling in Ho and K Tines above sunspots, dark ejections with redshifts
corresponding up to 200 km/sec, and in some places emissions also in He and H, 1ines. Non-thermal
motions of the matter in the flare were studied by time sequence spectra of 1ines of Fe II, Mg I and
Na I.

August 4: Investigations are reported of line contours of Ha, HBR, He; H, K; Dy, D, D,.
One of the main results is that near the centers of Ha and H8,discrete emissions oclur ﬁavi%g Doppler
velocities of +40 km/sec. Also the Doppler velocities of dark matter in these lines and in the He
03 amount to 100 km/sec and 40 km/sec respectively.

August 7: For the He D, Tine of the umbra and the penumbra of the main spot the optical depth,
Doppler width, kinetic tempe%ature, source function, population of levels, and electron density have
been derived.
Limb features:

August 11: From Ho records of a 1imb flare, an ejection of matter with a vertical speed increas-
ing from 165 to 745 km/sec was calculated; in the post flare loops, which also were a source of inten-
sive X-ray emission, an unusually high intensity of the yellow corona line (» 5694 &) was observed.
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July 26 - August 14: Spectra of 19 prominences containing numerous lines in the region 3000-4400
were used to study the Timb passage of all active regions, including the principal one responsible
for the August events.

Magnetic fields:

August 3 - 9: Magnetic spectroheliograms in the line Fe I A 6103 R show the Tongitudinal field
structure with a typical resolution of 3 arc-seconds; the large sunspot group seems to be an isolated
system having no remarkable interaction with the surrounding network.

August 4: From isogauss maps in the Tines Fe I A 5233 B, Mg I A 5173 B, and H, it could be con-
cluded that the flare produced no alteration of the magnetic field structure. Photographic magnetic
field measurements indicate after the break of the central umbra of N polarity very large magnetic
gradients of 0.4-1.0 gauss/km. :

Long-time and large-scale magnetic field pattern: As was derived from the daily Mt. Wilson
magnetic maps, the complex active region in question came into being by the merging of two regions
which were still separated two rotations before the event; it suffered a fast disintegration just
after the rotation in which the proton flare occurred. Calculations of the coronal magnetic fields
were performed on the basis of Tongitudinal photospheric field measurements.

Solar Radio Observations in August 1972

by

H. Tanaka
Nagoya University
Toyokawa, Japan

In the Tate declining phase of the 20th solar cycle, an active region, McMath 11976, displayed
prominent activity from July 28 to August 13, 1972. From the radio-astronomical viewpoint, this
active region was associated with strong S-component during the course of its passage across the
solar disk and produced four major radio bursts on August 2, 2, 4, and 7.

General overview of the activity is conveniently summarized in the Solar Activity Chart and its
attached Table prepared at WDC-C2, Toyokawa; the format is that being considered by IAU Subcommission
10a and is explained in Appendix III of this data report. Evolution of the S-component is described
and illustrated in the data reports from Ottawa and Toyokawa, in which is shown a peculiar feature
of polarization distribution across the active region favorable for the occurrence of a proton flare.
Time histories of four major bursts are displayed and explained in the data reports from Manila,
Berlin, Ottawa and Toyokawa for microwaves, and Weissenau, Hiraiso and Berlin for meter waves. For
radio bursts on August 11 and 12, interesting results of meter-wave spectral and interferometric
observations are obtajned at Weissenau and Boulder.

A preliminary interdisciplinary analysis has already been undertaken at AFCRL for the August 7
burst in which the association of the white 1ight flare with the hardness of the spectrum has been
noted. In the report from Berlin, it has been noticed that except for the August 7 burst all other
events were not associated with Type II burst in the meter wave range, while the first major event
of August 2 was reportedly accompanied by a strong interplanetary shock front observed by Pioneer X.

Finally, it has to be noted that there are some discrepancies among the reported maximum fluxes

at microwave frequencies, particularly for the event on August 4. It-is hoped that this problem will
be solved by a future study of establishing better calibration of burst intensity.

Summary of Space Observations

by

James I. Vette
U.S. National Space Science Data Center, NASA
Greenbelt, Maryland U.S.A.

The spectacular events which were produced from the flares generated in McMath region 11976 during
early August have been observed quite extensively by spacecraft, balloons, lunar-based instruments,
and rockets. The series of papers which follow here for Space Observations describe in detail the
X-ray and y-ray emissions generated near the solar surface and the energetic electrons, protons, and
alpha particles accelerated there and propagated to the vicinity of the earth.
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SOLAR ACTIVITY TABLE
(for detailed explanations see Appendix I11)
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0300 0825 2 2 IS,CONT CULG,NEIS :
0312 0315 1 v CcuLe
0326 0722 2 ITIS,U  [CULG
0326 0450 1 UNCLF CULG
2 {1045 1047 1045 2 30 2 65 6 S Pg GORK,OTTA, SGMR,BERL ,SLOU {45487 0205 |S12 W42 111970 N
. ] - CANR,CRIM
2 11838 1849 1840 11 610 190 960 I S P5U15/37 ISLOU,0TTA,SGMR, CANR, HUAN [45491 0206 |N14 E26 11976 18
1839 1843 (at 37GHz) | 2 IV HARV |BOUL , PENN
2 {1959 2320 2148 201 {9700 38000 C P4 OTTA,TYKW,SGMR,BOUL 45492 0207 [N13 E27 11976 28
2144 9300 32000 2.5\35 [SGMR,TYKW,HUAN
2320 030012320 220 97 880 P.I1.
1959 2003 “(3rd) 2 2 111G HARV
2021 2100 1 3 3 ITIS HARV,CULG
2021 0728-‘_ 3 3 3 IVorCONT {HARV,SGMR,BOUL,CULG
2243 2339 “(3rd) 1.2 I1T1GG HARV,CULG
3 {1502 1507 1504 5 66 12 185 63 S Pg SGMR,QTTA,CANR,PENN,BERL [45503 0301 {S12 W57 [11970| 1N
1503 1505 2 111GG HARV ISLOU, BOUL ,HUAN
3 {2203 2253 2214 50 20 25 48 63 c 1.5/9 TYKW,OTTA,PENN,HUAN No Flare Patrol
2241 2243 3 2 2 I111GG HARV
4 10525 0537 0528 12 62 34 c 1.5/4 TYKW,MANI,GORK,CRON,CRIM [45508 0401 [N15 E09 111976 | -N
0537 0607 30 20 57 P.I. )
4 10607 0619 12 30 P.R.
0619 0715 0636 56 7600 11000 [25000 C P20 SLOW,TYKW,MANI ,CRON,GORK [45509 0402 [N14 E08 1119761 2B
0715 0920 125D 65 380 P.I, {IRKU
0706 0713 0707 7 110 32 145 59 S 2\9.5 TYKH .
0717 0739 0719 22 1800 290 C P4 TYKW,GORK
0743 0803 0753 20 105 90 € 3\9.5 TYKW,GORK
0805 0826 0810 21 95 63 580 230 c N9.5 TYKW
0834 0847 0840 13 50 26 220 200 S N9.5 TYKK E
0605 0606 1 1116 CULG
0610 0714 1 3 IT1GG CULG,WEIS
0621 1245 3 3 IVorCONT [WEIS,CULG
0622 1156 3 IIIGG WEIS,CULG
4 11307 1348 1318 41 9 16 32 S T\U3/5 [PENN,SGMR,BORD,CANR 45512 0403 INT3 WO {11976| -N
1313 1330 (at 16Hz) 3 2 111GG,DP [WEIS,HARY
1315 1338 3 3 Ivp HARV
4 {1513 1518 1514 5 35 6 36 1 € P4 SGMR,0TTA,BOUL ,BERL ,PENN 145513 NI3 W01 111976 {--H
. |1514 1518 3 3 3 I11GG,DP [WEIS,HARV {CANR
5 |0231 0243 0233 12 26 7 35 5 C N9.5 TYKW,CRON,MANI, IRKU “TEHR N14 E19 {11976} -F
0226 0243 321 I11GG CULG
& 11613 1615 1614 2 25 2 C NarrowB.|0TTA,BOUL,SGMR,CANR, PENN]| 45564 N17 W19 |11976]--F
7 10251 0253 0252 2 66 3 430D 54 C 3/10 TYKW,MANI,CRON, IRKU 45569 0701 |N15 W30 |11976] -N
7 |0346 0516 0355 90 49 180 195 400 -G 1.5/10  |TYKW,MANI,GORK, IRKU,CRON| 45570 0702 |N15 W30 |11976] 1B
7 11055 1102 1087 7 67 24 30 C P9 BERL,0TTA,SGMR,GORK,SLOU| 45577 0704 |N14 W34 |11976] IN
— [CANR, CRIM
7 {1430 1505 35 17 P.R.
1505 1610 1528 65 [4500 7100 15000 12000 C 3/9.5 HUAN,OTTA,SGMR, CANR,BOUL } 45580 0707 {N14 W36 | 11876 3B
1522 27000 45000 P9 SGMR,SLOU
1610 1940 210 50 360 P.I.
(11647 1656 1651 9 26 10 38 18 S N3 PENN,OTTA,CANR )]
1511 1530 3 2 11166,V |WEIS,HARV,SGMR
1518 1614 : 3 3 II HARV,WEIS,BOUL
1508 1807 3 3 3 IV,CONT |HARV,BOUL,SGMR
1756 1802 2 2 11166 HARV
11 11210 1212 1210 2 23 1 58 3 S P7 SGMR,OTTA,CANR,GORK,HUAN| No Report
PENN
11 11217 1221 1218 4 99 17 C 1.5/3 OTTA,SGMR,BERL ,PENN,GORK[ 45643 1105|N12 W90 {11976) 1B
11 1231 1248 1236 17 70 36 C 0.6-9 OTTA,SGMR,GORK,,BORD,PENN| 45643 1105{N12 W90 [11976] 1B
1239 123 3 P9 SGMR,0TTA, GORK, PENN, SLOU
1239 1243 2 2 111G BOUL ,WEIS
1239 1251 11 II BOUL,WEIS
1248 1254 3 2 II BOUL,SGMR
1247 1355 2 2 Iv BOUL ,SGMR
11 {1313 1340 1320 27 84 76 S P3 OTTA,SGMR,BOUL ,PENN,SLOU| No Report
1315 1318 2 II BOUL : |BORD,BERL
1247 1355 (Common to the above event) 2 2 v BOUL,SGMR
1345 1350 | | 3 UNCLF  |HARY
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Unfortunately, many in situ solar wind and field observations are not given here and one has to
rely on the two papers concerning the ground-based method of radio scintillation to obtain the general
picture of the solar wind conditions and the interplanetary shocks. However, the Pioneer 9 plasma
wave observations (Scarf*) and the long path electron density (Croft) measurements do show convincingly
the presence of several shocks at 0.77AU during early August. There is only one paper (Ondoh) con-
cerning effects seen inside the magnetosphere. These indicate disturbed conditions (particle precipi-
tation, whistler duct formation, plasmapause motion) during magnetic storms, but the exposition of
many interesting details will have to await later publications.

In the X-ray region the energies covered (0.6-300 kev) allow the observation of both the thermal
emission from a hot solar plasma and the bremsstrahlung from non-thermal electrons. The major events
occurred at 0200 UT and 1830, August 2; at 0620, August 4; and 1500, August 7. Peterson's report
provides a good description of the character of X-ray events, catalogs 23 events observed between
July 28 and August 9, and presents details of the 1830 UT, August 2 event. The most extensive data
coverage is given by Dere where energy fluxes based on black body spectra are presented for the
period July 26 - August 14_for photgn energies between 0.8 and 25 kev. There were 12 events in which
energy fluxes exceeded 10-1 ergs/cmé-sec in the 0.6 to 1.5 kev energy range. The paper by Van Beek
provides flux and spectral measurements of some of these events.

Some of the most extraordinary observations are reported by Chupp for the y-ray energy range 0.3-
8 Mev. For the major events on August 4 and 7, line emission at .511, 2.23, 4.43, and 6.13 Mev_has
b?gn seen for the first time and establishes that positrons, deuterium, and excited states of C1Z and
0*° are produced by nuclear reactions between accelerated charged baryons and the solar atmosphere.

The Targest solar charged particle events of the 20th solar cycle occurred during the flares
between August 2 and 7. Peak proton fluxes at the earth during August 4-5 displayed rather complex
structure and it is highly Tikely that flares 1B E26, 2B E28, and 3B E09 all contributed particles.

A second peak occurring during August 8-9 most Tikely resulted from the 3B flare at W37. There are
five papers (Kohl, Lin, Lanzerotti, Domingo, Yates) which present extensive spacecraft results
covering the whole time period emphasized in this retrospective interval. Experiments on Explorers
41 and 43, HE0S-2, and 0V5-6 collectively provided electron energy coverage starting at 40 kev and
extending to 3.5 Mev in several channels, proton energies from 0.2 - 100 Mev in numerous channels and
alpha particles covering the range 2 - 25 Mev/nucleon in several channels. Comparison of the various
results provides reasonable confidence in the flux values and detailed spectra are available so that
further study and interpretation can be done. Balloon measurements of protons, the production of
higher Z particles and even the activation of Apollo 17 samples collected some 4 months after the
events are reported in other papers in this collection.

Unfortunately, the Apollo ALSEP instruments which measure electrons and jons in the solar wind
energy ranges (.01 - 20 kev) were not pointing near the solar direction during the time interval of
these events. However, the energetic particles just discussed penetrate the instruments and are
detected. In addition, these instruments did detect low energy particles during special time periods.
The paper by Moore reports on electron observations during August 4 which show two periods of
heating. As the author points out, these particles are most 1ikely energized at the earth's bow
shock and propagate back upstream to the moon. Medrano presents some special fon events with sharply
peaked spectra around 2.5 kev commencing on August 3 which are probably ejected from the bow shock.
On August 4 streams of ions with broad energy spectra were observed which are suggestive of particles
associated with an interplanetary shock wave generated by the flare at 2200 UT, August 2.

It is clear from the radio scintillation measurements reported by Armstrong and also Houminer
that extremely large values of the solar wind speed occurred as a result of the flares of 0200 UT
and 2200, August 2; 0600, August 4; and 1500, August 7 and that interplanetary shock waves were
1ikely present. A solar wind speed in excess of 2000 km/sec at 1 AU may have resulted from the
August 4 flare. In situ plasma and field measurements made during August should provide important
results for understanding the extreme conditions present in the interplanetary medium.

In conclusion, the papers presented here give the reader detailed information on the X-, y-ray,
and energetic charged particle emissions from the sun at earth during the July 26 - August 14 inter-
val. The conditions of the solar wind, the character of the interplanetary shocks, the nature of
magnetic and electric fields, and the response of the magnetosphere to the highly disturbed conditions
are exposed enough to draw interest to further study of one of the most interesting periods of solar
emission ever observed. The detailed studies and correlations which this document hopefully will
stimulate should lead to a much greater understanding of solar-terrestrial phenomena.

* In this summary, only the first author is given in the references to detailed data reports in this
compilation.




Cosmic-Ray Data for the August 1972 Solar Events

by

M. A. Shea
Air Force Cambridge Research Laboratories
Bedford, Massachusetts U.S.A.

The information on the cosmic-ray events during August 1972 submitted by various scientists to
this data compilation indicates most strikingly that this is an extremely complex period. The
occurrence of many types of phenomena including two ground-level cosmic-ray increases and three
Forbush decreases have been identified between 4 and 9 August 1972. 1In addition, the solar dis-
turbances and corresponding changes in the interplanetary medium modulated the galactic cosmic rays up
to very high energies. This is indicated by the cosmic-ray data from the underground muon detectors
where these modulations may be observed to at least 60 M.W.E. (meters water equivalent) with indica-
tion of the general features of the high energy cosmic-ray modulation detectable at 80 M.W.E. While
it is not the intention of this overview to be a critical analysis, it is perhaps appropriate to point
out that the underground muon detectors located in Japan are viewing in almost opposite direction of
those in the American hemisphere, and a comparison of the data indicates the presence of a galactic
cosmic-ray anisotropy during this time period. Furthermore, compiex modulations are occurring at
about the same time as the ground-level cosmic-ray increases, and care must be taken to identify cor-
rectly the responsible phenomena.

The major features of interest detectable by ground-Tevel cosmic-ray sensors throughout this
period can be summarized as follows. An enhanced modulation of the neutron monitor intensity was
observed at many stations on 3 August. Early on 4 August, at ~ 0130 UT occurred the first distinct
Forbush decrease, a sudden sharp decrease in galactic cosmic-ray intensity. This Forbush decrease
was complicated by a positive modulation of the high energy cosmic-rays upon which is superimposed a
most unusual ground-level cosmic-ray increase detectable by very high Tatitude neutron monitors
(vertical cutoff rigidity & 1.2 GV). An extremely intense Forbush decrease was detectable at all
observable cosmic-ray energies with an onset time between 21 and 22 hours UT on 4 August. This event
is very unusual in that the decrease is very rapid, the maximum depression is extremely deep for a
very short time period (1-2 hours), and there is a very rapid recovery observed at neutron monitor
energies (a few GeV). A correspondingly slower recovery is observed at higher energies detected by
the underground muon telescopes. In addition, there is an intriguing coincidence between the rapid
recovery of this Forbush decrease as detected by neutron monitors, and the shocks observed by
satellite detectors in the interplanetary medium. After these phenomena early on 5 August there was
a relatively normal recovery from the Forbush decreases as observed by neutron monitor until a second
ground-level event occurred at ~v1530 UT on 7 August. This ground-level event differs from the one on
4 August in that a very prompt arrival of particles was observed by neutron monitors with favorable
asymptotic viewing directions. In addition, higher rigidity particles of at least 2 GV were detected
in this second event. After the ground-level event on 7 August, there is a third smaller Forbush
decrease on 9 August which is almost classical in its behavior with a rapid decrease in intensity
followed by a slowly rising intensity to pre-decrease level.

As mentioned previously this is a very complex period and extreme care must be utilized in un-
raveling the ground-level and satellite observations to gain an understanding of the various phenomena
that occurred in interplanetary space. The papers in this section contain valuable data that will be
utilized not only by cosmic-ray scientists but also by scientists in related disciplines of solar-
terrestrial physics in the analyses of their data for this most unusual period of the solar events
of August 1972.

Ionospheric Observations of August 1972 Events

by

A. H. Shapley*
Environmental Data Service, NOAA
Boulder, Colorado U.S.A.

There are a Targe number of diverse contributions concerning the ionosphere to these data reports
on the August 1972 solar-terrestrial phenomena. They contain a wealth of information but, as with
any group of contributed reports, are not comprehensive or necessarily balanced. In addition to the
group of detailed data reports, attention is callied to Appendix 1 in which is reprinted from other
sources a convenient set of hourly f-plots for eight ionosonde stations and hourly values of foF2
for August 1-11 for 64 jonosonde stations.

* Based on contributions by W. R. Piggott, Radio and Space Research Station, Slough, U.K., and
N. Smith, Environmental Data Service, NOAA, Boulder, Colorado U.S.A.
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The ionosphere showed no especially unusual features in the period under review until the
Importance 2B flare on August 2 beginning at 1958 UT. The accompanying Sudden Ionospheric Disturbance
(SID) was seen essentially everywhere in the daylight hemisphere by all relevant techniques. The
Polar Cap Absorption event {PCA) began by about 0400 UT on August 3 as shown by riometer data and by
about 0700 as shown by ionogram blackout (Godhavn, in Appendix 1). Further study is needed of the
data in this volume, including Appendix I, and indeed probably of the concert of ionograms and riometer
recordings to ascertain the first arrival of ionizing solar protons and the morphology of the PCA as
a function of geomagnetic latitude.

The PCA blended into the ionospheric storm introduced by the geomagnetic sc at 0119 UT August 4.
At first glance, at Teast the D-, E-, and F-region characteristics of the storm were not atypical.
There was strong D-region absorption (blackout or high f-min on ionosondes) almost continuously
through August 8 in the higher latitudes, above about ¢=70, and during daylight hours in the latitude
zone ¢=55-70. Riometer data give a more quantitative measure of changes in D-region jonization below
75 km, while the ionosonde data are a crude measure of unusual fonization in the upper D-region. When
the F-layer could be seen through the absorption, the usual storm time behaviour was generally observed.
Of especial note are the incoherent scatter measurements at Chatanika, Alaska, on August 5 when iono-
sondes were blacked out; these indicate that foF2 in the auroral zone is relatively low during an in-
tense storm as it is during moderate disturbances when jonosondes are not blacked out. Temperate
latitude phenomena seem to have followed the usual storm-time trends, but multi-station studies from
these data sources will be needed before this conclusion is confirmed.

The "Sporadic E" (Es) types and "night E" which are typical of high Tatitudes were seen at lower
latitudes than normal during the intense disturbance. At still lower latitudes, Es phenomena were
complex; there are reports of both decreases and increases in the amount of Es present. This is not
unusual: zones which show much sequential Es in quiet conditions usually show less Es in magnetically
disturbed periods whereas high Tatitude types of Es are increasingly present during disturbed condi-
tions. On the other hand, at stations where the typical dense summer types of Es are common, its
prevalence is so variable from day to day that 1ittle can be deduced from data for single stations on
particular days. Data from thewinter hemisphere were not available when this summary was written.

One should note the apparent large increase in neutral atmosphere density just above F-region
heights on August 4, as measured by satellite drag (Jacchia et al.). This contrasts with the
behaviour of the electron density.

By the time the 3B flare of August 7 began at 1455 UT, the geomagnetic field had quieted down,
and the Tow and middle latitude F-region was generally normal. However, on the polar cap, absorption
was still very high, whether a continuation of the PCA of August 3 or the aftermath of the ionospheric
storm which began August 4. One can only barely recognize a new PCA beginning following the flare
from the jonosonde data (0600 at Narssarssuaq), but riometer data indicate one did begin by 0500 UT.
There would seem to be a definite difference in the proton energy spectrum of the August 3 and August
8 PCA events, which detailed study of these data could specify.

The fonospheric storm starting from the geomagnetic sudden commencement on August 8 at 2354 UT
seems fairly ordinary and much shorter-lived. In fact, the PCA in the polar zone seems to have
Tasted as long as the magnetic storm effects.

There are many special observations of special interest. The incoherent scatter data at
Millstone Hill before, during, and after the August 7 flare should be studied carefully, and the same
kind of observations in Alaska throughout the period are probably the first of their kind in the
auroral zone in a period of great disturbance. It is clearly useful to gather together the many VLF
and LF data both for the flares and for the storm periods. Total electron content measurements
include a flare-associated perturbation on August 7. This has not yet been confirmed by observations
at other stations, for example by f-plots of foF2 on a 5- or 10-minute time scale for suitable iono-
sonde stations. The same technique could be used for searching for perturbations of foF2 associated
with large geomagnetic sudden commencements, especially as Doppler movements of the height of the
layer have been reported.




Geomagnetism and the August 1972 Solar Events

by

D. van Sabben
Royal Netherlands Meteorological Institute
De Bilt, Netherlands

The series of papers on geomagnetic effects begins with the presentation of some of the basic
indices: the auroral electrojet index AE and the equatorial Dst-index; already published in the
companion data volume, Report UAG-21, are the planetary indices Kp, Ap, and Cp, the usual Tists of
data from observatories on "principal magnetic storms", sudden commencements and solar flare effects
and a number of magnetograms from selected stations.

From these data it appears already that there have been two main storms during the interval,
roughly from August 4 to 6 and on August 9. Both storms began with two successive sudden commence-
ments {ssc) namely at August 4, 0119 and 0220 UT and at August 8, 2354 and August 9, 0037 UT,
respectively.

Many of the subsequent papers begin with general description of the storms and of the related
solar activity. For those papers which were available at the moment of writing of this survey, some
main points are indicated here. Loomer and Jansen Van Beek concentrate on the magnetic perturbations
preceding the storms. They present the equivalent current systems for these perturbations and indi-
cate a relation between the type of the current vortices in the polar cap and the direction of the
interplanetary magnetic field. Riometer data on polar cap absorption from Loparskaya and the occur-
rence of bays and pulsations in relation to the storm phases are discussed by Brunelli et al. They
report large pc-5 between 0900 and 1200 UT on August 5, with periods ranging from 4 to 6 minutes and
amplitudes about 500y.

An analysis of substorms based on the records of two mid-latitude and two equatorial stations is
made by Selzer and Roquet. They discuss the double ssc-structure and the relation between the sub-
storms and the "mother storm." A description of the effects at three Jow-latitude stations, including
two equatorial electrojet stations, is given by Bhargava. He reports extremely heavy disturbance
after the si-event of August 4, 2238 UT.

There are also papers concentrating on pulsations. Bolshakova et al. give a survey of pulsations
of the types pi 1, 2 and pc 1-5 which occurred at Borok (58° N, 39° E) between August 4 and August 10.
They noted the absence of pulsations of the type IPDP during the interval 2-8 August. A description
of the records of the geomagnetic X-component at Manila is given by Salcedo, with emphasis on the
pulsations with periods ranging from 1-5 minutes and amplitudes up to 200y which occurred during day-
time between August 4, 2238 UT and August 5, 0740 UT.

Micropulsations activity at an unmanned observatory in Antarctica (near McMurdo) is reported by
Willard, Helms, and Liemohn. The data which were transmitted via satellite in digitized form are
presented in daily diagrams of micropulsation power, as recorded in 21 separate freguency bands, for
the period August 2-6.

Heacock, Hessler, Kivinen, Reid and Olesen describe micropulsatiops as recorded in four auroral

zone stations and one polar cap station (Thule). They especially discuss the pc 1-2 pulsations asso-
ciated with ssc's and the periodically structured pc 1 during the storm recovery phases.
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2. SOLAR OPTICAL DATA

Summary on page 3

Charts of Flare Observations in Appendix I
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The TIUWDS Forecast of the August Events

by

P. Simon, Chairman of the IUWDS
Observatoire de Meudon, France

After the occurrence of such a series of outstanding solar events, one is tempted to scrutinize
the relevant forecasts and to evaluate the utility of a service devoted to prompt distribution of the
data and the issuance of daily forecasts.

Of course no service preparing forecasts could pretend to succeed all the time and the study of
a long series of forecasts would give a better basis for evaluation of its efficiency. Such a work
has already been published [P. Simon et al., 1972]. However, we can review the forecasts issued
between 29 July and 11 August 1972. 1In addition this could help users become familiar with these
kinds of information.

Porecasts of Solar Activity.
Forecasts are issued in a double wording format:
1. A forecast of the activity of each spot group according to the following four categories:

(a) Quiet: No more than one small flare a day is expected.
(b) Eruptive: Several flares or subflares a day, but only a few radio or X-ray
bursts are expected.

(¢) Active: Large centimeter or X-ray bursts accompanying flares are expected
but they will not be followed by a prompt arrival of protons at
the Earth.

(d) Proton: A prompt proton arrival at the Earth is expected following a large

solar event accompanied by centimeter and X-ray bursts.
For the last two categories one cannot specify the date of the event: this kind of forecast is
repeated daily for as long as the event is expected to occur.

2., An Alert:
(a) Solalert: The solar activity will increase.
(b) Protonalert: A solar event followed by a prompt proton arrival is expected
somewhere on the sun.
Several Warning Genters cannot use these categories of forecast and use either the wording

"flare expected" for a large flare (importance 2) expected or only an alert: Solalert or
Protonalert.

Evaluation of the Forecasts.

According to Table 1, the three events on 2 August with large X-ray bursts were correctly fore-
casted by PA, SY and KO. The proton event on 4 August was forecasted by SY, GE and PA. The proton
event on 7 August was not forecasted at all,

Forecasts of Geomagnetic Activity.

Usually one uses the Alert system along with an evaluation of the time of occurrence of the
event: MAGALERT 30/04 means that a magnetic storm is expected to start on either 3 or & August.
Several Warning Centers transmit ''expect a magnetic storm" instead.

Evaluation of the Forecasts.

According to Table 2, SY was the only Warning Center to forecast the geomagnetic storm of
5 August as a severe one. Obviously some disturbance was expected to follow the flare of 4 August,
though we cannot say whether a new storm was superimposed on the declining geomagnetic activity.
The magnetic storm of 9 August was correctly forecasted, but we can suspect that several Warning
Centers expected a longer storm than the one which actually occurred.

Comment on the Forecast of the Proton Events.
The term '"proton event' is applied to a large variety of solar situations which are far from
being understood. Solar forecasters have to base their warning upon well-established criteria, even

though many proton arrivals do not fit in with them. During this period two well-established criteria
were fulfilled and one datum was difficult to evaluate.

1. The centimetric spectra of the center:

During the whole of its disk crossing, the flux ratio 3 em to 8 cm of this center of ac-
tivity was equal to or above 1.00 and the 3 cm flux was above 25 fu (Table 3).

2. A high magnetic field gradient:

On 31 July the observers at Meudon noticed an unusual value of the magnetic field gra-
dient. 1In their program of observation of sunspot magnetic fields, the observatories in USSR
supplied useful information on the magnetic structures of the group, and obviously the ob-
servers at Kislovodsk were aware of the unusual value of this gradient on 3 August at 0500 UT.
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Table 1

Forecasts Issued by the Warning Centers and the World Warning
Agency (Geoalert) and Solar Events Occurring during This Period

| Eruptive
PA291400
GEO10400
DA011200
B0O020200
GE020400
DA021200
DA031329(PN)

GEOLOL4OO
DAOL1300

DAQ71201

DAO81200(PN)

DA090930

DA101320

DA112156

{1)Complex Magnetic Field Structure

PA=Meudon
NE=Nera

Active

PA311500(1)

PAO11300

PA021330(S0)
B0O030200(S0)

GE050400

PAO51400(30)
GE060400(80)

GEO70400(S0)
PA071330(80)

GE0B0LOO(PN)

GEO90400(PN)

GE100400(30)

Proton

GE030400(PN)
PAO31330(PN)

PAOL1330(PN)

PA0O81330(PN)

PA091530(PN)

PA101330(PN)

GE110400(PN) |
PA111330(PN)

DA=Darmstadt KO=Tokyo

MO=Moscou

SY=Sydney
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Flare Exp.
or Alert

8Y010100(S0)

SY020115(S0)
K0020135

S3Y030110(PN)
K0030216

SYO40130(PN)
KOOko120
NEOL1200
SY050120(PN)
KO0E0135
B0050200(80)
KO060130
8Y060135(S0)
BO060300(S0)
SY070105(S0)
KO070130
B0O070200(S0)
NEOT71200
SY080100(PN)
Ko0%°e125
BO080200(PN)
8Y090120(S0)
K0090125
B0090200(80)
NE091200
SY100130(S0)
K0100135
B0100200(S80)

18¥110120(S0)

K0110125
B0110200(PN)

BO=Boulder
GE=Geoalert

Events

020309 TenFlarel900fu
021838 TenFlare 600fu
021958 TenFlare9700fu

040621 TenFlare5600fu
Proton Event

071505 TenFlareld500fu
GLE Proton Event

1141217LimbFlare
(S0) = Solalert
(PN) = Protonalert




Table 2

Forecasts of the Geomagnetic Aetivity and Reported Events

Forecasts

Events reported

PAQ21330 MAGALERT
MO021600 MAGALERT
SY030110 MAGALERT

RECEIVED
K0030216 MAGSTORM
BO030200 MAGALERT
GEO30400 MAGALERT
PAQ31330 MAGALERT
DA031329 MAGALERT
MO031600 MAGALERT

03/04

PIANO LITTLE DATA
ON LATER EVENTS
EXPECTED

03/05
03/05
03/05

SY040130 SEVERE MAGSTORM EXPECTED S5th

Kookozo7"
BOO40050 MAGALERT
GEO40400 MAGALERT
PAO41%30 MAGALERT
BO050200 MAGALERT
K0O050135 MAGSTORM
PA0O51400 MAGALERT
K0060130 MAGSTORM
BO060300 MAGALERT
GEO60400 MAGALERT
BO080200 MAGALERT
GEOB80400 MAGALERT
PA081330 MAGALERT
NE081200 MAGSTORM
DA081328 MAGALERT
MO081600 MAGSTORM
20090200 MAGALERT
K0090125 MAGSTORM
FE0S0400 MAGALERT
PA0S1530 MAGALERT
M0101600 MAGALERT
M0111600 ‘MAGALERT

MAGSTORM EXPECTED

ol
04/05

EXPECTED
05/07
EXPECTED
06/07
06/07
08/09
08/09
08/09
EXPECTED
08/09
EXPECTED
09/10
EXPECTED
09/10
09/10

SSC
S3C
SSC

S3C
SSC

3S3C

040119
0ko220
o205y

081341
082354

090037

PA121300 POSSIBILITY OF WEAK MAGSTORM 12/13

Table 3

On

on

On
on
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These two categories of information circulate regularly on the IUWDS network thanks to the
existing codes.

3. . Evolution of the active center:
The prediction of the evolution of each part of the spot group contributes to the forecast
of the solar events. At higher latitudes the differential rotation plays an important role for

the relative evolution of the spots. However, around 13° the proper motion alone are important,
and in such a complex group they are difficult to predict.

We also have to note that for a spot somewhere between the East limb and about E30, one

cannot in general expect any prompt proton arrival. Thus, the forecast is usually only "Active.
From W40 to the limb many events are proton producers.

Comment on the Geomagnetic Activity Forecasts

Large flares which fulfill all the usual solar criteria for a geomagnetic storm sometimes do not
disturb the geomagnetic field. In that case the "way" between the interplanetary medium and the mag-
netosphere was not "open'" for an interaction. The solar data could help to forecast the delay of the
storm but we have little information for a prediction of the importance of the geomagnetic activity.

Of course, a series of large events could be supposed to produce an unusual high level of geomagnetic
disturbance.

Conclusion

The information circulating on the IUWDS network allowed some material which could contribute to
a successful forecast of the solar activity and of the geomagnetic disturbances during this period.
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EVALUATION OF THE AUGUST 1972 REGION AS A SOLAR CENTER OF ACTIVITY (McMATH PLAGE 11976)
b

y
Helen W. Dodson and E. Ruth Hedeman
McMath~Hulbert Observatory, The University of Michigan

1. Time of McM 11976 in the ll-year solar cycle

a. Time in solar cycle 20

The active, particle-producing region of August 1972 (McMath plage 11976) with
its ground-level enhancement of cosmic rays, occurred ~ 3.7 years after sunspot maximum
and during a well-defined resurgence of activity or "stillstand" in cycle 20. This re-
surgence of activity in 1971-72 resembled closely the "stillstand" of 1950-51 in cycle
18. They both took place about four years after solar maximum, lasted for about a year,
and corresponded to a level of ~ 70 in smoothed sunspot numbers. (See Figure l.) The
1950-51 resurgence included the formation of the fourth largest known spot (CMP May 16,
1951). Resurgences or pulses of marked activity appear to be a characteristic of the
declining phase of the ll-year solar cycle.

The resurgence of activity in solar cycle 20, according to monthly mean values
of sunspot numbers and 10 em flux, may have started as early as July 1971, was well es-
tablished by December 1971, reached maximum values in February 1972, and then diminished
irregularly throughout the remainder of the year. Accordingly McMath plage 11976 with
CMP on August 4, 1972, occurred after the maximum and near the end of the resurgence of
activity in solar cycle 20 and not at the time of its peak development. (See Figure 1.)

b. Energetic particle events in the late phase of other solar cycles

The occurrence of flare-associated, high energy particle events at the earth
in the declining phase of the ll-year solar cycle likewise appears to be a usual rather
than an unusual aspect of solar-terrestrial relationships. The first known instances of
sun-associated ground-level enhancements of cosmic rays (GLE) occurred on February 28
and March 1, 1942 during the transit of an important center of activity at the end of a
small ""stillstand" ~ 4.8 years after maximum in cycle 17. 1In cycle 18, a GLE occurred
on November 19, 1949 ~ 2.3 years after maximum. The more sensitive detectors of later
years recorded 8 GLE's during the declining phase of cycle 19 between July 16, 1959 and
July 20, 1961 (~1.4 to 3.3 years after spot maximum). Table 1 brings together data
relating to the five centers of activity associated with GLE's in the postmaximum phase
of cycle 19 and similar information for cycle 20, including data for McM 11976.

From the solar point of view, there seems to be 'considerable similarity be-
tween McM 11976 of August 1972 and McM 6171 of July 1961. The two regions occurred at
approximately similar times in the cycle and during intervals of comparable 2800 MHz
flux and sunspot numbers. The regions had similar Active Region Indices and both pro-
duced 4-5 great flares with Comprehensive Indices 511, Both regions were associated
with extensive energetic particle emission and severe geomagnetic disturbances. These
two apparently similar solar "events' differed, however, in what may be a significant
circumstance. The 1961 center of activity took place in the postmaximum phase of a
solar cycle famous for the height of its maximum and the level of its activity. The
1972 event occurred in the years following an average solar maximum. The interplanetary
medium in the two cases may have been markedly different, and may have led to signifi-
cant differences in the geophysical effects and the particle phenomena in the neighbor-
hood of the earth.

2. Magnitude and characteristics of McM 11976

a. Comparison of MeM 11976 with other regions in 1972

The active, particle-producing center of activity of August 1972 (McM 11976)
was outstanding in the year 1972 on the basis of the magnetic complexity of its spots
and the frequency of its production of flares of great magnitude. It was not a uniquely
great center of activity when other criteria are used for evaluation.

The magnetic complexity of McM 11976 should be discussed by those who have di-
rect access to detailed magnetic measurements. From summarized reports, the spot group
seems to have been the only ome in 1972 for which the magnetic classification was both v
and &€ for most of the days of transit across the disk.
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According to the flare data in SGD, No. 342 and the Quarterly Bulletin there
were in McM 11976 twelve flares of importance 1. Worldwide reports for 1972 are
currently available only through August, but in this interval in 1972 three other re-
gions had approximately similar numbers of flares of importance ¥ 1. (See Table 2.)

The flares in McM 11976, however, included four events that were not only im-
portant optically but also were very great in ionizing and radio frequency emission,
For these flares the Comprehensive Indices [see Report UAG-14 for description of this
index] were 511, a rating attained by only the very small number of flares that are
great in all parts of the electromagnetic spectrum. (See Tables 2 and 3.) It is the
frequent occurrence of these large Hua flares with high Comprehensive Indices that made
McM 11976 exceptional in 1972 and indeed in solar cycle 20.

Criteria other than magnetic complexity and great flares suggest that McM
11976 was outstanding, but not obviously unique, among the centers of activity of 1972.
(See Table 2.) The calcium plage was neither larger nor brighter than that of several
other regions in 1972. The included spot was not the largest of the year. The 9.1 cm
flux associated with the August region was not markedly greater than that produced by
McM 11748 (CMP Feb. 22) and 12094 (CMP Oct. 29). The 169 MHz flux was somewhat less
than that of McM 11769 (CMP March 8). On the other hand, although McM 11976 was not
the outstanding region of 1972 in these latter characteristics, it was well above aver-
age in all of them, and the Comprehensive Region Index (based on flares of importance
> 1, SID"s, spots, and centimetric and metric radiation) was 12, a relatively high value.
This value was approximately matched in 1972 only by that of McM 11769 with CMP on
March 8 and McM 12094 with CMP October 29. (See Table 2.)

TABLE 1

Data relating to Centers of Activity with Flares
associated with Ground-level Enhancement of Cosmic Rays:
Postmaximum Phase, Solar Cycles 19 and 20

Number Max.2800 MHz
McM Years Spot Region of Flares, Flux during
Date of Plage CMP of |after Mag. | Index Comp. Index Transit of
GLE Number | Region | Max. | Area Class (a) =11(b) Region
Postmaximum - Cycle 19
1959 July 16 5265 | July 14§ 1.3 | 1981 13 4 (11, 12, 16, 264
15
1960 May 4 5642 | Apr. 27| 2.1 | 1217 « 8 1 (11) 167
1960 Sept. 3 5837 | Sep. 10| 2.5 832 v 6 1 (14) 183
1960 Nov. 12
Nov. 15 5925 | Nov. 12| 2.7 1775 By 17 6 (11, 15, 15, 200
Nov. 20 13, 16, 12)
1961 July 18 6171 | July 14} 3.3 | 1512 By 13 5 (14, 16, 12, 147
July 20 12, 15)
Postmaximum - Cycle 20
1971 Jan. 24 11128 | Jan., 21| 2.2 9521 Bp 7 2 (11, 13) 184
627 Bp
1971 sept. 1€°) 11482 |Aug. 24| 2.8 | 1857 gy 12 o@D 154
1972 Aug. 4 11976 |Aug. 4| 3.7 1300 v 12 4 (11, 14, 17, 156
Aug. 7 15)

(a) The Region Index is based on flares of importance >1, SID's, spots, and
centimetric and metric radiation.

(b) The Comprehensive Flare Index is based on the ionizing and radio frequency
emission of the flare as well ‘as on its optical importance.

(¢) Region was beyond west limb on invisible hemisphere at time of GLE,.

(d) The GLE appears to have been associated with a major flare Jjust after west
limb passage. Comprehensive Index cannot be derived.
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TABLE 2

Principal Centers of Activity(a)in 1972 (Jan.-Aug.)(P)

Flares
McM Comp. Spot
Plage 1972 Plage Imp. Index Max, Region(d)
No. CMP Lat. | Long.|Area Int. |51 =2 _S11 SID's | Class Area(c)| Index
11693 |Jan. 20 | S15° | 102° |5600 3.5 |13 2 1 13 By 500 7
11734 |Feb. 16 | S17° | 100° |6400 3.5 |10 1 0 19 Bp 550 5
11748 |Feb. 22 | N10° | 21° |6500 4 5 1 1 32 Bp-ﬁv} 950 9
11769 [Mar. 8 | s08° | 190° |4500 3.5 g8 - 2 20 Bssy 1625 11
11827 |Apr. 21| S12° | 323° |5000 3 1 - 0 5 Be-y 575 4
11876 |May 18 | S05° | 326° |4000 3 5 - 0 11 Bp 775 5
11883 |May 20 | S14° | 299° |3600 3.5 5 - 0 6 By 1150 9
11895 |May 30 | NO9° | 167° 3600 4 11 1 1 15 By-y 1025 9
11911 |June 6 | S12°| 81° 4500 3.5 3 - 0 19 Bp-By 625 7
11926 |June 16 | S13° | 302° |5000 3 4 - 0 10 By ? 4
11930 |June 22 | S10° | 229° |3800 3.5 3 - 0 3 By 825 A
11976 |Aug. 4 | N13°| 10° |6000 3.5 |12 3 4 17 v 1300 12
12094®@0ct. 29 | s12° | 315° |6000 4 15 0 2 26 By 2425 13

(a2) Includes all centers of activity for which the Region Index was =4, and
all regions with flares with Comprehensive Index >11.

(b) Data for later months in 1972 not yet available.

(c) Spot areas are primarily from Rome and Greenwich data.

(d) Region Index is based on number of flares, SWF's, spots, CM, and meter
radiation associated with the plage.

(e) Preliminary data.

TABLE 3

Flares of Importance S1 in McM 11976, CMP August 4, 1972
(Based on data in SGD, No. 342 and Quarterly Bulletin Lists)

Date Time (U.T.) Ho Comprehensive Flare Index (2)
1972 Start End Max., Location Imp. Profile Sum
Aug. 1 0655 - 0805 0704 N13 E48 (SN-1N?) 11-0- =2
Aug. 1 0841 - 1025 0927 N13 E47 1IN 21-0- =3
Aug. 2(®)| 0316 - 0800  0327) | W13 E35 | (IN-2W?7) 31322 11
0410
0515
0739
Aug. 2 1838 - 1859 1844 N1l4 E26 1B 2120 =5
Aug. 2 1958 - 2355 2023} N13 E27 2B ) 22334 14
2058
Aug. 4 0620 - 1000 0635 N14 EO08 3B 33335 17
Aug. 7 0348 - 0450 0357 N15 w30 1B 1120- =4
Aug. 7 1053 - 1143 1103 N14 W34 1N 1110- =3
Aug. 7 1200 - 1230 1204 N13 w34 1B 1113- =6
Aug. 7 1443 - 1730 lSOq} N14 W36 3B 33333 15 .
1527
Aug. 11 0104 - 0127 0110 | N10 W90 (1w?) (e) 010(3)- =4
Aug. 11 1217 - 1305 1221 N12 W90 1B 21131 8
1236

(a) See Report UAG-14 for description of this index.
(b) Reports for this flare are very difficult to summarize.
(c) Reported by one station only.
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TABLE 4

McMath Plages in Solar Cycle 20 with at least Three Flares
with Comprehensive Flare Indices =11, 1964-72 (August)

Number
of Flares, Individual
McM CMP of Comp. Index Flare Comp. Index
Year | Plage Region | Long. | Lat. >11(a) Indices of Region (b)
1966 8461 | Aug. 29 182° | N22° 3 (16, 13, 14) 11
1967 8818 | May 25| 227° | N26° 4 (12, 16, 12, 12) 15
1968 9740 | Oct. 28 175° | s15° 4 (11, 12, 14, 13) 15
1969 9946 | Feb. 23 60° | N16° 4 (12, 13, 12, 12) 10
9994 | Mar. 21 78° | N18° 3 (12, 14, 12) 13
10134 | June 10 87° | N17° 3 (14, 11, 12) 10
10432 | Nov. 22 74° | N11° 3 (14, 12, 13) 13
1970 10607 | Mar. 5 158° | NO8°® 4 (11, 13, 11, 11) 9
1972 11976 | Aug. 4 10° | N13° 4 (11, 14, 17, 15) 12

(a) The Comprehensive Flare Index is based on the ionizing and radio frequency
emission of the flare as well as on its optical importance.

(b) The Comprehensive Region Index is based on flares of Imp. S1, SID's,
spots, and centimetric and metric radiation.

b. Comparison of McM 11976 with other regions in solar cycle 20

If the comparison is extended to all of solar cycle 20 prior to August 1972,
McM 11976 continues to be unusual from the point of view of the frequency of great
flares. There were only four other regions in cycle 20 which produced as many as four
flares with Comprehensive Indices 511, and in McM 11976 in August 1972 the individual
flare indices, viz. 11, 14, 17, 15, were slightly higher than those in the other four
regions. (See Table 4.) There was only one other flare in solar cycle 20 with an index
as great as 17, the value of the index for the large flare on August 4, 1972, This was
the flare on 1968 July 8d17h08™ in MeM 9503.

On the other hand, from the point of view of the general characteristics of
region, McM 11976 in August 1972 appears to have been far from unique in solar cycle 20.
There had been 15 centers of activity prior to August 1972 for which the Active Region
Index was as great as 12, the value of the index for the August 1972 region. (See Table
5.) If, however, great-flare-occurrence and region evaluation are considered jointly,
then there were only two other centers of activity in cycle 20 that were approximately
equal to McM 11976 on both of these counts, viz. McM 8818 (1967 May 25) and McM 9740
(1968 October 28). (See Tables 4 and 5.) Both of these regions join McM 11976 in asso-
ciation with extensive particle emission and geophysical effects.
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TABLE 5

Centers of Activity in Solar Cycle 20 with Active Region Indices >11, 1966-1972

McM Spot Number of Flares :
Plage CMP of Regio Max. _ Comp . Individual

No. Region lat. Index?a) Class Area(b) Imp.>-l(c) Index>11| Flare Indices
8207 1966 Mar. 22 | N20° 14 v 1180 39 2 (11, 12)

8223 Apr. 3| N27° 12 By 1343 24 1 (14)

8704 |1967 Feb. 27 | N23° 16 By-S& 2040 38 1 (12)
{8740 Mar. 27 | N21° 12 By 960 37 1 (12)

8818 May 25 | N26° 15 By-5 1945 27 4 (12, 16, 12, 12)
{8905 July 28 | N27°| 18 By-5 1793 30 - -

8942 Aug. 26 | N22° 12 By=-& 1378 29 - -

9184 11968 Jan. 31 | N15° 16 By 2769 26 - -

9740 Oct. 28 | 815° 15 By-& 1382 33 4 (11, 12, 14, 13)
9994 {1969 Mar. 21 | N18° 13 6 1583 24 3 (12, 14, 12)
10014 Apr. 3 |N17°| 11 & 1847 4 - -
10135 June 10 | S16°| 12 2 2161 13 - -
10385 Oct. 26 | N12° 12 v 1801 16 1 (11)
10432 Nov. 22 | N11° 13 v 1874 55 3 (14, 12, 13)

Y 941

10789 1970 June 17 | N19° 11 By 1503 31 1 (1)
11029 Nov. 14 | N15° 14 By 2364 19 1 (13)
11482 1971 Aug. 24 | s12° 12 By 1857 18 - -
11769 1972 Mar. 8 | S08° 11 By 1625 8 2 (12, 11)
11976 Aug. 4 | N13° 12 Y=6 1300 12 4 (11, 14, 17, 15)
12094 (@) oct. 29 | s12°| 13 By 2425 15 ? -

(a) Based on data relating to flares, SID's, spots, and centimetric and metric
radiation associated with the region.

(b) Spot areas are primarily from Rome and Greenwich data.

(c) For 1966 and 1967 the numbers of flares are taken from reevaluations based on
total patrol hours [see UAG Reports 2 and 19]. For later years they have
come from Quarterly Bulletin Data.

(d) Preliminary data.

3. Place of McM 11976 on the solar surface

Very little is known about the relationships, if any, between the location of
a great center of activity on the sun and that of prior or subsequent solar activity.
In the course of development of a solar cycle, major activity appears to concentrate for
relatively long intervals of time in what have been called "favored longitude zones."
Additionally phase differences occur between the time of development of activity in the
northern and southern hemispheres. There also is growing evidence from solar cycle 20
that there may be a sustained phase difference between activity in ''favored longitudes."

McM 11976 with CMP on August 4, 1972 occurred at 13°N latitude and in Carring-
ton longitude of ~ 10° (day 27 in Carrington Rotation 1590). According to our records
this general portion of the sun did not produce a concentration of important centers of
activity until relatively late in cycle 20. Furthermore, it was a zone of minimum ac-
tivity in 1969 and again in 1971. Starting in February 1972, however, this apparently
retarded portion of the sun developed a succession of above average centers of activity
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which culminated in the formation of McM 11976 in the northern hemisphere in August and
McM 12094 in the southern hemisphere in October. These regions were in the hemisphere

of longitude ~ 180° away from the longitudinal zone in which activity had been concen-

trated in the early years of cycle 20 (1965-1967.5).

4.,  Summary

According to our evaluations, McM 11976 in August 1972 was a center of activ-
ity that was outstanding in solar cycle 20 because of the complexity of its magnetic
fields and the frequency of occurrence of great flares. It was not a region that was
uniquely great on the basis of calcium plage, sunspot, or ionizing and radio frequency
emissions. It was, nevertheless, well above average in all of these latter characteris-
tics and therefore had a relatively high Active Region Index. On the basis of both
major flare production and region characteristics, McM 11976 in August 1972 was appar-
ently similar to two other regions in the earlier years of solar cycle 20, viz. McM 8818
(CMP 1967 May 25) and McM 9740 (CMP 1968 October 28). The August 1972 center of activ-
ity occurred ~ 3.7 years after solar maximum. In solar cycle 19 there was an apparently
similar active region, ~ 3.3 years after maximum, viz. McM 6171, CMP 1961 July. This
latter center of activity was comparable to the 1972 August region on the basis of great
flare production, region characteristics, and time in the solar cycle.

McM 11976 was located in a portion of the sun that did not develop major cen-
ters of activity until relatively late in cycle 20, It was in the longitudinal hemi-
sphere ~ 180° from the part of the sun in which solar activity was concentrated during
the early years of cycle 20 (1965-1967.5).

It is possible that the geophysical effects and particle emissions at the
earth associated with McM 11976 in August 1972 were greater than those associated with
the aforementioned similar solar centers of activity. 1If this is the case, part of the
explanation may lie in the perhaps simpler circumstances in interplanetary space at the
time of transit of McM 11976. 1In comparison to the other centers of activity in cycle
20, McM 11976 was late in the cycle rather than near times of maximum levels of activity.
With respect to McM 6171 in 1961, it should be remembered that the 1972 August region
occurred in the late phase of an average solar cycle rather than late in a cycle with
the abnormally high maximum of cycle 19. 1In addition the specific geometry of the
earth-sun system at the time of occurrence of each of the great flares also may have
modified particle measurements near the earth.
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Evolution of Solar Active Region MM 11976
(Ho and K faculae and spots)

by

G. Godoli, V. Sciuto and R, A. Zappala
Osservatorio Astrofisico di Catania
Consiglio Nazionale delle Ricerche, Italy

The McMath region No. 11976, located at N12 and Carrington longitude 15°, was the main one during
the concerned unusually active period (middle July, middle August). In Figures la - 1d the four
transits of the active region are shown. The K and Ha faculae associated with this region were first
observed July 2 and 3, respectively. They lasted four rotations. The spot group associated with
this region appeared July 12. It lasted three rotations. These figures were obtained from the helio-
grams of the K, Ha and white-Tight Catania observations and from heliograms from the Rome Photographic
Journal of the Sun.

The evolution curves of the K and Ho faculae areas and of the sunspot group area are shown in
Figures 2 and 3. The projected area A, is given in 10" of the solar disk. The corrected area
Ac = % A, sec h (h = heliocentric angle) is given in 10™* of the solar hemisphere. The circles in-
dicate fgcu1ae or spots only partially visible on the disk.

The sunspot group according to Mount Wilson Observatory was a 8 magnetic type at its appearance
on July 12 and had a & configuration by its maximum on July 31.

From the analysis of the evolution curves the following are deduced:

(a) the lifetime of the spot group, considering its maximum spot number, was in agreement
with the mean lifetime for such groups [Kiepenheuer, 19523. Its evolution curve is
symmetric, i.e., the rise time is equal to the decay time;

{b) before the August 7 event the K and Ho faculae decreased remarkably, the Ho facula
reaching its minimum one day before the K facula (these observed minima are not part
of the expected post meridian decrease);

(¢) K facula reached its maximum on August 8, Ho facula on August 9;

(d) the evolution curves of the Ha and K faculae, compared with others of usual phenomena
already studied [Godoli, Monsignori Fossi, 1967, 1968a; Godoli, Morgante, Sturiale,
19701, show no anomaly. In this case we can not argue that the facula decays quickly

due to its great flare activity, as was done for the flares of August 28 and September 2,
1966 [Godoli, Mcnsignori Fossi, 1968b7.
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The Great Sunspot Group of August, 1972
by

Patrick 8., McIntosh
NOAA Envirommental Research Laboratories
Boulder, Colorado 80302

The sunspot group associated with the series of great cosmic-ray flares during August, 1972 posses-
sed all the classic properties noted in earlier cosmic-ray active centers. The group appeared through-
out its disk passage with a large total area (~ 1000 millionths of the solar hemisphere) invested in a
single, circular penumbra encompassing all the major spots. This descripbion was given to the typical
proton-flare sunspot group by Anderson [1961] in his attempt to estimate periods "safe" from solar pro-
ton events. The magnetic field configuration illustrated in Figure 1 shows a highly convoluted longi-
tudinal neutral line passing through the single penumbra, giving the group a magnetic classification of
"delta"; i.e., there were strong spots of opposite polarity closely spaced within the same penumbra. In
addition, the order of polarities from west to east was reversed from the normal order for northern
hemisphere groups in the present solar cycle. Reversed polarity groups have been associated with excep-
tional flare activity [Smith and Howard, 1968] and delta configurations have a high correlation with
proton flares [Warwick, 1966]. A careful study of the evolubion of the sunspots below will show that
one of the major magnetic poles was ejected from the penumbre during the period of intense flare activ-
ity, recalling the results of the study by Gopasyuk et al. [1963]. As in previous case histories of
proton-flare sunspots, the details of the sunspot motions and growbth patterns suggest a close relation-
ship with the time and place of the major solar flares [MecIntosh, 1969, 1970, 1972a, 1972b], giving ad-
ditional support to the relationship of Evolving Magnetic Regions to fleres [Martres, et al., 1968].

The birth of the active center with McMath number 11976 occurred on 11 July on the western portion
of the visible solar disk and only about five heliographic degrees east of what was then the largest
active center on the solar globe. The new region continued to grow until it passed from view at west
limb on 15 July, having formed a peculiar group with its dominant spot directly south of a cluster of
smaller spots of opposite polarity. The coordinates
of the large, leader-polarity spot (negative polarity)
were N1l and Carrington longitude 009,

The appearance of the group upon its return on
29 July is shown in Figure 2. The original leader-
polarity spot returned as spot C in our diagrams,
with a large symmetric penumbra extending south of
it. To its north were several large spots that were
still increasing in size during the first days of the
disk passage, suggesting that they may have formed
only a few days prior to east limb appearance. It
would be unusual for follower polarity spots to have
survived during the entire two weeks of transit on

the invisible solar hemisphere., If we can assume Fig. 1. The path of the longitudinal neutral
that spots that grow in unison are part of the same line was inferred from HY structures
magnetic field system, then we were observing the thotographed with Leinbach spectro-
emergence of a strong, new bipolar spot group with helioscope August 6 at 1816 UT [from
reversed polarities. The spots of leader polarity McIntosh, 1972c]. The penumbra is
were spots D and E and the follower was spot B. lightly gutlined.
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A study of the sunspot evolution in Figs. 3 and L shows that spot B split into two parts By and Bs.
At the same time B moved from the center of the penumbra to the southwest edge. This spot grew in uni-
son with the growth of spots D and E and it was opposite in polarity to them; therefore, B-D-E repre-
sents a sunspot "group." The change in relative positions of these spots can be viewed as a rotabion of
the spot group axis in a clockwise sense, as if to burn the "reversed" orientation toward a "normal
orientation. The movements of both B and D led to increagses in magnetic field gradients across longitu-
dinal neutral lines between spobts B and C and between spots D and F. The gradient D-F became the more
important as spot C was diminishing in area while spot F was enlarging.

If we consider spots A, B and D as the primary poles of the sunspot group, the movement of spot B
represents the expulsion of a primary pole from the group. This had the effect of changing the magnetic
field configuration to a lower energy configuration. The powerful flares of August 2 occurred during
the most rapid rate of movement for spot B,

Rotation of individual sunspots may have occurred. The fine structure on the southern border of
spot B and on the wesbern border of spot A was little changed during August 1-5, providing reference
structure for detecting counterclockwise rotation of about 90° in both spots. This may be one of the
first observational corroborations of a proposed mechanism for building energy content and instabilities
in sunspot megnetic fields [Stenflo, 1969; Sturrock, 19721.

The times and locations of the several major flares, described in other contributions in this vol-
ume, were so correlated with the spot evolution that a common physical cause seems obvious. All the
flares began within 10 arc seconds of the region of steep magnetic field gradient between spots D and F.
The flares usually spread along the neutral line near spobs B and C. The outstanding events on August 4
and 7 had initial flare segments centered over the strong umbra D. The first of the major flares occur-
red early on August 2, during the most rapid movement, splitting and rotation of spot B. The flares of
August 4 end 6 occurred during the buildup of the gradient between D and F, with the growth of spots F
and Ap contributing more to the gradient than even the approach of spot D to these new spots,

What is the common '"cause" of the flares and sunspot motions? The only conceivable force capable
of moving and rotating magnetic fields of the strength and size of these spots is large-scale gas motions
beneath the photosphere, where the hydrodynamic forces exceed the inertia of the frozen-in magnetic
fields. The scale of these motions is such as to move and twist the magnetic fields in unison through-
out the sunspot group. The shearing and twisting of magnetic fields are efficient mechanisms for storing
energy and creating instabilities that suddenly release some of this energy [Sturrock, 19721,

The prediction of such flares with great geophysical effects can improve with the recognition of
the structural and evolutionary similarities among proton flare sunspot groups. Effective forecasts can
be made by simply recognizing the peculiar configurations of such groups. Precise prediction of flare
times, locations and emission characteristics will surely require resl-time analysis of sunspot growth
and motions. High resolution magnetic field data, measured or inferred, is essential in this prediction
process.
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Proper Motion in the Large Sunspot from July 30 to August 10, 1972

by

H. J. Pfister
Swiss Federal Observatory, Ziirich

The large sunspot under consideration was of a type rarely found. It consisted of a large number

of umbrae of different magnetic polarity. All of them were embedded in one of the same penumbra.

Therefore, spots of opposite polarities were close together with Targe field gradients between them.
This is believed to be a configuration favorable for the production of flares. The author has studied
the proper motions of the individual umbrae and has proposed explanations of some of them.

The observational material shows the following characteristics:

1. On 31 July the complex spot group possesses three zones: a north section with southern
polarity, a middle zone with northern polarity, and a south section with southern polarity.
This magnetic field order is stable until 10 August. However, the sizes of the umbrae
change. For example, the C component (Figures 1) shows considerable initial development
but then becomes smaller and smaller.

2. On 6 and 7 August a very unusual observation was made. Within a bright spot in the penumbra,
separate isolated umbrae were seen (this has been verified through photographs).

3. A Tong umbra (D, F in Figure 1) separated into two pieces from 3 to 4 August. This suggests
that much activity was taking place even in the photosphere.

4. From a bright spot in the penumbra on 2 August a huge bay arises until 7 August. Especially
from 6 to 7 August, a major form change occurs. Whether this has something to do with the
massive flare on 7 August is not clear. As we shall see later, there could also be another
explanation.

In Figure 2 the motions of the most important umbrae are shown. The A component is taken as
stationary though the whole group shifts position about 2° northward. Umbra B shows 1ittle "real"
motion ("real" motion here does not consider daily fluctuations, changes of form and inexact meas-
urements). C moves after 5 August about 2° west. D moves eastward until 5 August, then southwest-
ward, After 5 August E travels northwestward. The F component shows the most noticeable motion,
about 3°. It moves towards the southeast after separation from spot D on 4 August.

An exceptionally good photograph of the spot group was taken on 5 August. One can easily
recognize the shapes of the penumbra filaments (see Figure 3). The penumbra filaments (dark) are
streams of matter which flow along the magnetic field (Evershed streams concentrate in tubes of

magnetic fields). When the shape of the penumbra is irregular, i.e., the umbra is not surrounded
symmetrically by the penumbra, these streams can exert forces on the spots (a comprehensive study

is in preparation).
, Let
“ v V =velocity of the Evershed stream
::" ——e
. R R =repulsion force
- K .p., V p= pressure
P 7y <~ ° °

p= density

penumbra filaments

V2 = 0: undisturbed environs

Vl = 1 km/sec. (Evershed effect)
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Fig. 1.

In the development of the spot, north is at the top and west on the left.

magnetic field is given in units of 100 Gauss.
with different magnetic polarities (taken from "Osservatorio Astronomico di Roma"

and "Solar Data, U.S.S.R").
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Fig. 2. Movements of the different umbrae.

Then the force due to a pressure difference is given by the Bernoulli equation:

Then Ap = §‘V§

As Figure 3 shows, such situations are also found within this spot group. The origin of the
bay on the southeast side is the effect of the Evershed streams as shown in the following sketch:

EE 2=
\Qg!!gs\ R,K
Y

R
R B

=

Il €

P

m

The umbra D recoils westwards because of the asymmetric penumbra. Meanwhile, F is moving to the
east because of the asymmetric effects and the stream between F and E (the tangential tide causes
a one-sided pressure reduction as the Bernoulli equation shows (K)). The result is that a bay is
opened between D and F. The structure of the filaments around the E component on 5 August can be
used to explain the change of direction of the motion between 3 and 5 August. A force on B in this
direction is caused by the tangential filaments on the west side. The penumbra on the east side
pushes this sunspot towards the west also. The flow of F towards the southeast is due to a similar

situation. The westward motion of the umbra C starting on 4 August is probably due to the magnetic
force of the umbra D and also a connection between C and A.

OS
7T
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Fig. 3. The penumbra filaments drawn from a photograph in Sterne und Weltraum 10.72
(frontpage) taken on 5 August 1972.

The white Tight flare (WLF) which was seen on 7 August is located in two regions. One is south-
east of the umbra B, exactly on the magnetic boundary Tine. The other is elongated and almost in the
middle of the sunspot group, in a region with only northern polarity.

The next sketch shows an arch filament system [McIntosh, 1972; Rust, 1972]. Considering
Frazier's description of arch filament systems [Frazier, 1972] and Figure 3, we see that at the
northern foot of the arch the directions of the magnetic field are different in the chromosphere
than in the photosphere. This shows that the region between the B and D, F components is magneti-
cally unstable.
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The foot points of the loop on 11 August have a heliographic Tatitude of N9.0 and N12.5 (1530 UT).
At 1300 UT a large spicule was seen exactly in the middie of these positions.

locp
Ml’me

N12.5 N9.0

This means that the southern foot is far outside the spot group and the northern one is near the
middle of it, probably in the Targe bay on the southeast side.

Other sunspot groups showing penumbra filaments which are normal to the connecting Tine of
umbrae of different polarities are also marked by much activity. Such regions must be extremely
unstable.

I wish to thank Prof. Dr. M. Waldmeier for his helpful advice.
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Some Results of Spectrophotometric Studies of Prominences during July and August 1972

by

A. I. Kiryukhina
Academy of Sciences of the USSR
Moscow, U.S.S.R.

In July and August 1972, some prominences were observed on the solar instruments at the
High Altitude Station (h = 3000 meters) of Sternberg Astronomical Institute near Alma-Ata. The
spectrograms were obtained in the 3000 - 4400 A region on ORWO photoggaphic plates Blau Rapid. The
solar image was about 140 mm and the spectral dispersion was about 2 A/mm. Simultaneously the
prominences were photographed by means of the narrow band H¥ filter in the Coude refractor.

The clarity of the sky and the high optical quality of the spectrograph along with the great
solar activity made it possible to obtain fine spectra. For almost all the prominences on these
spectrograms the metallic lines are seen. Furthermore, the continuous spectrum in the visible region
and beyond the Balmer limit was observed on the spectrograms of some of the prominences. Usually the
continuous spectrum of prominences can be observed only during total solar eclipses.

Table 1 shows a list of observed emission lines of prominences. The wave lengths were taken from
Rowland's table.

Table 2 provides information about the observation of 19 prominences which occurred between
26 July and 14 August. [See SGD, 1972 a, b for solar region identification.]

From the present observations it was found that the brightness of prominences, their structure,
the line profiles in them and the degree of ionization as defined by the intensity ratio of the He and
H lines are different for different prominences.

On Figure 1 one can see the Ca® - H and ca® - K lines spectra of two different parts of the
prominence near 70W on 12 August. In one of them, at 70W, the emission lines have regular forms and
indicate the absence of line-of-sight motions in the prominence. Nearby there were two surges moving
in the line-of-sight with velocities of 30 and 90 km/sec, respectively. 1In the other part of this
prominence, at 65W, the emission lines show fine structure which indicates line-of-sight velocities
between 30 and 120 km/sec.

65 W

70 W

K H H
€

Fig. 1. Hg, cat -H and cat -K line spectra of two different parts of
the prominence near 70 W on 12 August.
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Table 2

Date 1972 Observation Position Angle¥ Prominence Lines Comparison of central Remarks regarding
Time UT Observed intensities of Hec and HS continuum spectrum
July 27 0300-0400 and 140 © H,He,Mg,Ca™, i Fe He>>Hy all over the
1000-1100 prominence
July 27 0400-0500 65 E H,He,Cat,TiT Hey =Hg in the dense
part
July 29 0200-0500 140 B H,He,Cat, it He>>Hg all over the
prominence
July 30  0100-0530 145 & H,He,Ca 11t Hep>>Hy all over the
prominence
July 30 0530-0600 70 E H,He,Ca¥, Mg, 11" He, <Hg in the dense
(near Region part
976) Hec =H8 in the part
with fine
structure

Hez; >H8 on the edge

July 31  0100-0420 85 W H,He Mg,Al Ca, Ca HeE<<H all over the
(over Region 1+ Cr,crt sMn, Mot ,Fe prominence
972) Fet,Co,Ni,SrF
July 31 0420-0600 65 E H,He,Mg,Ca™, 71" Hey =Hg in the dense
part
Heg >H8 on the edge
August 1  0330-0400 120 E H,He, Mg, cat it crt Her <Hg in the dense
Fe Fe part
HeC >H8 on the edge
August 2 0200-0500 95-110 W H,He,Mg,Al,CaiCa+ Hec <H8 in the dense continuum in the
Ti+,Fe,Fe ,8r part visible region and
Heg =H8 in the part Balmer continuum
with fine
structure
HeC >Hg on the edge
August 4  0200-0400 100 W H,He,Mg,Ca™, 117, He, <Hg in the dense
Cr',Fe,Fe" ,Ni ) part

Her =Hg in the part
with fine
structure

Hec >H8 on the edge

August 10 0200-0500 and 120-130 E H,He,Ca+,Ti+ Hep >H8 all over the
0930-1100 i prominence
August 10  0500-0800 75 W H,ge Mg,Al, cat ,T1 Hep =H, in the dense
(near Region Cr ,Fe,Fe ,Ni, set 8 part
976) He >Hg on the edge
+
August 12 0200-0500 70 W H,He, Mi ,Al,Ca,Ca , " Hep =Hg in the dense Balmer continuum
0515-0600 (near Region  Tit*,Ccr’ Fe,Fe™ Ni,sr part
976) Hep >Hg on the edge
August 12 0635-0800 75 E H He Mg,Al Ca,Cat, it Her <Hg all over the
crt,Fe,Fet, Ni, s+ prominence
August 12 0840-0900 140 E H,He,Ca™ Hep >Hg all over the
prominence
August 13 0300-0500 80 E H,He,Mg,Al,Ca, Ca ,Sc Hec <H8 all over the continuum in
Tit sV, CryCrT,Mn, Mn ,Fe, Fe prominence visible region,
Co,Ni, Sr Zr+ Balmer continuum
August 13 0530-0600 140 E H,He,Ca™ Hep>>Hy all over the
prominence
August 14 0200-0430 85 E H,He,Cat Mg, Ti" Her <Hg all over the
prominence
August 14 0500-0515 65 E H,Be,ca’ Her >Hy all over the
prominence

* Position angle is measured from North to South along the East and West solar limbs.
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Figure 2 shows the spectrum of the bright prominence at 85W on 31 July over Region 972 [SGD, 1972a].

Figure 3 shows the spectrum of the prominence on 13 August at 80E. 1In the spectrum of this
prominence it is obvious that one can see all the lines given in Table 1, including the Balmer lines
from Py to H,,. Besides, continuum was observed in the visible region and at the Balmer limit.

Figure 4 shows the spectrograms of several prominences in the HeC and Hg lines.

HecHB

K Cat

30,07,72

29.07,72.

12,088,772

K ca*

31.07.72

He H
©8 Fig. 4.

On the basis of these observations we should like to study whether the intensity ratio of the Her
and Hg lines depends on the kinetic temperature or only on the fine structure of the prominence. The
preliminary results of this study have shown a clear correlation between the ratio of Her to Hg and
the fine structure of the prominences. Fine structure is noted in prominences where the Her line is
brlghFer than the Hg line. On the contrary, in dense prominences, the Hg line is brighter than the
Her line.

In the future we intend to investigate the profiles of emission lines in different prominences
and to determine the kinetic temperature from the halfwidths of these lines and their variations
inside a prominence.

Furthermore, we should like to define the kinetic temperature by studying the energy distribution
in the continuum at the Balmer limit. Additionmally, the central intensities and equivalent widths of
the prominence emission lines will be measured.

REFERENCES

1972 a Solar-Geophysical Data, 337, Part I, September 1972,
U.S. Department of Commerce, (Boulder, Colorado,
U.S.A. 80302).

1972 b Solar-Geophysical Data, 338, Part I, October 1972,
U.S. Department of Commerce, (Boulder, Colorado,

U.S.A. 80302).
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Contribution of Meudon to the Observations of the August Solar Events

by

M. J. Martres
Observatoire de Meudon
Meudon, France

During August 1972, the favorable weather in Meudon allowed a great number of optical observa-
tions on the very interesting spot group 1590-42 (Synoptic Maps), McMath region 11976. Most were
obtained with the routine program of observations: Ha, Kiys and Kq spectroheliograms; flare patrol

films; maps of Doppler and Zeeman effects; white Tight mages of spots; heliograms in three wave-
lengths; automatic patrol in the Ha Tine.

The gathering of all these data by one staff is a considerable advantage. Radio data recorded
at Nancay are kept at Meudon where they are studied by radio astronomers. They allow an early
analysis and comparison, and a posteriori comprehensive study and synthesis work.

The active center situated at NI12 in Tatitude and 10® in heliographic Tongitude (Carrington
coordinates) has been particularly well-observed around the world. Thus we shall show here only two
examples of information about this center obtained from a combination of observations.

The Tirst one is an historical study of the activity of the solar region and of the evolution
of the center itself. Figure 1 drawn from Synoptic Maps summarizes the situation:

(a) At the end of rotation 1588 the region appeared free of any disturbance.

(b) On rotation 1589, an Active Center (No. 42) was born on the back side of the sun
and decreased during disk crossing (N10, Carrington longitude 12°). Another active
Center (No. 43) appeared on 12 July in the western hemisphere and was growing on its
Timb crossing (N12, Carrington longitude 9°)., This situation is well-defined in
Figure 2A.

At this Tatitude, the differential rotation being near zero, the conditions are present for the
existence at the East Timb, thirteen days later, of a complex active region issued from the inter-
action of the two mixed centers [Martres, 19687].

(c) On rotation 1590, the analysis was well-reported by many authors.
(d) On rotations 1591 and following, it is interesting to note:

1. The appearance, successively, of many juxtaposed. active centers and their
positions at increasing distance from the group 1590-42.

2. The duration of the whole perturbation of the region which lasts about 7
rotations.

The second example is an attempt to compare the three main flares observed during rotation 1590,
on 4, 7 and 11 August.

Let us pay attention to several points:

(a) The two very bright points or ribbons from which the flash phase starts are always
exactly situated at the same mean coordinates: N13, Carrington longitude 10°, that is
to say at the right point of the contact between the two centers No. 1589-42 and 43
(points marked by arrows on Figures 3 and 4),.

(b) Note how poorly the transformations are reflected by the faculae and the filaments
(Figure 2B). No "disparition brusque", even transitory, is observed. The greatest
modifications are those which concerned the relative dimensions of the umbrae of the
spots and their relative disposition. In the Tong term, it is necessary to take into
account the appearance to the South of the "filaments-sourcils" and their growing
distance to the spots.

(c) The recording of the flare which occurred on 11 August on the West Timb seems parti-
cularly interesting (Figure 5). Each minute we recorded three successive images with
the three wavelength automatic patrol, in the center of the line and at + 0.7 A, with
a three second delay between successive images.
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The approximate position of the flare (reported on the spots observed the day before) seems
nearly homologous with those of the other major flares.

This observation gives us new indications about motions tied to the flare itself:

1. vertical component (projection on the sky).

2. horizontal component (on Tine of sight, by Doppler shift).

These data strengthen the idea of a preponderance during a flare of vertical motions over
horizontal ones.

REFERENCE
MARTRES, M. J. 1968

Origine des régions actives anormales, I.A.U. Symposium .
35, 25.
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July 8, 1972

July 12, 1972

August 3, 1972

August 9, 1972

Fig. 2A and 2B. Ky and Ha Spectroheliograms taken at
t%e Meudon Observatory for heliographic
latitude N12 and 10° Carrington longitude.
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0620 UT

0622 UT

0626 UT

0627 UT

0630 UT

0642 UT

August 4, 1972

0650 UT

0655 UT

0700 UT

0715 UT

0732 UT

0956 UT

Fig. 3. Heliographic photographs taken at Haute
Provence Observatory
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August 7, 1972

1317 UT 1522 uT
1428 UT 1527 UT
1445 UT 1541 UT
1507 UT 1558 UT
1513 UT 1625‘UT
1518 UT 1755 UT

Fig. 4. Heliographic photographs taken at Haute Provence Observatory.
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Hue0,754 M a0 754

10 August 1972

1010 UT
11 August 1972

1156 UT

1213 UT

1217 UT

1218 UT

Fig. 5-1. Heliographic photographs in variable wave-
lengths taken at Meudon.
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Ho~-0.75A Ho Ho+0.75A
11 August 1972
1219 UT
1220 UT
1224 UT
1232 UT
1234 UT
Fig. 5-2. Heliographic photographs in variable wave-
Tengths taken at Meudon.
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11 August 1972

1236 UT

1238 UT

1239 UT

1240 UT

1244 UT

Ha-0.75A He Ho+0.75A

Fig. 5-3. Heliographic photographs in variable wave-
lengths taken at Meudon.
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11 August 1972

1245 UT

1249 UT

1252 UT

1300 UT

1309 UT

Fig. 5-4. Heliographic photographs in variable wave-
Tengths taken at Meudon.
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A Photographic Record of Solar Activity from 5 to 13 August 1972 at Manila Observatory

by

Francis J. Heyden, S.J.
Manila Observatory, Republic of the Philippines

Weather conditions in the Philippines during the months of June and July of 1972 will be memor-
able for the unusual amount of rainfall, especially in the region of the island of Luzon just north
of the city of Manila. Observations of the sun kept the staff of Manila Observatory on the alert
for the brief random intervals between clouds when the sun could be observed. The following photo-
graphs show most of the results that were obtained just before and after the flare of importance
3B which occurred on 7 August at 1500 UT.

The hydrogen alpha filtergrams (Figures la and 1b) do not show extensive changes until about
twelve hours after the occurrence of the flare. Changes in the filaments are evident, especially
in the Targe one in the north central part of the disk. This one broadens and darkens appreciably
on 9 August. The spectroheliograms (Figure 1c) show just about the same details but with better
resolution.

The calcium II (K) spectroheliograms in Figure 2 reveal this same large filament and its inva-
sion into the plage area around the spot group 331 on 8 and 9 August. The general brightening of
the plage areas over the center of the disk may be due more to photographic effects and sky trans-
parency conditions than to actual changes on the sun.

Moreton's lapsed time films (shown at the IAU meetings in California in 1960) of solar flares
showed the sensitivity of sunspots to a wave of fast particles from a solar flare. Fortunately,
observers at both Manila and Baguio were successful in obtaining photographs of the very large
group of spots (331) from 5 to 11 August (see Figures 3a and 3b). The weather during this period
was mostly overcast.

Changes in the internal features of the group were obvious as might have been expected with
such a violent flare occurring almost in coincidence. The greatest differences appear in the photo-
graphs of 0030 UT and 2248 UT on 7 August. The overall penumbra shows an extensive change, espe-~
cially in the northeast. The entire group appears to have been drifting southward in Tatitude until
stopped by the flare. It paused for about twenty-four hours and then resumed its downward trend.
ATl umbrae seemed to move eastward and then to continue downward. Figure 4 and Table 1 show roughly
this trend of the members of the sunspot group. The letters designating the individual umbrae have
been taken from NOAA Technical Memorandum of 22 December 1972, page 109.

Prominences were monitored in the H-alpha spectroheliograms (Figures 5a, 5b, 5¢c and 5d). Both
of the bright plage areas, 331 and 337, were associated with moderate ‘activity on the NW Timb. Later,
a large mound prominence persisted over the area 331 for more than two days. A large array of loops
appeared over 337 on 8 August and Tasted apparently about twenty-four hours.

These were not visible on the spectroheliograms made at Manila on 6 and 7 August. The weather
on these days was quite windy and prevented a steady image during the scan in H-alpha.

The greatest activity of the prominences during this period appeared on 13 August at about 0133
UT. At this time two pairs of loops appear on the east and west limbs of the southern hemisphere.
The remarkable active prominence in the WSW produced a massive eruption.

On 15 August when the next spectroheliogram could be obtained in Manila, a very large loop prom-
inence hovered over the WSW Timb, while the rest of the solar Timb seemed to remain very quiet.

Observers Angel Ambion and Anthony Medrano have contributed much time and effort in preparing
the photographs presented in this report. ’
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7 August 1972 7 August 1972
0305 UT 0509 UT

7 August 1972 7 August 1972
0556 UT 0604 UT

7 August 1972 8 August 1972
2331 UT 0205 UT

8 August 1972 9 August 1972
0821 UT 0300 UT

Fig. la. Ho filtergrams from Manila Observatory for
the period 7-9 August 1972.
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H o FILTERGRAMS

N
— — W —
9 August 1972 9 August 1972
0821 UT 0835 UT
10 August 1972 13 August 1972
0302 UT 0316 UT

Fig. 1b. Ho filtergrams from Manila Observatory for
the period 9-13 August 1972.
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6 August 1972 7 August 1972
0655 UT 0515 UT

8 August 1972 9 August 1972
0145 UT 0055 UT

10 August 1972 11 August 1972
0105 UT _ 0652 UT

13 August 1972

15 August 1972
0133 uT 0805 UT

Fig. lc. Ha spectroheliograms from Manila Observatory
for the period 6-15 August 1972.
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W

6 August 1972 7 August 1972
0625 UT 0025 UT

8 August 1972 9 August 1972
0002 UT 0040 UT

10 August 1972 11 August 1972
0200 UT 0550 UT

13 August 1972 15 August 1972
0122 UT 0755 UT

Fig. 2. Calcium II (K) spectroheliograms from Manila
Observatory for the period 6-15 August 1972.
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5 August 1972
2330 UT (Manila)

7 August 1972
0030 UT (Manila)

8 August 1972
0000 UT (Manila)

8 August 1972
2236 UT (Baguio)

6 August 1972
0110 UT (Manila)

7 August 1972
2248 UT (Baguio)

8 August 1972
0113 UT (Baguio)

8 August 1972
2244 UT (Manila)

Fig. 3a. Sunspot observations of group 331 from
Manila and Baguio Observatories for the

period 5-8 August 1972,




10 August 1972 10 August 1972
0027 UT (Manila) 0110 UT (Baguio)

11 August 1972
0157 UT (Baguio)

Fig. 3b. Sunspot observations of group 331 from
Manila and Baguio Observatories for the
period 10-11 August 1972.
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7° 8 9 10 11 12 13 Long. (Carrington)

Fig. 4. Complex movement of spots in spot group 331 during the period
5-10 August 1972. 3B flare occurred 1500 UT 7 August 1972.

Table 1
(Carrington longitude is used)
Umbra
1972 Position
AUgUSt A1 A, B]_ B, C D E F )
Lat Long | Lat Long | Lat Long | Lat Long | Lat Long | Lat Long | Lat Long | Lat Long
5 N14 12 N15 11 N13 10 N13 8 N12 11 N16 10 N15 8 N6 11
6 14 13 15 12 13 11 14 g 12 11 16 10 6 9 16 12
7 12 13 13 12 11 11 12 9 10 12 15 11 14 9 14 12
8 12 11 14 10 11 10 12 7 10 11 15 9 15 7 15 10
9 12 11 13 10 10 10 11 8 9 11 14 10 14 8 14 11
10 12 11 13 11 11 11 12 10 10 12 14 11 14 10 14 11

Latitude and Tongitude estimates to nearest degree,
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0145 UT gggztU?n

R WNW

v w

Fig. 5a. H-alpha spectroheliograms showing prominences
during the period 8-9 August 1972.
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11 August 1972
0652 UT

ENE

SE NE

Fig. 5b. H-alpha spectroheliograms showing prominences
during the period 11 August 1972.
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13 August 1972
0133 UT

WNW SW

WSW SE

Fig. 5c. H-alpha spectroheliograms showing prominences
during the period 13 August 1972.
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13 August 1972

ENE NE

Fig. 5d. Continuation of Figure 5c.
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Flares and Active Prominences Observed at Catania from
July 26 to August 14, 1972 in the MM11976 Region

by

G. Godoli, V. Sciuto, and R. A. Zappala
Osservatorio Astrofisico di Catania
Consiglio Nazionale delle Ricerche, Italy

Introduction

Data on the flares and active prominences observed at Catania in the MM11976 region (N12,
Carrington longitude 15°) in the July 26 - August 14 period are given., Observations made during the
Catania solar patrol were performed with a Zeiss Wy filter fed by a single aspherical lens (15 cm/
222 em). Light and area curves of the greatest optical event (August 4) are given.

Flare Activity

The active region 11976 appeared on the east limb on July 28, but flare activity observed at
Catania began on August 1 and continued as indicated in Table 1. Daily hours of observation are
shown in Figure 1.

The following data, computed on a CDC 6600, are given for each flare in Table 1:

DATE month, day
TB F UT of the beginning of the flare
0 UT of the beginning of the observation
TE F UT of the end of the flare
0 UT of the end of the observation
™ UT of the maximum of the flare
LAT heliographic latitude
L heliographic longitude
IMP flare importance according to the international rules
0 P partial observation
C complete observation
T UT of the measurements
AP projected area at maximum in millionths of the solar disk
AC corrected area in square degrees
(if the heliocentric angle is smaller than 65 degrees)
F maximum intensity referred to the local undisturbed chromosphere
R remarks according to the international rules
Table 1
Flare Activity Observed at Catania
DATE B TE ™ LAT L [IMP | O T AP AC F R
07 31 |0 0700 O 0710 0700 15 =63] SN [P 0700 |0022.5 00.56 | 1.91
08 01 | F 0705 0O 0830 0705 13 =47| 1B | P 0705 |0224.8 03,55 |2.19 TZ
F 0920 F 1215 0935 13 =45 1B | C 0935 |0179.9 02.74 |3.02 T2
08 02 | 0 0505 F 0800 0515 | 13 =35|'2B | P 0515 [0674.5 08.86 | 2.88 7
08 04 | F 0525 F 0905 0633 15 =08| 3B |C 0633 |1461.5 16.03 | 5.37 7%
F 1310 0O 1340 1315 03 01| SB|P 1315 [0134.9 01.40 |2.34
08 05 | F 0655 F 0705 0655 13 04} SN |C 0655 |0067.5 00.72 | 1.66
F 0710 F 0725 0710 15 11] SN |C 0710 |0084,3 00,93 |1.78
F 0820 F 0840 0820 16 11] SN | C 0820 |0078.7 00.87 |1.86
F 1245 F 1310 1245 17 08| SN |C 1245 |0056.2 00.62 |1.86
08 06 | F 0825 0O 0845 0830 12 18| SN | P 0830 |0039.3 00.44 |1.95
08 07 | 0 1055 F 1155 1105 15 341 1B | P 1105 {0382.2 05,03 | 2.14
F 1200 F 1240 1205 14 331 1B |C 1205 | 0252.9 03.27 | 2.51
F 1445 0 1505 1455 13 35| 1B | P 1455 |0196.7 02.59 | 2.24
08 09 | F 1025 F 1035 1025 17 65| SB |C 1025 [0016,9 00.45 | 2,19
08 11 | F 0550 F 0600 0550 14 90| 1B | C 0550 |0056.2 === 2.75
F 0800 F 0805 0800 14 90| SN | C 0800 |0039.3 =—=—m——m 1.74
F 1235 0 1240 1235 13 90| 1B | P 1235 |0112.4 ——-—— 3.09
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Prominence Activity

Active prominences associated with region 11976 were observed at Catania on July 28, 29, and
August 10, 11 as indicated in Table 2.

The following data are given for each phenomenon in Table 2:

DATE month, day
TB P UT of the beginning of the phenomenon
0 UT of the beginning of the observation
TE P UT of the end of the phenomenon
0 UT of the end of the observation
LAT heliographic latitude
L heliographic longitude
I importance according to the international rules

Table 2

Active Prominences Associated with Region 11976

DATE TB TE LAT L I
07 281 0 1405 P 1415 1 ~90 | 1~
07 29| P 0600 P 0725 12 =90 | 1-
P 0845 P 0925 10 =90 |1
P 1045 P 1055 14 =90 | 1-
P 1135 P 1145 1 =90 | 1~
0 1315 P 1335 10 -~90 | 1~
P 1445 0 1505 11 =90 | 1~
P 1455 0 1800 170 =90 |1
08 10| P 1240 P 1310 12 90 | 1-
08 11 | 0 0520 P 0605 14 90 | 1—
0 0625 P 0630 11 90 | 1=~
P 0735 P 0950 12 80 | 2
P 1035 P 1200 10 90 | 2
P 1220 0 1505 12 90 | 3

August 4 Optical Event

The Hy flare had two ribbons, shown in Figure 2. The configuration is typical for proton flares.
The first ribbon of the flare is located outside the sunspot penumbra, while the second is
located on the penumbra. The two ribbons were studied separately.

In Figure 3 the projected area measured from prints (solar diameter 24.5 cm) is given versus
time for the two parts of the flare. We note, that the area of ribbon 1 is always greater than that
of ribbon 2. We note also that there is a shift of 10 minutes between the maxima of the two curves.

The intensity behavior of the flare was studied with the Catania Astrophysical Observatory's
Jena microphotometer. From this study we deduced the presence of several kmots having shifted light
curves. In Figures 4a and 4b the light curves of the most active knots of the two ribbons are given.
The intensity of the two knots was measured placing the microphotometer slit on the two circles drawn
on the ribbons in Figure 2.

We note from the two light curves that the smaller ribbon has on the average the same intensity
as the greater and that the two light curves do not show the shift in time of the maxima shown by the
area curves.
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Fig. 2. Picture of the Hy flare of August 4 near maximum; circles show the posi-
tion in the two ribbons in which intensity measurements were taken
(0635 UT; @ 48 cm).
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Coronal Magnetic Field Maps, before, during, after the
Period 26 July to 14 August 1972. (Current-free approximation).

by

M. D. Altschuler and D. E. Trotter
High Altitude Observatory
National Center for Atmospheric Research
Boulder, Colorado 80302

Using the Tine-of-sight magnetic fields measured by the magnetograph of the Hale Observatories,
we have calculated the coronal magnetic fields for the period 26 June to 1 September 1972 in the
current-free approximation. The method used is described in Altschuler and Newkirk [1969] (see in
particular Section 6).

The accompanying figures show the contributions to the coronal magnetic field of the strongest
photospheric magnetic regions. Both polar views fooking down on the north pole of the solar rotation
axis and stereo views from a vantage point in the plane of the solar equator are shown.

We note that after the flares, the strong magnetic fields (both photospheric and coronal) to

the east of the flare region have disappeared. We suspect from these results that the August 1972
flares had a large-scale (global) effect on the solar magnetic field.

REFERENCE

ALTSCHULER, M. D. and 1969 Solar Phys., 9, 131
G. NEWKIRK, JR,
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180°-

NORTH POLE 270° NORTH POLE

270°
CENTRAL DATE=1972 S §  ROT.1589

CENTRAL DATE=1972 AL 23  ROT.1590

I
NORTH POLE 270° NORTH POLE 270°

CENTRAL DATE=1972 AUS 5 ROT.1590 CENTRAL DATE=1972 AUG 19 ROT.1591

Fig. 1. Potential coronal magnetic fields as viewed from above the north
pole of the sun at two week intervals between 26 June and 1 September
1972. Carrington longitudes are indicated around the circumference

of each picture. The arrow shows the longitude at which the August
1972 flares occurred,
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Occurrence of the Aupust 1972 Proton-Flare Region in the
Frame of the Large~Scale Magnetic Field Regularities

by

V. Bumba
Astronomical Institute of the Czechoslovak Academy of Sciences
Ondrejov, Czechoslovakia

In connection with the occurrence of the August 1972 proton-flare region, we would like to present
a short comment on a complex figure representing the time-series of large-scale photospheric magnetic
field development in the form of synoptic charts. The negative and the positive polarity fields are
shown on separate charts.

There exists a number of papers and notes [Bumba, Krivsky, Sykora 1972; Bumba 1972 a, b; Bumba,
Sykora 1972 a, b] which try to show that the location of large particle emitting flares is closely
related to a characteristic large-scale pattern in magnetic field distribution with life-time of the
order of 8 - 10 solar rotations. These regular features are seen in the negative as well as in the
positive polarity, although their visibility seems to be better in the negative polarity where their
forms are more pronounced without respect to the activity cycle. The form alternates with the location
in the northern or the southern solar hemisphere due to the mutual relations of both polarities and
individual active regions, and to the influence of differential rotation which is smaller in lower and
greater in higher heliographic latitudes.

This situation may be seen again in the case of the August 1972 proton-flare region in relation
to the large-scale magnetic field distribution development, as shown in Figure 1. The preliminary
synoptic charts used in this figure have been drawn from the daily Mt. Wilson magnetic maps. The first
appearance of the pronounced elliptical body in both negative and positive polarity fields may be seen
during rotations 1585 and 1586. This elliptical feature is extended for about 70° in heliographic
longitude and occupies both hemispheres. The second eastward ellipse visible in the negative polarity
field in the northeast part of which the proton-flare region developed, started to develop at the same
time but reached its best visibility only during the time of the proton-flare region occurrence., The
whole characteristic body of negative polarity extends more than 100° in heliographic longitude.
Although the negative polarity is the leading one in the northern hemisphere both ellipses are extended
toward the northern higher latitudes.

These features are not as visible in the positive polarity field distribution, however, their
development may be followed throughout all rotations. The positive polarity extension is toward the
southern higher latitudes.

As in practically all of the cases yet studied, it is characteristic that the whole pattern
disintegrates rapidly during the one or two solar rotations following the rotation with the proton-
flare region.

If we could succeed in having the magnetic synoptic charts promptly, the formation of such charac-
teristic large-scale magnetic field patterns could be used as a predictor of the development of
particle-emitting flare regions. Because of the relatively long life-time of these features such
forecasts could be made well in advance.
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Fig. la. Series of consecutively mounted magnetic synoptic
charts of negative polarity for rotations Nos.
1584-1594. TFor integration two consecutive maps,
one of which is repeated, are overlapped. The
position of the proton-flare region which occurred
in rotation 1590 is shown by the arrows.

78




SOLAR ROTATION
N

1684~1585

1585-1586

1586-1587

1587-1588
Equator

X

JELY o4
TR

1588-1589

1689-1590

1590-159]

1591-1592

1592-1593

1593-1594

Fig. 1b,

The same series of consecutively mounted synoptic
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Magnetic Field Development of the August 1972 Proton-Flare Region

by

V. Bumba
Astronomical Institute of the Czechoslovak Academy of Sciences
Ondrejov, Czechoslovakia

Introduction

Several times [ Bumba, Krivsky, Sykora 1972; Bumba 1972 a, b; Bumba, Sykora 1972 a, b; Bumba 1973]
we have tried to demonstrate that a characteristically long-lived, regular, large-scale (occupying
practically half of the solar surface) magnetic field feature is needed for a proton-flare region to
be formed in a certain position of the field pattern. 1In the present note we would like to do a similar
treatment to show, on a much smaller scale involving only one active region, the development of the
proton-flare region magnetic field throughout the course of several solar rotations.

It has already been found [ Bumba, et al., 1968 a; Bumba, et al., 1968 b] that the formation of a
"gulf" on a boundary of the two polarities of an active region magnetic field, observed with a rela-
tively low resolution of 10" - 20", which takes place usually in the center of a sunspot group having
the Zurich classification type of at least C complexity, is as a rule related to a sudden increase of
the group flare activity. The proton-flare region of August 1972 may be used as an example of such a
situation development.

We obtain still more information by comparing the distribution of photographically estimated mag-
netic fields in visible sunspots with magnetic fields measured photoelectrically for the whole region.

Observational material used

The available daily Mt. Wilson Observatory magnetograms have been used as the basic observational
material. TFor the estimation of magnetic polarity distribution in the sunspot group itself on sunspot
photographs, we took the "Longitudinal sunspot magnetic fields' measured at the Roma Astronomical
Observatory and published in the Solar Phenomena Monthly Bulletin, as well as the "Magnitnie polja
solnethnych piaten' published by the Main Astronomical Observatory of the Academy of Sciences of the
U.5.5.R. in Pulkovo.

Results
A. Magnetic field changes during eight rotations

Figure 1 represents the magnetic field configuration development during several passages of the
studied part of the sun across the visible solar disk. Contrary to the previous paper [ Bumba, 1973]
more details in magnetic field distribution changes and in appearance and disappearance of magnetic
flux with relatively low resolution (17" by 17") may be followed.

One very interesting behavior of the magnetic field situation may be noted: during rotations 1587
and 1588 in this part of the sun there is the normal distribution of the leading (negative) and follow-
ing (positive) polarities in the northern hemisphere. During rotation 1587 there are two large, old,
widely dispersed regions of both polarities with small inclusions of new negative polarity formations
in the old positive fields. During rotation 1588 the situation does not seem to change very much,
although there is a large gap in the observational material. The growing importance of the positive
polarity seems to be detectable. During rotation 1589, one rotation before the proton-flare region
appearance, the observed area is covered mostly by the positive polarity, but there are some remnants
of the older negative polarity from an active region clearly visible one rotation before. This older
negative polarity area, which is the remainder of the leading part of a bipolar region, is located
eastwards from the main body of the mentioned positive polarity at a relatively large distance. No
rotations of both polarities in this part of the observed area seem to be detectable; therefore, there
does not exist any place with magnetic field gradient in the horizontal direction. In the western
part of the positive polarity body the new formation of a bipolar region is clearly visible.

During the most important passage (rotation 1590) of the region across the visible disk the change
in polarity distribution is striking: both polarities we observed one rotation before as widely sepa-
rated are now pushed together with the main boundary between them being tilted to the equator. The
positive polarity is now in the leading position. The main part of the negative polarity, in which the
studied sunspot group developed as an island of positive polarity, now plays the role of a following
polarity. One has to say that a weaker negative polarity area, the remainder of a bipolar region from
the previous rotation, is still visible at the right position for a leading polarity south-west from
the main positive polarity body.
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During the next rotation, No., 1591, the magnetic situation does not show great changes except for
the decrease of gradients, the joining of the island with the main positive polarity area, and the
development of a new positive polarity island. During rotation 1592 the distribution of polarities
due to several renewals of activity is again normal. Renewals of activity are still weaker. 1In the
studied area not only the divergence of both polarities, but also fast disintegration and very soon
the disappearance of practically all magnetic fields is again striking. This may be seen especially
during rotation No. 1594, where this time the remains of the negative polarity prevail.

B. Changes during the disk passage of the proton-flare occurrences

The formation of a gulf on the main boundary of polarities and the formation of an island of one
polarity in the other polarity area seem to be very characteristic not only for the proton-flare
region development, but they are also generally associated with the increase of flare activity in all
regions demonstrating such magnetic field configurations [ Bumba, et al., 1968 a; Bumba, et al., 1968 b;
Rust 1968; 1972]. Only by proton-flare regions may such an island be represented by nearly all sun-
spots of the group.

Following the development of the described situation throughout the whole passage of the region
from the eastern to the western limb we may see that the formation of a positive polarity island is
very probably related to the remnants of the main positive polarity body seen one rotation before.
With the appearance and growth of this island we must also anticipate the occurrence of a new system
of magnetic lines of force which must be orthogonal or even antiparallel to the older system of lines
of force joining the main opposite polarity bodies.,

Fig. 2. The outlines of the visible sunspot nuclei in the proton-flare group drawn from high-
resolution photographs. The polarity estimations are taken from the Roma and Pulkovo
observations, The positive polarity is the darker ome. The nuclei with vertical
hatching are those without polarity estimations.
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C. Development of magnetic polarity distribution in the visible spots of the proton-flare group

The development of the positive polarity island described above is demonstrated in more detail on
Figure 2. The figure represents the outlines of the visible sunspot nuclei in the proton-flare group
drawn from the high resolution photospheric photographs. The data concerning the polarity of indivi-
dual sunspots are taken from photographic measurements (see Section B). Therefore, it is sometimes
difficult to say whether the whole spot has the same polarity. The greatest difficulties were with
the estimation of polarities in small, fast changing nuclei in the center of the group.

The figure presents the unusual situation in the polarity distribution and the fact that the
greatest number of visible spots have the positive (following) polarity. During the whole disk passage
only small changes in the negative (leading) polarity spots are seen, while the greatest and fastest
changes involve the positive polarity spots, where their continuous divergence and diminution is
apparent. In the same time the most stable magnetic field with the highest intensity has the negative

polarity spot.

More time is needed for evaluation of all our high resolution photographs and magnetic field
photographic and photoelectric measurements concerning the study of the past variations of the spot
and possibly the field configuration in the center of the spotgroup.

D. Comparison with flare activity

Studying the development of the magnetic as well as the photospheric situation during the passage
of the group across the visible disk, there seem to be three important moments in the 1ife history of
the group: 1. during August 1, when the development of new formations in the north-west part of the
group started (northward from the spot E), 2. during August 4 or 5 when the development reached its
maximum, and 3. during August 7 when the fast disintegration of the group began. This is in good
agreement with Krivsky's results [Krivsky, 1974] as may be seen on Figure 3 representing the integral
curves of the Ho and X-ray flare activity. The slope of both curves changed for the first time during
August 1, when a fast increase of flare activity occurred. Then starting with the end of August 4
the flare activity throughout August 5 and 6 was relatively small and increased again during August 7.
From August 8 it was small again. The method of construction of an integral flare activity curve
has been recently described [Krivsky, 1973].
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Observations of the Magnetic Fields of the August.1972 Sunspot Group

by

G. A. Chapman
San Fernando Observatory
Space Physics Laboratory
The Aerospace Corporation
Los Angeles, California

The magnetic field observations reported here were obtained with the 61 cm vacuum telescope and
3 meter spectroheliograph of the San Fernando Observatory and show the line of sight component of the
magnetic field. All figures are to the same scale except Figure 4c. The spatial resolution varies
from a typical value of about 3 arc-seconds to as high as about 1.5 arc-seconds on 5 August (Fig. 4).
The cancellation for 8 and 9 August has higher background noise and reduced magnetic signal as well as
loss of spatial resolution in the magnetic field. These difficulties are caused primarily by a wave-
length separation between the two channels of the spectroheliograph [cf. Vrabec, 1971, for a descrip-
tion of the cancellation process]. Along with each magnetogram is presented a '"wing sum" picture in
which the magnetic signal is suppressed. These wing sum pictures will serve to show the penumbral
structures clearly and thereby allow one to better interpret the corresponding magnetogram., Since they
are from the same photograph used for the magnetogram, they have the same resolution and distortion.

The magnetograms compare favorably with those obtained by others [Livingston, 1973; Zirin and
Tanaka, 1973]. The minimum detectable signal is about 30 Gauss/resolution element on 5 August and
somewhat higher on other days. The observations of 5 August are the best of the series from 2-9 August
in resolution, especially within the sunspot itself. TFigure 4a shows the very complex field geometry
that must have existed in this sunspot. There are numerous areas in and near the light bridges (Fig. 4b)
where the longitudinal magnetic field apparently disappears over a small area of several arc-sec extent.
(The gray umbrae have no magnetic signal and should be disregarded.) The crooked feature in the NW
part of the sunspot is apparently real, lying within the penumbra. These irregularities are quite
unusual. The typical penumbral magnetic field pattern is more like that of the large sunspot on the
north side of the group. The irregular field patterns suggest that the magnetic field is highly
curved in places and has strong local variations in strength in other places.

A time-lapse movie 1650 to 0035 UT on 5/6 August shows extensive outflow of magnetic structures at
the edge of and somewhat beyond the penumbral boundary, especially on the west (right) side.

During the period 2-6 August, while the sunspot group changes greatly, a moderate-sized pore can
be seen just west of the main group of sunspots., This pore does not change position very much, and
the nearby network magnetic fields preserve some of their identity during this same period. Therefore,
it is concluded that the large sunspot group is like an isolated system having little or no interaction
with the surrounding network magnetic fields.,

The photographic cancellation and printing was done mostly by R. Maulfair. This work was
supported by the company-financed research program of The Aerospace Corporation.
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Fig. 1. Photospheric Network (unpolarized) seen in the wing of the Mgl 518410& on 2 August 1972 at about 2350 UT.
This network shows the location of the photospheric magnetic field. The correct polarity must be determined
from other sources.
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Fig. 2a. 61032 Magnetogram on 3 August 1972 (4 Aug., 0110 UT)., White polarity is plus.
North is up and east is to the left in heliocentric coordinates.

Fig. 2b. The scale is nearly the same in all figures and is shown in Figure 5a. 61034 wing
sum on 3 August 1972. The contrast has been kept low in order to show t

he umbra-
penumbra boundary.
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Fig. 3a. Magnetogram in 61034 on 4 August 1972 at 2234 UT.

N

Fig. 3b. Wing sum in Ca T 6103 on 4 August 1972.
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Fig. 4a. Magnetogram in 61034 on 5 August 1972 at 1730 UT.

N

‘Fig. 4b. Wing sum in 6103& on 5 August 1972.
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Fig. 5a. Magnetogram in 6103 on 6 August 1972 at 1947 UT. The two channels were not at the
same position in the line resulting in uneven cancellation and high background noise.

Fig. 5b. Wing sum in 61034 on 6 August 1972.
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Fig. 6a. Magnetogram in 61034 on 8 August 1972,

Fig. 6b. Wing sum in 61034 on 8 August 1972.
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Fig. 6c., Continuum - He Dq on 8 August 1972 at 2211 UT.
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Fig. 7a. Magnetogram in 6103& on 9 August 1972 at about 2130 UT.

N

Fig. 7b. Wing sum in 61034 on 9 August 1972,
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Photospheric_and Chromospheric Magnetograms Related to the 3B Flare of 4 August 1972

by

W. C. Livingston
Kitt Peak National Observatory
Tucson, Arizona

Kitt Peak does not maintain a daily solar patrol and it was only by chance that
the events of 2 - 4 August were covered. The magnetograph was scheduled for those three
days and the uniqueness of McMath #11976 commanded our attention. Occasional full-disk
magnetograms, taken in connection with other programs, provide a fragmentary but useful
picture of the general birth, evolution, and decay of the region.

THE OBSERVATIONS

Table T catalogues our magnetograph data on #11976. Our photospheric magnetograms
are derived from the Zeeman effect in the wings of Fe I A5233, a medium strong, high
excitation Fraunhofer line [Livingston and Harvey, 1971]. The profile of Fe I 15233
shows negligible changes between quiet photosphere, faculae, and penumbra conditions
and magnetograph response is linear to greater than 3000 G. However, in a sunspot
umbra Fe I A5233 deepens and becomes contaminated with molecular lines causing a
signal saturation at about 1200 G. Observational points for umbral light are thus cut
off at the 1200 G level.

Magnetograms are presented either as contoured isogauss maps or as CRT produced
intensity plots. Isogauss maps are useful for estimating field gradients, position of
the neutral line, and other quantitative but low Tesolution aspects. Intensity
pictures convey best the structural details, particularly when the achieved resolution
is high. Positive flux is indicated bright, negative dark. As the magnetic informa-
tion and mean brightness are derived simultaneously from the spectrum line wings, the
corresponding maps coincide exactly.

COMMENTS AND CONCLUSIONS

Birth of McMath #11976

The region emerged on 10 July as a just detectable bit of negative flux within the
extensive field of positive flux making up the "following" field of #11947. This posi-
tion of emergence can be identified on the previous day as being on the edge of a
remarkably unipolar, well-developed network cell. By 11 July this EFR had developed a
definite bipolar character having normal polarities. Our records then jump to 14 July
when the region had greatly expanded and assumed the reversed polarity which then
persisted over its subsequent life.

Evolution During 2 - 4 August

Isogauss maps for 2, 3, and 4 August are reproduced as Figures 1, 2, and 3.
Notable is the growth of fields related to the NE spot and the intrusion of these
negative fields into the lower latitude positive flux. This intrusion produced a
monotonic increase of the line-of-sight gradients over the dates covered, not with-
standing intervening major flare activity. On 2 August we deduce a maximum gradient
of 0.4 G/km, on 3 August 1.0 G/km, and on 4 August 1.5 G/km. Of course, these
observed gradients, being uncorrected for image smear, depend very much on atmospheric
seeing.

Magnetic Fields and the 4 August Flare

The great flare of 4 August began at 0621 UT, around midnight local time.
Fortunately, quality magnetograms were obtained of the region late the previous
afternoon and early the following morning, providing a coverage of £ 7 1/2 hours of
the event.

A comparison of these pre- and post-flare magnetograms indicates no significant
diminution or simplification of the fields as has been reported in connection with
other great flares. In fact, because of improved seeing the post-flare magnetogranm
shows stronger, more complex field structure than pre-flare. We conclude that if a
flare induced alteration of the magnetic field does exist, its detection requires
better time resolution and a more uniform spatial resolution than allowed by our
records.
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TABLE I

Available Longitudinal Magnetograms

Date UT Type Line Comment
9 July 1343 full diskl Fe I A5233 good seeing, no evidence
of #11976
10 July 1534 full disk Fe I A5233 #11976 as EFR
11 July 1534 full disk Fe I A5233 #11976 as EFR
14 July 1601 full disk Fe I X5233 #11976 definite polarity
reversal
2 Aug. 2118 area’ Fe T 15233 post max. flare in
progress
2 Aug. 2127 area Fe I A5233 post max. flare in
progress
2 Aug. 2140 area Fe I A5233 post max. flare in
progress
2 Aug. 2207 area Fe I A5233 post max. flare in
progress
%3 Aug. 2309 area Fe 1 A5233 ~7" before 0621 flare
*4 Aug. 1408 area Fe I A5233 ~7% after 0621 flare
*4 Aug. 1437 area Fe I 15233 exceptional quality
#4 Aug. 1511 area HB 24861 chromospheric
1605 area Mg A5173 wing upper photosphere
1713 area Mg A5173 core extreme lower
chromosphere
1809 area Fe I A5233
1905 full disk Fe I 15233
6 Sep. 2346 full disk Fe I X5233
27 Sep. 1753 full disk Fe I A5233 CMP of old #11976
Notes: Reproduced herein

A1l full disk scans are made with scanning element area
As=(2.4 arc-sec)?

Local area scans are centered on spot group.

The size:

Aa=9 arc-min; AS=8 arc-min; the element area As=(1.2 arc-sec)?

(except 1437:

sec)?).

Ao=4.5 arc-min; A8=4 arc-min; As=(0.6 arc-

This instrument resolution is further degraded in variable
amounts by atmospheric '"seeing', imperfections in optical
focus, etc.
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One curious field anomaly is noted on the 4 August records (see arrow, Figure 4).
Spanning a fair portion of the positive flux is a feature describable as a double
furrow, i.e., a linear alignment of enhanced flux bordered by troughs of reduced
strength. Unlike the umbral related flux, this double furrow does not correlate in
detail with any brightness (white light) formation. The double furrow was not dis-
tinctive on pre-flare magnetograms, and by 6 August had broken up according to an
excellent Aerospace magnetogram (courtesy G. Chapman). A superposition of Ha flare
films taken at Tel Aviv (courtesy H. Zirin), show that the double furrow best matches
the positive field side of the two strand flare.

J. Harvey has suggested that the double furrow may represent the establishment of
conditions for a current sheet. Presumably the surrounding umbral fields are inter-
connected and closed. However, the central enhancement between the furrows is conjec-
tured to be a source of open field lines.

On 4 August magnetic observations were also obtained in Mg A5173 and HB in an
effort to determine the height dependence of the fields. The Mg A5173 maps are identi-
cal with the photospheric maps within the limitations imposed by seeing. However, the
HB record does have distinctive characteristics. In general the chromospheric magnetic
elements are diffuse compared to photospheric, possibly indicating a general divergence
with height. Of initial interest was the apparent almost point-like reversal of field
over the NE umbra seen in Figure 5 [Livingston, 1972]. However, magnetograph response
in HB depends critically on Doppler error, and a displacement corresponding to 10 km/s
downward will produce the observed reversal. Indeed, multislit spectra obtained for
this region at Lockheed Solar Observatory (courtesy H. Ramsay and S. Smith) indicated
umbral downflows of this magnitude. Therefore, the field reversal hypothesis was
rejected.

Decline of McMath #11976

The interval 2 - 4 August saw the increasing emergence of negative flux along the
western, or preceding, edge of the region. Had this trend continued the group would
have reverted to a normal sense of polarity. This seems not to have happened. The CMP
of #11976 on 27 September shows dissipated fields that continue to have a sense of
reversed polarity.

SUMMARY

1. McMath #11976 emerged between 9 and 10 July. The polarity appeared at first
normal but soon reversed.

2. Within our time resolution of 7 hours the flare of 4 August produced no
diminution or alteration of field structure.

3. A field anomaly has been identified, possibly as the source of a current sheet
connected with the western side of the double strand flare of 4 August.

4. An apparent chromospheric field reversal with height above the NE umbra was an
instrumental effect.

5. The overall reversed polarity aspect of #11976 continued through its declining
stages.
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three stations of the Solar Department of the Sternberg Astronomical Instltute.

Observation of the Flares of August 1, 2, and &4,

1972

by

G. F. Sitnik, A, I. Kirjukhina, O. N. Mitropolskaja, I. F. Nikulin, G. A. Porfirjeva,
V. S. Prokudina, E. M. Roschina, A. I. Khlistov, T. P. Khromova, and G. V. Jakunina
Academy of Sciences of the USSR
Moscow, U.S.S.Re

Spectra and filtergrams of the major flares of August 1, 2, and 4, 1972 were obtained by the

stations are given in Table 1.

group.

without detailed analysis,
HS-lines can obviously be seen (see Fig. 1).

Details of these

Wlth the first instrument (see Table 1) spectra of the studied flares in 3850- 3960A 4250~ 4350A
4770 49OOA 5090~ 5208A, and 6400~ 664OA regions were obtained.
1.6&/mm dispersion.

Exposure times were from 1 to 30 seconds.

The last one was photographed with a

The flares developed in a complex group of sunspots and extended over a large area around the

Dark ejections were observed in some parts of the Hy line.
different parts of the active region, and its position was accurately fixed.

The spectrograph slit was set in

Upon examining the spectra of the flares, we noticed some interesting details which one can see

In spectra taken on August 1, 2, and 4,

places where there is not a double emission in the center of the H and K-lines of Ca™.
sunspot region, where the central emission in the H- and K-lines clearly doubles, the emission in the
Hg— and Hg-lines canmot be noticed, but an additional emission in continuous spectrum seems to have

taken place.

Table 1

Information about the Instruments

1972, an emission in the Hg and
The emission is situated over the sunspots in such

Outside the

Instrument Location Diameter of | Focal length Dispersion | Resolution [ Receiver of
solar image of camera (2 order of radiation
(mm) (mm) spectrum)

1. Solar tower Moscow, 140 10,000 0.8z/mm 180,000 | Isopanchro-
with diffrac- Sternberg matic film
tion grating Astronomical

Institute

2, Horizontal Kuchino, 140 5,000 1.64/mm 144,000 Photomulti-
solar telescope |Astrophysical plier
with diffraction|Observatory
spectrograph

3. Horizontal High-Altitude 140 4,000 2,0A/mm 144,000 | ORWO plate
solar telescope |expedition near blau~ rapid
with diffraction|Alma-Ata
spectrograph

4. Coude-refractor .t 22 film
"Opton" with Hy-
monochromator

Lyot (AA=0.25R)
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1972

Fig. la.

Aug. 1, 0912 UT

Fig. 1b.

Aug. 1, 0915 UT

Fig. 2.

Aug. 1, 0919 UT

Fig. 3a.

Aug. 2, 0830 UT

Fig. 3b.

Aug. 2, 0832 UT

Fig. 3c.

Aug. 2, 0835 UT
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Figure 2 shows the spectrum in the Ha region at 0919 UT on August 1, 1972. Above
the sunspot the emission in the Ha line happened to be double. Such doubling can also be seen
in the spectrum obtained on August 2 at 0832 UT at nearly the same place where the spectra of
August 1 were observed (Fig. 3a, b). At a distance of 68" from the emission im v line (Fig. 3a, b)
a dark ejection with a red shift corresponding to a line-of-sight velocity of about 60 km/sec
(Fig. 3c) appeared. The image of the spectrum shown in Figure 3c was obtained three minutes after
that in Figure 3b. On this spectrum one can notice great variations: first, the dark ejection is
displaced from the Hy line and its shift corresponds to a somewhat larger velocity (75 km/sec);
second, a new dark ejection with a red shift corresponding to the velocity of 220 km/sec appeared
above the smaller sunspot.

On August 2, 1972 we obtained spectra with different positions of the spectrograph slit relative
to the image of the sunspot group (Fig. 4a, b, c, d). In the Hy line several emission knots of
various forms were noticed. The shifts of the lines caused by the dark ejections correspond to
velocities of 100-200 km/sec. By their appearance these dark ejections (Fig. 4a, b) were very
similar to those observed one hour later under the original position of the spectrograph slit. It is
characteristic that the dark ejections produce a red shift of the Hy line everywhere except for the
case when the slit happened to be in the place free of sunspots, In the latter place in addition to
the weak My emission there is a violet shift corresponding to the velocity of 75 km/sec, (Fig. 4d.)

At 0715 UT on August 4, 1972 the spectrum of the flare was obtained from nearly the same regions
as on the previous two days (Fig. 5). The emission of the Hy line became broader, more intense, and
very complex and could also be seen outside the sunspot group. One can notice dark ejections which
give red shifts of almost the same order as on August 2. In the photographs obtained from 0717 to
0730 UT (see Fig. 6) there is complex emission in the Hv line, the dark ejection increased giving a
red shift corresponding to a velocity of 180 km/sec. On the photograph of the spectrum obtained at
0750 UT on August 4 one can see the emission in the Hy line and notice a dark ejection with the
shift corresponding to a velocity of 100 km/sec (see Fig. 7). On the photographs obtained at 0800-
0830 UT emission in the Hg, Hy, and Heg lines (see Figs. 8-10) was observed. No noticeable changes in
the lines of the Mg-triplet were detected with the same slit position (see Fig. 11).

On the Figures 12-15 the images of the spectra in the regions Hy (0740 UT), H and K Cat (0745 UT),
H3 (0820 UT), and Hy (0710 UT) are shown. The general features of the emissions in these lines are
very similar to those described before.

We note with special attention the peculiarity of the spectra in Figure 13. 1In the K Ca’ line
there is a dark ejection of about 120 km/sec toward the red in the same direction as in the case of
the dark ejection in the Hy line. A dark ejection in the Hy line is observed at the same place
where emission in Hg and Hg lines occurs. When the slit was placed away from the group of sumspots
we observed neither the emission nor the dark ejection in the Hy line (Fig. 16).

On instrument 2 (see Table 1) on August 1 and 4, 1972 we obtained photoelectric records of
spectra of the active region with different positions of the slit relative to the image of the sun-
spot group. The height of the entrance slit was 3 mm and its width was 0.04 mm. The time of observa-
tion on August 1 was from 0805 to 0934 UT. The slit was set in four positions. On August 4 photo-
electric records were registered from 0852 to 0947 UT by setting the slit in two positions relative
to the image of the group. The spectral region 3909-4009A was recorded. As shown in Figure 17 there
is conspicuous emission in the center of the K Cat line.

With instrument 3 (see Table 1) on August &4 from 0730 to 0800 UT, 28 spectrograms of an active
region were obtained., The spectral region 3050~-4350A was photographed. The hydrogen emission lines
Hy- Hig and H, K Cat were observed. Figure 18 also shows that the more intense hydrogen emission
was observed in the places where the central emission in the H and K Ca™ doubled.

In the region where hydrogen emission was observed, the presence of a weak continuous spectrum
was noticed. In the spectral region 3450-3050A a bright continuum was photographed. The intensities
and the form of the profile of emission line strongly varied from one place to another.

With instrument 4 (see Table 1) the active region was photographed in the different parts of
the Hx line. The active region which produced the flares of August 2 and 4, 1972, had on the previous
rotation consisted of one large spot and several satellite pores. On the chromospheric level a
characteristic vertical structure was observed.

On July 29, 1972 this region appeared once again on the eastern limb accompanied by very bright
active prominences. On August 1 the flare started about 0920 UT and continued about 50 minutes. Tt
had the form of two large strips almost perpendicular to one another and beginning in the center of
the group.
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Fig. 4a. Aug. 2, 0821 UT H.

Fig. 4b. Aug. 2, 0822 UT H‘%

Fig. 4c. Aug. 2, 0823 UT Hd..

Fig. 4d. Aug. 2, 0825 UT H

Fig. 5. Aug. 4, 0717 UT HGL'
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Fig. 11. Aug. &4, 0830 UT Mg

Fig. 12, Aug. 4, 0740 UT }1X

Fig. 13. Aug. 4, 0745 UT

Fig. 1l4. Aug. 4, 0820 UT j{P

Fig. 15. Aug. 4, 0710 UT

Fig. 16. Aug. 4, 0700 UT H&
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In the Iy wings the flare was observed up to + 1.52 from the center of the line. On August 2
three flares were registered during the time-intervals 0330-0430, 0430-0515, 0550-0630 UT (it was
probably one flare with three local maxima).

Figure 19 shows the flare on the disk at 0340 UT in the center of the Hv line. Figure 20 shows
the enlarged image of the flare at 0346 UT. Similar to the flare of August 1 the flare of August 2
consisted of two bright compact strips one of which crossed the center of group and the other began
in it. In the wings of the Hv line these strips were seen as bright up to + 1.5A from the line
center (see Fig. 21 and 22). Figures 23 and 24 (0410 UT) show the first stages of the formation of
absorption ejection from the flare region., Figures 25-27 (O§33-0436 UT) show the flare at maximum
development at the center of Hy and in the wings at Hy + 0.5A. On Figure 29 (0446 UT) one can see
arc-like ejection at the red wing of the Hv line (+ 1.54), however, at the violet wing (Fig. 28) it
was essentially weaker. Later, at 0620 UT, the ejection at + 1.5A transformed into the system of
arcs (Fig. 30). By about 0715 UT some breakup of the system has occurred. The phenomenon was
accompanied with the formation of two jets (Fig. 31) which were seen in the wings up to + 2.54 from
the center.

On August 4, 1972 photographs were obtained every 15 minutes ip both center and the wings of Hy
at the distances from the center of + 0.5, + 1, + 1.5, £ 2,0, + 3.0A., The observations were carried
out through the cirrus clouds up to 0830 UT when weather prohibited observations. At the beginning
of the_ observations at 0200 UT the active region was quiet (Fig. 32), however, in the wing up to
+ 2.0 A there was noticed a weak ejection which apparently represented the last stage of the previous
flare. At 0435 UT (Fig. 33), 1.5 hours before the flare at about 0600 UT, bright emission appeared
in the region. The flare began at about 0600 UT and brightened very quickly during the first 10
minutes. The configuration of this flare was typical of the "proton-type." There were two parallel
strips with one of them passing through the center of the group and the other, which had a larger
area, crossed the eastern edge of this group (Figs. 34-36). Figures 37-38 show the image of the
flare in the wings of the My line at + 0.54. The maximum area of the flare occurred at about 0640 UT.
In the future we are going to study all of the obtained data in detail.

Fig. 19. Hy line center. Aug. 2, 0340 UT.
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Fig. 22.

By + 1.0A. Aug. 2, 0356 UT.

Fig. 24.

Hy - 1.0A. Aug. 2, 0410 UT.

H + 1.0A. Aug. 2, 0412 UT.
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Fig. 25. Hy line center. Aug. 2, 0433 UT.

Hy - 0.5A. Aug. 2, 0435 UT.

Fig. 26.
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Fig. 27. Hx + 0.54. Aug. 2, 0436 UT.

e

Fig. 28. Hy - 1.5A. Aug. 2, 0445 UT.

Fig. 29. Hy + 1.5A, Aug. 2, 0446 UT.
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Fig. 30. My + 1.5A. Aug. 2, 0620 UT.

Fig. 32. Hy line center. Aug. 4, 0200 UT.
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Fig. 33. Hry line center. Aug. 4, 0435 UT.

Fig. 34. Hx line center. Aug. 4, 0705 UT.

Fig. 35. Hr line center. Aug. 4, 0615 UT.
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Fig. 36. Hy - 0.5A. Aug. &, 0646 UT.

Fig. 37. ™ - 0.54. Aug. 4, 0711 UT.




A Flare of August 2, 1972

by

J. Kubota, H. Kurokawa and T. Kureizumi
Kwasan and Hida Observatories
Yamashina, Kyoto, Japan

On August 2, 1972 a large two ribbon type flare occurred at N12 E34 in an H-type spot group.
As indicated in a preliminary report [1972], spectroscopic and H® monochromatic observations were
performed at the Kwasan Observatory with a horizontal solar telescope (50 cm aperture and 20 m focal
length) and helioscope camera system. The observation period is from 0508 to 0708 UT.

Figure 1 shows Hx images of this flare event photographed at 0515 and 0708 UT, and a white light
image of the spot group at 0616 UT. The dark line on the HY image in Figure 1 indicates the position
of the entrance slit of the spectrograph. In Figure 2 thick lines show the bright region of the flare,
dotted lines the filament, and thin lines the boundary of the spot group. Hatched areas illustrate the
umbra, and straight lines the direction of the entrance slit of the spectrograph.

The flare appeared on both sides of a stable filament. However, the two ribbons and the £ilament
were not parallel. The ribbon "a" (Figure 2) elongated eastward, crossing over the umbra. The flare
was fairly stable as a whole during our observed period, except for the southern part of ribbon 'b",
where serious deformations of the bright region, many eruptions and loop prominences were detected.

The non-thermal motions of the patter in this flare were studied with a time sequence of the
spectra of metallic lines Fe II 5169A, Mg I b and Na I D. These spectra were taken at a fixed
point in the bright part of ribbon "a" with exposure time of 2 seconds. Dispersion of the spectra
was about 0.18A/mm.

Bright fine structures or knots can be seen on the spectra of the Fe II (51693) line, while
neutral metallic lines, Mg I and Na I, show ordinary flare emission without conspicuous structures.

Figure 3 indicates the time variation of Ale/A values of the Fe II(51695) line, measured at
bright points of the Fe II emission, and also the corresponding variation for the case of the Na T D
lines. Ale is the half width of the profile at 1/e of the central intensity and gives the true
Doppler width in the optically thin case.

Profiles of these lines are symmetric and very narrow, corresponding to a range of random non-
thermal velocity between 4.5 and 6.5km/sec. The non-thermal velocity obtained from the Fe II line
changes slightly with time compared with that from the Na I lines. The latter is nearly constant
during the observed period. This fact may suggest that the Fe II emission originates in a different
region than the Na I line.

REFERENCES

1972 Report of Ionospheric and Space Research in Japan, 26.
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19.

1.

Ho images of the August 2, 1972 flare
taken at 0515 and 0708 UT, and white
Tight photograph of spot group taken
at 0616 UT at the Kwasan Observatory.
Heavy line on Ho, images indicate
position of entrance s1it of the
spectrograph.
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Fig. 2. Thick Tines show the bright region of the August 2, 1972
flare; dotted lines the Tilament; and thin lines the
boundary of the spot group. Hatched areas indicate
umbra. Straight lines indicate direction of the entrance
s1it of the spectrograph.
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The Flares of August 1972

by

Harold Zirin and Katsuo Tanaka
Big Bear Solar Observatory, Hale Observatories
California Institute of Technology
Carnegie Institution of Washington

Editors’ Note: Only a section of the article, "The Flares of August 1972" by H. Zirin
and K. Tanaka, appears here. This section covers mainly the August 2,
1972 solar flares, though the entire abstract, introduction and con-
clusions of the article are included. The entire article which also
covers the development of the region and the great flare of August 7
will appear in a future issue of Solar Physics, D. Reidel PubTishing
Company, Dordrecht, Holland. Permission has been received from the
authors and Journal to reprint sections of this article.

ABSTRACT

lie present the analysis of observations of the August flares at Big Bear and Tel Aviv,
involving monochromatic movies, magnetograms and spectra. In each flare the observations
fit a model of particle acceleration in the chromosphere with emission produced by impart
and by heating by the energetic electrons and protons. The region showed twisted flux and
high gradients from birth, and flares appear due to strong magnetic shears and gradients
across the neutral Tine produced by sunspot motions. Post flare loops show a strong change
from sheared, force-free fields parallel to potentiai-field-Tike Toops, perpendicular to
the neutral Tline above the surface.

We detected fast (10 sec duration) small (1 arc sec) flashes in 3835 at the footpoints
flux Toops in the August 2 impulsive flare at 1838, which may be explained by dumping of
>50 kev electrons accelerated in individual flux loops. The flashes show excellent time
and intensity agreement with »45 kev X-rays. 1In the Tess impulsive 2000 UT flare a less
impulsive wave of emission in 3835 moved with the separating footpoints. The thick foil
model of X-ray production gives a consistent model for X-ray, 3835 and microwave emission
in the 1838 event.

Spectra of the August 7 flare show emission 12 R FWHM in flare kernels, but only 1 to
2 A wide in the rest of the flare. The kernels thus produce most of the Ho emission. The
total emission in Ho in the August 4 and August 7 flares was about 2 x 10%%ergs. We believe
this dependable value more accurate than previous larger estimates for great flares. The
time dependence of total Ha emission agrees with radio and X-ray data much better than area
measurements which depend on the weaker halo.

Absorption Tine spectra show a Targe (6 km/sec) photospheric velocity discontinuity
along the neutral Tine, corresponding to sheared flow across that line.

Introduction

The active region McMath 11976, which produced the great flares of August 1972, produced an
unparalleled opportunity for the study of solar activity. We present optical observations made at
the Big Bear Solar Observatory and its station at Tel Aviv University, and comparisons with data
kindly made available by various colleagues.

The data at Big Bear Lake were made with a battery of telescopes on a single mount. Two 10-
inch refractors produced large scale cinematographic data in various wavelengths, mostly Hoa and
Ho + 1/2 R, but also on August 2 with a Chapman filter [Chapman, 1971] 15 R wide, centered on 3835 A.
Observations of the full disk in Ho were made with an 8.6-inch vacuum refractor, white Tight full
disk observations with a 6-inch refractor. Magnetograms were made with the Leighton-Smithson mag-
netograph, time sharing in one of the 10-inch refractors, and spectrograms, with the 5 meter Coude
spectrograph fed by a third 10-inch refractor. At Tel Aviv, observations were made with a 5-inch
photoheliograph used in the center of Hu. We were fortunate in that not only was the birth of the
region observed in July, but all of the large flares were picked up on either the Big Bear or Tel
Aviv photoheliographs. The principal large flares occurred at 0330 UT August 2 (only observed in
progress), 1838 UT August 2, 2005 UT August 2, 0620 UT August 4, 1516 UT August 7, and 1216 UT
August 11 (only late phases).

The highlights of the observations are the following: the region showed inverted polarity from
its inception on July 11; the great activity was due to extremely high shear and gradients in the
magnetic field, as well as a constant invasion of one polarity into the opposite; observations in
3835 show remarkable fast flashes in the impulsive flare of 1838 UT on August 2 with Tifetimes of
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of 5 seconds, which may be due to dumping of particles in the Tower chromosphere; flare loops show
evolutional increases of their tilts to the neutral Tine in the flares of August 4 and 7; spectro-
scopic observations show red asymmetry and red shift of the Ho emission in the flash phase of the
August 7 flare, as well as substantial velocity shear in the photosphere during the flare, somewhat
like earthquake movement along a fault; finally the total Ho emission of the August 7 flare could
be measured accurately as about 2.5 x 10%%ergs, considerably less than coarser previous estimates
for great flares. A preliminary report on our data has appeared [Tanaka and Zirin, 1973] and we
present here our comprehensive analysis of the wealth of material obtained.

IV. Flares of August 2

Major activity began in the region on August 2 with a remarkable series of complex flares. The
first great flare was reported at 0316 UT by Teheran; the later phases or perhaps a resurgence (two
flares were reported but only one radio burst) are visible on our Tel Aviv photograph of 0547 UT
(Figure 8). This shows a large flare with bright strands covering all the spots, the brightest
portion being over fp. It differed from the later flares in that the p emission was confined to the
spots and an area directly west. The long, dark Tilament following the group had disappeared, blown
away by the flare. It reformed in bits and pieces, was blown away again by the later flares, and was
whole again on August 3. By contrast, the great flares of August 4 and 7 only made it wave about.

Figure 7 *

An enlarged frame 8/3, with various sunspots and areas marked to facilitate
reference in the text. ©Note the strongly twisted penumbral structures.

* Figure included for clarity in the following discussion:

"p" refers to preceding spot with S polarity,
"f" refers to follower spot with N polarity.
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Figure 8

First flare, August 2, photographed at Tel Aviv, dawn, by Shlomo Hoory in
Ho centerline. This photo at 05:43:38, more than two hours after the
flare began, shows that it was similar to the later great flare.

Whether or not the flare was associated with changes in the magnetic field structure, there were
definite changes on August 1 and 2; the spot T1 grew, and the spots fo and f3 shrank, so that at
August 2, 1600 UT, f1 was bigger than the other two (eventually Ty became the Targest spot in the
group). Spot f1 als0 pushed ahead (W) relative to the other spots, as can be readily seen from

the illustration (Figures 3 and 4); by August 2 the neutral line marked by the filament was directly
beneath (N) of the p spots. A remarkable change also occurred in the fibril structure preceding

the spot f3. On July 31, this was directly above (S) of py and very close to 3, almost along the
neutral 1ine dividing py and f3; on August 2 (after the first flare), the fibril on the neutral Tine
had moved considerably ahead (W) of f3 and a new fibril system connected fy to py, with f3 rapidly
decaying. We have noted before that a sheared neutral Tine can be rep]aceg by s%orter Tines going
directly across the neutral Tine to the nearest opposite polarity; this appears to occur in this
case. The flux in f3 can disappear by shortening and eventual subsidence below the surface of the
flux loops. The energy released in this flare would presumably be the difference between the elon-
gated sheared lines and the shorter field 1ines of the final configuration. This difference was
actually observed during later flares; for example, inh the flare 1838 UT August 2, a rapid break-up
of the filament into shorter fibrils occurred at 1837 UT, one minute before the brightening started
(Figure 9). For the flares of August 4 and August 7, we could see the bright flare Toops cross the
neutral Tine with increasing tilts, late in the flash phases (Figures 18 and 19). If there is a
further contraction involved in the subsidence of field 1ines below the surface, this energy too is
available for the flare. In succeeding days f4 moved considerably closer to pj and thus Towered the
total energy.

On August 2, Big Bear observations were made in Ho centerline and 3835 . After a small flare
along the neutral 1ine at 1601, a brilliant impulsive flare began at 1838 UT. Its development is
shown in dark prints in Figure 9 and in normal prints in Figures 1la and 11b. The flare occurred
along the neutral Tine between f; and p3 following a break-up of fibrils on the neutral Tine (Figure
9, 1837 UT) and spread rapidly a}ong that Tine; there was a fast increase at 1839:02 UT and another
rise to a peak at 1839:36 UT; these coincide with an early hard X-ray peak at 1839:00-10 UT and a
main peak at 1839:30-40 UT. The dark prints, Figures 9d and 9e, and the negative print, Figure 9f,
show the structure of the kernel. (The kernel consists of chains of bright points along the neutral
Tine with an area of 3.8 x 10*7cm? and a diffuse halo with an area of 2.1 x 10%%cm2.) This was the
most brilliant flare we have yet seen in Ho, although its timited area kept the total fluxes down.
This was not a classic two-ribbon flare; however, in the late phase (1845 UT) two emission strands
were seen with a large shear, confined in the inner edges of f; and p3. The two ribbons may have
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AUG 2 1837 AUG 1 2050 JUL31 1856 , JUL30 1735
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18 34 1646 16 00 1618

Figure 3

Synoptic series 7/30 - 8/2, with Ho centerline, best for plages and filaments, above, and Ho - 1.0 2
best for sunspots, below. Note the rapid growth of the lower spot, designated fl, and the increase
of twist in the neutral line between fl and Ps-

expanded, but the wall of the strong fields in f1 and p3 would have prohibited further expansion
across the umbras. At 1841 UT fast ejection of materia% was observed along the neutral line to the
north of fq,

Figure 10 shows how a sequence of brilliant fast flashes along the neutral Tline occurred in
3835. They occurred precisely at the W edge of umbra f1 and the E edge of umbra p3, showing how
close to the edge of the umbrae the field became horizontal; flashes above either umbra or penumbra
would probably have been visible, but were not seen. The average 1ifetime of the points was 5 to
10 sec (frame rate was 5 sec) and their individual size can be seen to be less than 1 arc sec,
although some appeared in groups and had Targer area (for example, Figure 10 (a), (b) and (c) at
1839:44 UT). The double bright strands (d) in Figure 10 mark the Ho center, and presumably corre-
spond to the usual p and f polarity strands, but are much closer. The strands (d) and point (b)
rose with the first X-ray pulse, then broke up into faint points; a new bright point appeared at
1839:24 UT, as the flux rose. It faded in 10 seconds, and a row of points flashed into view at the
X-ray maximum, 1839:34 UT. The points appeared in symmetric pairs such as points (a) and (e); the
lower points are less visible. As time passed, more points appeared to the north edge of fy. By
1840:00 UT, no more flashes were seen except for the Tingering of point (f), which was under a Tong-
Tived Ho flare knot.

We interpret the 3835 flashes as occurring at the intersection of fiux Toops with the surface;
the emission must be due to the heating of the Tower atmosphere by energetic electrons as they are
accelerated in individual flux tubes and give up their energy at the surface. Thermal conduction
from the flare above as an alternative source of heating would not be able to explain the fast time
variation and Timited extent of the flashes; the collision frequency at these densities is sufficient
to produce conductivity across the field Tine which would rapidly homogenize the temperature in the
source region, making difficult selective and time-dependent heating of the Tower atmosphere, as well
as spreading the emission area. Detailed discussions of the 3835 flashes related to the X-ray and
radio bursts will be given in the next chapter.
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AUG6 1718 AUGS5 1720 : AUG4 1930 ‘ AUG3 1959

1830 : 1720 1932 - 2020

Figure 4

Further development, 8/3 - 8/6. Note the filament development and the E-W separation of the p spots.
Note also the further increase of shear in the neutral line between f., and P3- On 8/6 a complex

double ring exists around f2 in the main flare area.

1

The activity of August 2 was not yet over; more flares were to come. Although the filament
Fil 1 was disrupted, it reformed and straightened again; bright areas resulting from the flare re-
mained, particularly of the f edge of F£i7 1. At 1957 UT the area below spot f1 brightened sTowly,
then more rapidly after 2001 UT (Figure 1lc). A weak brightening in 3835 appeared at the most
intense portion of the Ha flare. This flare reached maximum around 2005 UT and remained stable:
it produced a modest hard X-ray burst, but 1ittle radio emission; at 2020 UT a new increase in area
and brightness began on both sides of fi7 7 and at 2030 UT yet another wave of brightening spread
south from fZ7 1; this was matched by a bright region (Figure 12) in 3835 (twice the photospheric
intensity) just at the edge of the advancing bright Ha front. At the same time the entire p side
of fil 1 brightened as well. The 3835 emission in this flare was not impulsive at all, lasting
more than 15 minutes, although the 1ifetime at any point on the surface was only a few minutes,
Again it appears to mark the footpoints of flux Toops containing the energetic material (this time
thermal conduction can be the heat source). The hard X-ray flux increased again and a large 6600 sfu,
8800 MHz burst occurred. The Ha front spread steadily on to a maximum at 2050 UT (Figure 11d); the
3835 emission moved south with a constant velocity of 12 km/sec and changed its direction to northeast
when it hit the edge of penumbra i as if it was reflected by the spot field. The 3835 emission could
be followed til1 2105 UT, but by now the Ho emission near the filament was dying out and the whole
flare faded, accompanied by fine dark Toops. But the Tast bright parts of this flare, spreading over
pp and fg (Figure 1le, f), produced at 2140 UT the greatest peaks of radio and X-ray flux. Weak 3835
emission appeared at this time over the penumbra of p,. Note that this is different from the decay
of other flares, which leave two widely separated strands on the flare perimeter; the emission
actually shifted to a different place, and was strong in off-band (Figure 1le), indicating broad Ho
profile, and showed 3835 emission. So there was a real flare resurgence, particularly over the main
umbra. The UCSD X-ray data shows a small resurgence of X-ray emission above 10 kev but less than the
peak of 2050 UT. So there were no more harder electrons, just a stronger magnetic field.
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17:48:50 18:37:01

18:38:10 [ |g:39:36

18:39:36

Figure 9

A serieg of prints made to show varied aspects of the 18:38 flare (18:34)

Ho + 1 ﬁ, showing spot structure, with spots marked. Note that all the

spots lie in one penumbra, and the umbrae and penumbrae of £, and p, are

twisted to follow the horizontal lines of force, rather than the nofmally

radial structure.

- (17:48:50) - Ho before the flare. Note that the filament is sharp.

~ (18:37:01) - The filament begins to break up into shorter fibrils.

- (18:38:10) - Dark print of flare beginning.

- (18:39:36) - Brilliant halo around the flare, probably Ha scattered by
surrounding chromosphere.

(18:39:36) - Light negative print, heavily dodged to show the structure
of the flare kernel.

The varied aspects of the August 2 flares present an excellent opportunity to compare different
flares in the same region. The comparison between the impulsive 1838 UT flare--small, violent, short-
Tived--and the large, Tong-Tived, slowly-rising flares at 0310 and 2000 UT is most instructive. The
first was physically low in the atmosphere, confined to the neutral line in a small region, and by
far the most brilliant and concentrated. It also produced the short-lived, intense hard X-ray burst
with a spectrum proportional to v=3°5. The 3835 observations show the impulsive nature very well.
Radio emission was Tow below 2700 MHz, indicating a low source height (because of plasma cut-off or
other high density absorption). The 0310 and 2000 UT flares were by contrast complex and sTow, with
longer rise times both for Ho and energetic electrons, and radio emission appeared at low frequencies,
showing that the events reached high in the atmosphere. Since radio flux and X-rays are proportional
to the total number of electrons, we can see how the large volume involved produced the huge radio
bursts. However, these large events were less impulsive and had a steeper electron spectrum, so high
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118:39:04 e 393

18:39:44

18:39:24 18:39:54

Figure 10

Dark prints showing the flashes in 15 & band centered at 3835 R. The point
D (18:39:44) at the two bright strands on the left edge of the spot coin-
cide with the Ho maximum. All flashes occur precisely at the edge of the
umbras, where the field lines turn and intersect the surface. These pic-
tures are taken with a corrector designed by the late Professor I.S. Bowen
to remove the aberration of the singlet lens; unfortunately it was not
properly adjusted and there is some astigmatism.

frequency radio emission was Tess; for example, at 35 GHz the 2140 UT peak is only sTightly higher
than the 1839 UT peak, although it is 20 times higher at 8.8 GHz. We may conclude that slow events
may accelerate particles quite well, but that impulsive, Tow-lying flares produce the hardest spectra.
Finally we have the peculiar effect of the greatest radio burst occurring late in the event without
an accompanying large change in the optical flare; apparently once the hard electrons are produced,
phenomena over the greatest spots can produce great fluxes of radio emission (because the emission

is proportional to B).

Huancayo polarization data pubtished by Lincoln and Leighton [1972] show.a sharp variation from
left to right hand circular polarization at 9400 MHz, then back to Teft, in the 1838 UT flare, whereas
the 2100 UT flare shows only right hand polarization. This corresponds to the fact that the later
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BIG BEAR SOLAR OBSERVATORY
s MULTIPLE FLARE 8/2/72

Figure 11

An Ho centerline sequence of the flares after 18:38. The fifth frame (21:28)
shows an Ha + 0.5 picture which reveals the loops raining down after the
flare; the last frame (21:45) shows the peak of the radio burst; note that
the emission has shifted to an entirely different location from the fourth
frame (20:47) and both fl and P, ~= py are covered by emission.

flare occurred primarily in the following ( = N polarity = rhc polarization) part of the group (see
Figure 1le, how f area is large compared to p area), while the impulsive flare was on the neutral
1ine where changes in the polarity balance could easily occur. The August 7 flare was also found
by Huancayo to show such a L-R-L shift in the impulsive phase. In both cases, the largest sunspot
in the flare region was 1, so that following polarity would dominate the radio propagation.
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V. The 3835 Flashes and Impulsive Bursts of X-Rays and Microwaves

The 3835 flashes in the 1838 UT flare of August 2 occurred simultaneous with the impulsive hard
X-rays and radio bursts. Since good data were obtained in UCSD X-ray experiments and at Sagamore
Hi11 for microwave bursts, it would be useful to compare these three wavelengths for better under-
standing of electron accelerations in the impulsive phase.

Figure 13 shows comparison of the 1ight curves of several 3835 flashes with X-rays and radio
bursts. Each Tight curve was made by measuring the brightness of a 3 arc sec? area which showed
several resolved and/or unresolved flashes in the whole Tifetime (1 minute) of the flashes with a
mean Tifetime of an individual flash Tess than 10 seconds. (For example, in Figure 10 point (a),
the topmost at 1839:44 UT, is made up of at Teast 5 points.) One can see that the intensity of the
optical flashes peaked around the same time as the X-ray and radio bursts and that the Tight curves
are more similar to the X-ray bursts above 50 kev than to the 14-20 kev X-rays or radio bursts at
5000 MHz. 1In addition, Figure 10 shows that the first flashes appear at 1839:04 UT simultaneous with
the first X-ray spike, and the most flashes were seen at the peak around 1839:40 UT. The X-ray
spectrum was proportional to v=3+* at the peak and softening of the spectrum began from 1840:10 UT
[DatTowe, private communication].

The observed intensity of the 3835 flashes can be explained by Balmer Tine (H9) emission centered
at 3835 R. When we Took at spectra taken in another large 2B flare, November 18, 1970, observed by
Tanaka (unpublished) at Okayama, we find wide and large emission of H9, which has 4 equivaient A of
the mean intensity level of 3835 region (20% of the true continuum). We require, in this intense
flash, emission of H9 greater by a factor of two than the above flare; if we equate the observed flux
at the peak of the flash (equal to the intensity of 3835 R in quiet region) to ngAgohvH/4m (H: thick-
ness of the emitting Tayer; Agp: rate of spontaneous emission; ng: number density of level 9) we
get ngH ~ 1.7 x 10**cm™2. AsSuming the Saha-Boltzman distribution with a temperature of 10%K, we
have "ngn H ~ 4.2 x 10%%cm™® at the peak (ng, n, are electron and ion number density, respectively).
The total flux emitted by the flashes may be es%imated by adding Tine emissions, free-bound and free~-
free continuum emissions radiated from this nenyH. With a mean area of the flashes 6 x 10%6cm? ( = 10
flashes) we have 2.6 x 102%ergs/sec at the peak. Note that half of this energy flux is radiated in
Ho. Actually in dark prints of Ha, we could see Ho brightening simultaneously with the 3835 flashes,
but they remained bright after the Tatter disappeared because of the large opacity of Ha; precipita-
tion of low energy electrons below 20 kev, which existed til1l Tate as Figure 11 shows, or thermal
conduction produced continued heating of the upper layer emitting Ha.

It can be shown from the X-ray flux that electrons above 45 kev in the thin foil model and above
60 kev in the thick foil model have the same total energy as the optical flux estimated above. 50 kev
electrons can penetrate the column density npH ~ 102°-% as the theory of Coulomb collision shows
[Schatzman, 1965; Syrovatskii and Shmeleva, ?972; Brown, 1972]. Also from the observed production
rate of 50 kev electrons in the thick foil mode? ( = 1.0 x 103°sec~!) it turns out that these elec-
trons penetrating the chromosphere can ionize 7 x 10%2%atoms/cm~2sec™! by making an ion pair every 33
kev [Fermi, 1949; Hudson, 1972]. Therefore we can explain reasonably the heating and ionization of
the layer responsible for the 3835 flashes gngan v 4.2 x 10%%) by the dumping of the electrons above
50 kev. We have ng, v 10*%<2cm=® and H ~ 107-Zcm for the emitting layer. Similarity of time profiles
between the 3835 f?ashes and X-ray bursts above 50 kev (Figure 13) would support this expianation.
Because of confusion with the other flares we do not know if there was any proton production involved
in this fast event, but the fact that y-rays were not detected gives an upper limit of proton flux
Tess than 3 x 102%ergs/sec, below the energy flux of the optical flashes.

Optical evidence of electron precipitation seen in the 3835 flashes would give a more realistic
image of acceleration; impulsive acceleration of electrons occurs in each individual flux Toop with
a time constant less than 10 sec and the place of acceleration moves around with the same time scale.
Since the flux Toops have small cross sections at their ends (0.5", size of the flashes) and stretch
flat on the surface as Ho fibrils structure shows, the acceleration must have taken place at a low
height (h < 10°cm) and in Timited regions. Thick target emission of X-rays [Hudson, 1972] is real-
istic since most of the electron energy is dumped in a short time at the high density layer. Even
if trapped electrons exist and emit X-rays by thin foil, the emission must be small compared to the
observed flux, which could be emitted in denser layers by electrons needed to explain the optical
flashes.

Radio spectra observed by Castelli (Figure 14) show an increase of flux from 15 GHz to 35 GHz
with a dip around 15 GHz. In coincidence with the end of the 3835 flashes and the X-ray flux in the
hardest channels the flux at 35 GHz decreased appreciably showing a single peak spectrum by 1840:40
UT. If the dip in the otherwise flat spectrum is not an observational effect, it might be explained
by free-free absorption due to hot ambient plasma, which has been proposed by Zirin et. al. [1971]
and by Ramaty and Petrosian [1972] to explain flat type spectrum. In order to realize a dip in the
spectrum, it turns out that there must be an optically thick plasma for free-free absorption at the
frequency at Teast 40 GHz. Since hot plasma emitting soft X-rays is transparent for free-free ab-
sorption down to 4 GHz as the observed emission measure and temperature show, lower temperature
material such as produced the XUV flash must be invoked for the absorption in this model. The double-
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peaked spectra may also be interpreted as originating from two sources; one at the top of the flux
Toops, where acceleration takes place with Tower magnetic field and plasma density and giving a peak
at 5000 MHz, and the other is located at a lower height near the mirror points with a stronger mag-
netic field and a peak beyond 35 GHz; the flux around 15 GHz may have been depressed due to cut off
by plasma frequency or Razin effect or free-free absorption of low-temperature material. These two
sources may well correspond to Ho bright points and diffuse halo, respectively (Figure 9).

For these two models we may estimate the number of electrons needed to explain the radio fluxes
and compare these with X-ray observations. In the case of a homogeneous source model with a free-
free absorption, we have a total number of electrons above 100 kev (denoted as Nygp) equal to 10°* -
10%5 by fitting the observed spectra to those calculated by Ramaty and Petrosian [?972]. This number
is not inconsistent with njNigg ~ 10*°-%cm=® derived from the X-rays by assuming thin foil aithough

S

20:39:35 20:46:29

Figure 12

Dark prints showing the drift of bright points in the 3835 bands in the
20:35 flare of August 2. The bright points coincide with the Ha bright
front (the fourth picture of Figure 11) and move toward spot f2 with a
velocity of 12 km/sec.
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although the thin foil model is not realistic for explaining the 3835 flashes. 1In the thick foil
leOO ~ 1.6 x 10%% sec!; so accumulation of injected electrons for 10 seconds or more is necessary.

dt
This does not agree with the thick foil picture. On the other hand, when we consider a flux loop
model in which acceleration takes place continuously for 10 seconds or less at the top, and electrons
dump at the two ends of the Toop emitting X-rays there by thick foil, the total number of electrons
in the flux Toop at any instant can be determined by the continuity equation along the flux Toop:

Moo M09 c
VT f @ where L is a Tength of flux Toop. With v ~ 5 and L v 2 x 10%cm (observed mean

dN .
distance between pair flashes) as well as d%oo from the thick foil model we have Nyjgp v 2.1 x 1032,
in agreement with Njgp ~ 10%2 obtained for the 5000 MHz peak of two source models. To derive the
Tatter number, optica?]y thin gyrosynchrotron emission is assumed with the peak emission occurring
at 3vg [Takakura, 1967] since self-absorption would be negligible in a small cross section of a
flux §oop such as is considered here. (Njgg = 10°? together with B = 500 G and A = 2 x 10'%cm® gives

a self-absorption factor gﬂ' ~ 10!, which agrees approximately with the calculated curve by Ramaty

and Petrosian [19721 if we adopt the electron power equal to 4.5 obtained from the thick foil in this
case.) For the higher frequency peak we get a similar value for a magnetic field Jarger than 1000 G

a 3835A ~ 10
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Figure 13

Light curves of the 3835 flashes measured at three positions (see Figure

10 for identifications of positions). The lower three curves show a micro-
wave burst (Sagamore Hill) and two channels of hard x-rays (UCSD). Note
that the time histories of the 3835 flashes are most similar to the 64-94
KeV burst.
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Figure 14

Microwave spectrum for the 18:38 flare of August 2 obtained by Castelli. Note the
rapid decrease of the flux at 35 GHz after 18:40, which was in coincidence with
the end of the 3835 flashes.

although we don't know the exact frequency and flux of the peak. Thus we can explain the radio flux
in this simple model of a flux Toop consistently with thick foil X-ray emission and the 3835 flashes.
It is to be noted that the electron distribution exponent y (N (E) « E-Y) derived from the high
frequency slope of the radio spectrum at 1840:40 UT (single peak) is equal to vy = 4.7, in agree-
ment with y = 4.9 derived from the hard X-ray spectrum assuming thick foil. In the thin foil model,
on the other hand, we have v = 3.0, inconsistent with the radio value.

XI. Conclusions

(1) The region exhibited twisted magnetic flux and high gradients from its birth.
(2) The flare occurred because of large shear of the neutral line and high field gradients.

(3) The motions and growths of sunspots occurred producing the invasion of f spot to p area
and increasing the shear of the neutral line.

(4) Development of the post-flare loops revealed sheared structure magnetic field 1lines above
the neutral Tine; the Towest field rurs parallel to the neutral line and the higher field
runs more and more perpendicular to it. The flares occur in the transition from the
sheared field to the potential field.
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(5) The Ha flux of the Targe flares comes mainly from kernels whose emission peaks with radio
and X-rays. The total Ho emission from the great flares of August 4 and August 7 was
2.0 x 10%° and 2.5 x 10%%ergs, respectively.

(6) The Ho emission is 12 R wide in the flare kernels and only 1 to 2 A wide in the rest of
the flare. This flare halo makes up most of the area and thus determines the assigned
“importance" but only produces 1/4 of the Ho emission.

(7) In 3835 band we detected rapidly varying emission at the edges of the flux loops. The
emission can be explained by the dumping of the 50 kev electrons accelerated in individual
flux Toops.

(8) Comparison of the 3835 flashes with the X-rays and microwave emissions shows that thick
foil models of X-ray emission are more consistent than the thin foil model for the im-
pulsive flare.

(9) We observed the Targe velocity shear of absorption lines in the flare region. This
explains the rapid change of the fibril orientation observed in the penumbra which may
be related to the cause of the flare.
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The Flare of August 4, 1972

by

K. Maeda and N. Oda
Hyogo College of Medicine, Hyogo 663, Japan

and

K. Nakayama
Kwasan Observatory, University of Kyoto
Kyoto 607, Japan

and

M. Shimizu
Okayama Astrophysical Observatory
University of Tokyo, Tokyo, Japan

The active region McMath 11976 produced great flares in August 1972. We observed the flare on
4 August at Okayama Astrophysical Observatory. The flare was 2B at 0634 UT, Continuous photographic
observations were made with a birefringent filter having a pass band of 0.5A at the center of the Hy
line. Observation started at 0557:59 UT (about 30 minutes before the onset of the flare) and lasted

about two and a half hours. Photographs were taken every one minute after the maximum phase,
totalling ninety-two negatives of the flare.

Figures la and 1b show the development of the flare. Isodensity maps of No. 1, 5, and 9
(Figure 1) were made using the JOYCE-LOBEL auto-densitometer (Figure 2).

The widths of the flare ribbons expanded outwards at a rate of about 25 km/sec which is
several times as large as the average values observed in two ribbon flares (Figure 3).

Figure 4 shows the time variation of Hy area obtained by a visual estimate.
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E BEFORE THE FLARE

No.l. 0600 ur 50 2. 0624 UT

3. 0626 UT T ' ' 4. 06287UT

5. 0634 UT MAXIMUM 6. 0649 UT

Fig. la. Development of the flare on August 4.

1. WNote the loops between two strands of plage regions and the two bright points on spots.
4. 1Inner boundaries of the flare ribbons do not spread.
6, Note the emission and absorption loops radially extended from the lower flare ribbon.
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7. 06550T 8. 0701 UT

9. 0718 UT BRIGHT POINTS APPEARED 10. 0732 UT

. .
11. 0739 yT Hy~0.5A 12, 0815 UT

Fig. 1b. Continuation of Figure la.

9. Three bright points indicated by arrows appeared at 0717 UT at the same time an impulsive
burst in radio frequencies was observed.

10. Loops are nearly parallel.

11. Note the location of the flare ribbons relative to the spots.
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N, 0600UT

Fig. 2b.



0718UT

Isodensity maps for 0600, 0634, and 0718 UT are shown.
Density interval of one step equals 0.22,

Numbers are
The same

number in different maps does not indicate the same absolute intensity.

Fig. 2.
density scales.
£
£
z
3 o
E
25 ¢
A
20 £
F
B
G
i5
10 .
s 10
202530 so Km/s
o
0620 0825 0530 0635 UT
Fig. 3. Time variations of the

widths of the flare
ribbons are presented.
Expanding velocity is
about 25 km/sec in the
flash phase of the flare
and about 10 km/sec just
before the maximum.
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Time variations of the Hy area of the
flare ribbons measured in units of
5.97 x 106 kmz are presented.




On the Dynamics of the Proton Flare of August 4, 1972, at IZMIRAN

by

E. I. Mogilevsky
Institute of Terrestrial Magnetism, Ionosphere and
Radiowave Propagation of the Academy of Sciences,
Moscow, U.S.S.R.

During a number of days of the active period of 29 July - 11 August 1972, op the solar tower
telescope IZMIRAN regular filming with Ho -filter of the Firm "Opton" (Ax = 0.25 A, Sho = + 16 R) was
made of the group No. 223 (according to Solar Data, USSR, or McMath 11976 according to Solar-Geophysicol
Data, NOAA), and its neighborhood §dimensions of the filmed region = 160" x 250"). The filming was made
with discrete movement (every 0.2 A) of the pass-band along the profile of Ho Tine wings within the
Timits + (0.8 to 1.0) A (if there were eruptions - the band movement was limited to 2.5 to 3.5 A). The
complete filming cycle along the Tine profile took = 30s. Prolonged filming was completed by obtaining
a number of polarization spectrograms for photographic measurements of magnetic fields of sunspots.

The summary of obtained data is given in Table 1.

Table 1

Observations of the active region with the spot group no. 223 from
29 July to 12 August 1972 at the tower telescope of IZMIRAN

Date UT Time of UT Time of photographic Atmospheric
chromospheric measurements of magnetic conditions of
observations fields of spots observations

29 July 1000-1100 - Satisfactory
1435-1525 - "
30 July 0725-0800 0530-0650 Good
1510-1540 1405-1425 "
31 July 1425-1530 0749-0810 Good
1 August 0720-0845 0530-0600 Good
1445-1529 - g
2 August 0717-0951 1325-1357 Good
3 August 1715-1740 - Satisfactory
4 August 0500-0900 0904-0936 Good
1503-1516
6 August 0445-0510 0600-0708 Satisfactory
1504-1516 1405-1535 "
7 August 1405-1410 1208-1322 Satisfactory
8 August 0930-1210 - Good
10 August 0655-0851 1155-1210 Good
11 August 0728-0844 - Good
1418-1540
12 August 0617- - Satisfactory

We succeeded in filming the development of the Targe proton flare according to above mentioned program
from 0550 to 0900 UT. The image was on the whole good, so that the chromosphere fine structure at
different Tevels was fixed with resolution of < 2 to 3". The preliminary results of the analysis
(without measuring the Doppler velocity and photometry) and detailed data on active region magnetic
fields are considered below.
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Group No. 223 that appeared from behind the E-Timb as a group of "§" magnetic configuration,
retained 1its total area almost invariable, though the changes in the umbras and penumbras were con-
siderable. When the number or size of the umbras changed considerably (often suddenly), there remained
an almost threefold excess of N polarity magnetic flux over the flux of umbra of S polarity. The
magnetic field of the group and neighboring regions formed two systems of quasi-dipole magnetic fields:
an eastern system in which the flare flocculi developed, and the "stable" filament was situated along
the Tine Hy = 0; and the western system where the activity was considerably Tower (see Figure 1). The
comparison of photoheliogram of the group taken late in the evening on August 3 at IZMIRAN and photo-
heliograms of Ussurijsk, Irkutsk and Tashkent observatories obtained at the end of August 3 and at
the beginning of August 4, showed that a successive separation of two new umbras of N-polarity occurred
in the central umbra of N-polarity. In the presence
of very large magnetic field gradients (in many places N
> 0.4 to 1.0 G/km) such a break of the main umbras
showing the trend of total movement clockwise in the
center of the spot* could determine the large
intensity of the proton flare on August 4.

The development of the proton flare of
August 4 can be conditionally divided into two
typical phases: "emission" and "eruption."
Similar phases can also be observed in the flares of
August 2, 7, and 11 as well as in a number of other
proton flares, i.e., our conditional division may
have a more profound physical sense. E

Emission Phase. From the beginning of our observations
(0550 UT) a bright emission in the form of very small

(< 3 to 5") points and thin (2 to 3") filaments was
registered inside the spot (between the umbras of the
same polarity) as well as outside it (along the fila-
ment boundary and away from the western S-nucleus)
(Figure 2). 1t was along these "emission paths" that a

N

Fig. 1. Scheme of magnetic fields and two
ribbons distributions during the
flare of 4 August 1972. ’

sharp growth of brightness occurred at 0619 UT
and it could be taken for the beginning of proton
flare. Two very bright parallel flare-filaments
were initially observed in the form of thin
discrete ribbons, then they turned into powerful
S-shaped parallel bright flare-flocculi, covering
separately some of umbras. These two ribbons were
situated only along N or only along S spot mag-
netic field and the surrounding field **, The
brightness of these flare flocculi in the center
of Ho decreased only 2 to 3 times in the filter-
grams taken in the wings Ho + 0.8 A. The
intensity of these two ribbons increased rather
slowly to = 0638 UT, and then began slowly

S decreasing (Figure 3). The noncontiguity of the
flare-filaments, situated over N and S magnetic
Fig. 2., Pre-flare emission in the active region. polarity, is a typical peculiarity of the
Can=0.25 R, 63, = 0.4 &, t = 0600 UT. emission flare phase.

* The vortex Tocation of photospheric filaments of the spot penumbra points to the same movement.

** Even approaching to the maximum, when their area considérably increased and in some places théir
boundaries drew close together, this rule of noncontiguity of N and S Tines held strictly.
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S
(a) (b)

Fig. 3. Development of the emission phase of the flare
(a) ax = 0.25 &, 63 = - 0.4 B, t = 0620 UT
(b) Ax =10.25 &, &n = - 0.4 A, t = 0637 UT

Another peculiarity of Ho - flare emission - consists in its strikingly thin structure; which was
especially well visible in the western and southern large umbras of N-polarity. Separate emission
"points" (< 2 to 3") and a thin emission bridge between these nuclei suffered marked changes (Fiaure 4).
Their Tife-time was = 2 to 3™. They were observed svmmetrically in both winas of Ho. However, such
thin emission bridges between these umbras, thread-
1ike fringes of separate umbras and umbras N
"points" and the splitting of the main flare
flocculi of the emission into thin ribbons were
observed even at the end of the flare.

The third feature of the flare development
consists in original quasi-wave movements along
"undisturbed" filament*. The discrete filming
along the Ho - line profile allowed one to esta-
blish that some parts of the filament 2 2 20"
during ~5 to 7s could be observed either in the
red or in the blue wing. From such pairs of
filtergrams we can infer the existence of a gquasi-
periodic fluctuation of Vj along the filament.

The estimates showed that velocity in these parts
of the filament reached Vp~25 km/sec. Such move-
ments (of the type of "stationary waves") were
clearly observed during the first flare phase and
with Tess intensity during the second phase.

We should also note that considerable
changes were observed in the Tocation of the
elements of chromospheric structure. They were
especially Targe between two ribbons and in NY part
of the active region, where a separate small spot-
pore of S-polarity was situated and where
typical arched absorption ejections were observed S

for a Tong time. Fig. 4. Fine structure of the flare emission
ax = 0.25 R, &x, = -0.8 A, t = 0621 UT

* It was noted that these filaments, which began in the Targe NE umbra of S-polarity, were observed
on the disk all days, and when the umbra reached the W-Timb we could observe an active prominence
often with great eruptions.
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Flare Eruption Phase started after the emission phase maximum, at the decay of brightness of two
flare ribbons. Let us consider some features of flare development, that permit one to mark out the
second eruption phase.

In contrast to what was observed during the emission phase, beainning from the moment 0645 UT in
the southern part of the separation between two ribbons, there appeared narrow emission ribbons that
joined them (Figure 5). These ribbons crossed the line Hy = 0 with a considerable angle. From this
time up to the end of the flare there was observed a slow formation on their outside boundary of the
systems of thin short branches directed at a large angle to the Tine H, = 0.

The appearance of the absorption system of
thread-Tike arched filaments (AFFS-Arch Filament
Flare System) (Figure 6) of prolonged existence
should be considered as the most typica]mfeature
of the eruption phase. During ~25 to 30" this AFFS
was observed (in absorption!) only in the red wing
Ho (up to the distance 2.5 to 3 A). Thread-1ike
arches closely driven together at the beginning
Joined accurately umbras and penumbras with
magnetic fields of opposite polarity in the western
part of the spot, i.e., were situated along the
magnetic lines. Eventually, arch dimensions and
their number grew, they already crossed the eastern
(S-polarity) flare floccula and by the end of the
flare there remained only several arches (AFS-Arch
Filament System). In contrast to the arches of the
initial period they could be observed in both
wings of the 1ine Ha. A similar (but, preprolonged)
phenomenon of nonstationary AFFS was filmed by us in
detail at the phase of flare decay (1b) on the
second of August. Thin (=1 to 3") thread-Tine
arches, joining magnetic_fields of opposite polarity,
were visible only on filtergrams taken in the red
(up to 86X, = 3. 1) wing ?Figure 7). That fact
that AFFS stood out clearly against the background
of bright flare flocculi as well as far away from the
line center, pointed to a relatively large density
of the moving material down at both ends of the arch

at the rate of Vy = 200 €o 250 km/sec (!). The Fig. 5. Coupling of two ribbons in the
velocity along field Tines was nearly monochromatic eruptive phase of the flage.
(A Vp < 15 km/sec). A simiiar phenomenon after the Ah = 0.25 A, 6xy = - 0.4 A, t = 0643 UT

maximum flare was observed in the ftares of

August 2 and 7 and 11 as well as in other proton

flares [Roy, 1972]. AFFS have a great deal of similarity with AFS, studied by Bruzek [1969] for weakly
disturbed active regions. However, AFFS considerably differ by dimensions, velocity (for AFS V

250 km/sec) and extreme instability: the existence time of particular filaments was of the orger of

2 to 3 minutes. But new ones appeared again along the same trajectories. The difficulty involved in
understanding of AFFS nature consists in the fact that for observed velocity magnetic Mach-number was
=15 to 20 but at the same time there remained a strict nonturbulent thread-Tike structure of the
filament. The kinetics of these arches and why they are visible only in the red wing Ho is not clear.
The total energy (even by a rough estimate) of the substance movement in all the arches AFFS during the
whole eruptive phase of the flare exceeds the flare energy by a factor of = 1 to 2 orders. It means
that during the eruptive phase an additional comparative flow energy generation that was not taken into
account in accepted theoretical flare models must take place.

The flare eruption phase started when the microwave part (A < 10 cm) of the IV type burst
finished. However, a new sharp rise of intensive "stationary" (in the meter and dekameter range)
component of the burst of IV type is connected with the eruption phase. Let us note that radiophenomena
of this kind in the meter and dekameter range often followed chromospheric material ejections into the
corona as observed optically.

In addition to the above mentioned unstable phenomena of the eruption phase we can add the
following: the discovery of y-radiation in particular lines of the flares of August 4 and 7 not only
in the initial phase but also after the maximum of brightness Ha [Forrest et al., 1972]; X-ray emission
for a long time and a Tong generation of solar cosmic rays having energy spectrum which differs from
the initial (impulse) one. It also points to the fact that besides an impulse process there is a non-
thermal process of energy generation, which evidently operates at high altitudes and during almost the
whole flare.

It should be noted that the comparison of Ha filtergrams for flares of August 2, 4, and 7,
characteristics of X-ray bursts and radio-wave radiation spectra leads to the preliminary conclusion of
their homologousness.
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(a) (b)
Fig. 6. AFFS Phenomenon

(a) Filtergrams in red wing. A\ = 0.25 R, 6% =+ 0.6 A, t = 0658 UT
(b) Filtergrams in blue wing. ) = 0.25 A, 6%, = - 0.6 A, t = 0658 UT

N

On the other hand, proton flares in the
August group have a number of analogies to the
past. For example, the proton flare group
observed in July 1959 (10, 14, and 16 July) had
much in common with the August flares. The spot
group in this case was similar to group No. 223
by its appearance and magnetic class (46" configu-
ration). A considerable analogy can be established
as well in the character of flare development,
location and shape of flare flocculi, and so on.

It is interesting that in the development of the

complex of geophysical phenomena, caused by flares,

in this case there is also much in common. We E
should Tike to stress with it that above mentioned

features of the development of the proton flare of

August 4, may have a more general character.

S

Fig. 7. AFFS phenomena during the flare
Importance 1b of August 2, 1972.
Ax = 0.25 A, 8x, =+ 1.6 A, t = 0736 UT.
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Observations of the August 4, 1972 Chromosphere Flare at Abastumani

by

M. Sh. Gigolashvili and E. I. Tetruashvili
Academy of Sciences of the U.S.S.R.
Moscow, U. S. S. R.

An intensive chromosphere flare (importance 3; coordinates: 97= N 14°, Carrington Tong. = 9°) has
been observed simultaneously with the photosphere-chromosphere telescope, the horizontal telescope ALlY-5
[Nikolsky and Khetsuriani, 1969] and the Lyot type coronograph [Tetruashvili, 1967].

The photographs taken with the photosphere-chromosphere telescope are given in Figure 1: (a) the
sunspot group; (b) the flare in the Ho Tine at 0646 UT on August 4, 1972.

Fig. la. Fig. 1b.

Fig. 1. Photographs obtained with the photosphere-chromosphere telescope: (a) The sunspot group; the
arrow points to the Tocation where the main spectrograms were obtained with the horizontal
telescope AUY -5 and the Lyot type Coronograph; and (b) the flare in the Ha line at 0646 uT,
August 4, 1972.

The flare spectrum has been obtained in the wavelength range from 6600 A to 3300 A with the
telescope ANY-5 and from 6600 A to 4800 A with the coranograph in the time interval from 0650 to
0830 UT.  The emission Tines observed are given in Table 1.

Table 1
Wavelength Element lavelength ‘ Element
6562.81 Ha 3829.36 Mg I
5895. 94 Na (D) 3824.45 Fe I
5887.97 Na (D2) 3820.44 Fe I
5875.64 He (93) 3761643 Fe I
4861.53 He 3761.32 Ti IT
4101.74 Hg - 3759.30 i IX
3968.49 H Cal 3749.50 Fe I
3933.68 K Call 3748,27 Fe T
3930, 31 Fe I 3745.67 Fe I
3922,.92 Fe I 3745.61 Sm II
3905.53 5i I 3737.14 Fe I
3889.05 H8 3736.92 Ca II
3886,29 Fe I 3734.87 Fe I
3859.92 Pe 1 3733.33 Fe I
3838,30 Mg I 3719.95 Fe I
3832, 31 Mg I 3706.04 Ca II
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Absorption in the D3 He Tine was also present.

_ The following Tines have been analyzed: Ha, H8, He, H and K Ca*, D; and DoNa and DgHe. The
prints of the spectral regions close to Ha, HB, H and K Ca™, Dy and DoNa and DsHe obtained with the
hor1gonta1 telescope, and the prints of Dy and DoNa and DgHe obtained with the coronograph are given
in Figures 2 and 3, respectively. P; points indicate the places of photometric sections. The

corresponding Tine contours represented in Figures 4 and 5 are drawn as intensities expressed in the
units of the solar disk continuum spectrum.

Fig. 2. The prints of the spectrophotograms obtained with the ALY -5 telescope (film plates of
ORWO Rot rapid WP-1, exposure from 2 sec to 8 sec): 2a. in Ha Tine; 2b. HB in emission;
2c. HB in absorption; 2d. the region of Dy and DyNa and DgHe; 2e. H Ca II and He;
2f. K Cat. The points (Pi) show the places of photometric sections.

Fig. 3. The prints of the spectrophotograms obtained with the Coronograph: 3a. the region DsHe
with large radial velocities in absorption (0650 UT, the fiim Pe-3, exposure 1/250 sec);
3b. the region of Dy and DpNa and D3He in emission (0655 UT, the film P®-3, exposure
1/30 sec). The points (P;) show the places of photometric sections.

In the Ho and HB Tines (Figures 4a and 4b), besides the main emissions, the centers of which are
not displaced, one can separate discrete emissions having Doppler velocities +42 km/sec and +40 km/sec,
respectively.

During the course of the flare the motion of dark matter with large radial velocities was ob-
served. Upon measuring the spectrophotograms, the presence of such a displacement towards the red
end of the spectrum was confirmed.

The results of radial velocity measurements for Ha, HB and DsHe are given in Table 2. The radial
velocity measurements are accurate to = 2 km/sec. (Table 2). In the emission of the DgHe line (Figure

Bb, sections Py and Pp), Ax) = 0.28% and Ahp, = 0.27R. The equivalent widths Wy = 39mA and W, = 23mA

have been determined corresp%nding]y (the half-widths and intensities are corrected for the red com-
ponent of the D3 triplet; the contours of D3He are Gaussian).
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5a. the contour of D3He line (0650 UT);
and D3He lines (0655 UT).
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5b. the contour of Dy and DoNa

The contours drawn from the analysis of the coronograph spectrophotograms:




Table 2

Doppler velocities

Doppler velocities

Element in emission of dark matter
km/sec km/sec

Ho, +42 +95; +103

HB +40 +98; +104

He (03) 0 +36; +40
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The Dy (5875 A) Line in the Solar Flare of August 7, 1972

by

Juan M. Fontenla and Jorge R. Seibold
Observatorio Nacional de Fisica Cosmica
San Miguel - Argentina

Introduction

The D3 (He I) line is a triplet originated between the 23p and 33D levels whose wavelengths corres-
pond to 5875.618 A, 5875.650 A and 5875.989 A and whose relative intensities are 5, 3, and 1, respec-
tively. The two first components are equivalent to a line of 5875.63 A with a relative intensity of 8.
Thus, we can consider two components of wavelengths of 5875.63 A and 5875.989 A and relative intensities
8 and 1, respectively. Two telluric lines can be found at 5875.596 and 5875.769 A. The Dy line is
invisible in the normal atmosphere of the Sun. It appears weakly in absorption in facular areas, and
its behavior is quite complex in flares, appearing either in absorption or in emission or in both at
the same time in different places of the flare, depending on the phase of the flare [Smith and Smith,
1963, and others].

Obsexvations

The flare of August 7, 1972 was of importance 3B at N14 W37. It developed from 1449 UT to 1721 UT
having its maximum around 1534 UT [NOAA, 1973]. Our spectrum was obtained in the San Miguel Spectro-
graph, after the maximum, at 1613 UT with an exposure of 0.8 sec., and a 1 A/mm dispersion in the third
order. An Agfa Avi-Phot plate was used. Structures of two seconds of arch can be spatially distin-
guished on the plate. An emission zone on the umbra of the subjacent spot, and an absorption zone on
the penumbra are distinctly recognized in our record (Fig. 1). We have drawn four profiles (Fig. 2).
The first one is on the emission zone that covers the umbra. The second is on the penumbra at 2,100
km from the umbra. The third one is on the penumbra at 4,200 km from the limit of the umbra, and the
fourth is at 6,300 km.

The characteristics of these profiles will be discussed later.

R N A S R S
- -1
- -1
Fig. 1. Flare spectrum of the Dy ) . - -
region. Higher wave-
lengths are to the left.
- -0.8
- -0.8
3 4
R S A1 A A

Fig. 2. Line profiles. WNumbers 8 and 1 indicate the components
of relative strength 8 and 1, respectively. The letter A
indicates atmospheric lines. The ordinate values corres-
pond to the intensities relative to the local continuum.
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Determination of Optical Depth and Doppler Width

Using the equation [ Svestka, 1972]

IG) = I 00 exp [-TCA)]"'/‘SO\,t) exp [-t(\)] dt (L
and assuming that S(\.,t) = S we have
IO = Io00) exp [-T)] +8 (L - exp [-T()]) (2)
that is equivalent to:
I0) - S _ . - -
o) 1+ ( i) 1) (@ - exp[-T00)] ). (3)

If the intensity observed in the line of relative intensity 8 is called Ig, and if the relative
intensity 1 is called Iy, and likewise with Tg and Ty, then

1 0.36,2
T =T - °
1= Tg (=g~ Fexp [ G )\D)] )e

Sinee Sg = S1 = §, if we replace them in (3) we have the relation:

IgG) -

Io () _ 1 - exp(-Tg) |, )
I;00) 1 L - exp(-1q)

Io00)

Taking account of the violet wing of the 8 component and by an iterative procedure we can obtain
the values of Ahp and Tg which better approximate the observed profile. 1In Table I we present the
obtained values ofTg and AAp in the four profiles., These values show an interesting result: the
optical depth decreases when going towards the umbra. This result is in accordance with those obtained
by Machado and Seibold [ 1973] when studying flares over spots in the H and K regions of Ca II. This
leads us to think that the emission of the flare is more diluted in the region located over the sun-
spots. Our results also show that optical thickness is not too high, in accordance with Kubes [1965],
Steshenko & Khokhlova [ 1960, 19627, Jefferies [1957], and Severny [ 1959]. It is necessary to remark
that these results have been obtained with the assumption of a constant source function.

TABLE 1
Profil T N(2°p) N(3°D)
rofiles s zﬁ A‘D TK(max) S ; I ; :
(4) (°K) (x10 ) cm em
1 0.8 0.24 34,000 0.77 2x1012 1.5%10%0
2 2 0.18 19,000 1.15 3.7x10%2 4.2x10%0
12
3 4.2 0.14 12,000 1.50 6.1x10" 9.0x10%°
4 ~ 5.3 ~ 0.15 - ~1.86 - -
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Estimation of the Kinetic Temperature

The asymmetrical profile of the line can be explained by the presence of the two components as
shown in the theoretical profiles in Figure 3 which were drawn from the formula

o, =A (L -e"h)

with

Ty =T VTSR I Chl- 0.36 12
e [ e e

The violet wing is in accord with the Doppler profile (taking account of the autoabsorption) in
the central parts of the line. Assuming that the widening is exclusively thermic, we can find the
upper limit of the kinetic temperature applying the formula

2
(Ap)~  _ 2kTy .
}\O _.2.1(

mc

In Table I we show the resulting values of maximum TKQ

In profile 4 (Fig. 2) the relative intensity component 8 (5875.634) is doubled towards the red
at a displacement equivalent to 6 km/s and the relative intensity component 1 (5875.989) is also
doubled at the same displacement. This effect can be explained as a relative motion of two parts of
the flare region or by the existence of a moving filament above this part of the flare.

1= -1

Tped ) =2
8255095 A2ye 0.98

1 i i |
1 e 1 8

Fig. 3. Theoretical resultant profiles from the two components.

Determination of the Source Function

The S value can be deduced from (3) once we have introduced in it the values obtained from T for
the center of the considered line and the observed values of I Qo). The values obtained for the

different profiles are: I
Profile 1: S = 1.30 I,
Profile 2: S = 0.63 IP
Profile 3: S =0.70 Ip
Profile 4: S = 0.79 Ip

Where I, is the intensity of the local continuum on the umbra and I, is the intensity of the local
continuum in the penumbra.

We obtain the continuum intensity from Allen [1963] interpolating between 5500 A and 6000 A and
calculating I, for the ® angle corresponding to the flare over the disk. Assuming that the values

I

u I
= 0,17 and —B- = 0.76
Iy Io

we obtain the values of Table I. This would indicate that S also decreases towards the umbra together
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with T. The values of this source function will allow us in the following section to estimate the
populations of the upper level of D3 transition,

Determination of the Populations of 23P and 33D Levels

The 23P level population can be calculated by using the known expression of optical depth for a
Doppler profile

2 .2 3
vV 23p -22
To = vl zo £ NGB | g 56 4 10722 - (23
me AKD AKD

For the profiles 1, 2, and 3 we introduce the T and AXD values obtained before. Thus, we have
the values of Table I.

N(33D) is found using the values of the source function corresponding to the flare over the pen-
umbra and the population (2 P} previously found. Starting from the general expression of the source
function [ Jefferies, 1968].

s =2ne” M1 By 7P _gne® Mo Bl

)‘5 nu g]. )\5 nl gu
where zn = N(BgD)
zny = N(2 P)

where z = height of the column.

_ - - - 3
Then, S = 1.02 x 108 (erg em™2 A 1 s ! ster l) Eﬂéjgl
N(27P)
Replacing S and N(23P) from Table T by profiles 1, 2, and 3 we obtain the values of N(33D).
The values obtained for N(23P) and N(33D) are one or two orders of magnitude lower than those

obtained by Steshenko and Khokhlova [1960] but our spectrum was taken after the flare maximum so that
lower values for the population of these levels can be expected.

Estimation of the Electron Density

The Bolzmann-Saha formulae, taking account of the departures from LTE is
nz/n3 = (bz/b3) (gz/gS) exp (hc/kKTe)

As the relation n,/ng is known for what was stated previously, we can calculate the empirical
values for b2/b3 with aif erent electron temperatures. The bz/b3 results are shown in Table II.

In Table III we show the values calculated by Athay [ 1963] where his values have been changed by
the factor which corresponds to the statistical weight of the D sublevel in the third level. Upon
examining Table III it can be _seen that the empirical values %5 profi%e 2 corresponds to the theoreti-
cal with n, = 10tl - 1012 em™3 and the profile 3 with n, = 10 - 10 em” . This leads us to think
that the most zuitable temperature and density for our flare from profiles 2 and 3 would be Te between
10% and 2 x 10% and n, = 10 em™3 if we assume that Athay values can be applied, but probably his
calculatiors are not exact for a flare, due to the enhancement of the UV radiation density in the
flare region. With respect to profile 1, it has special characteristics and it seems to correspond to
a lower electron density. These values of electron density are reasonable for the post-maximum phase
of the flare [ Svestka, 1972].

TABLE 11
Te
Profile 10%°x 2x10%°K 3x10%°K
1 22 67 102
2 15 45 69
3 11 3 53
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TABLE II1I
Te
ne 4 40 40
10°°K 2x10°°K 3x10°°K
(em™3)
11
10 15 52 78
1012 15 40 55
13
10 9 16 19
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Changes in the Photosphere around the Locations of the
Knots of the August 7, 1972 White-Light Flare

by

V. Bumba and J. Suda
Astronomical Institute of the Czechoslovak Academy of Sciences
Ondrejov, Czechoslovakia

Introduction

The problem of magnetic field variations or structural changes in the photosphere and chromosphere
related to the occurrence of flares is still a very actual one. During the existence of the large
August 1972 proton-flare region we succeeded in obtaining a relatively good series of photospheric
pictures which cover the period preceding and following the large white-Tight flare of August 7. Having
the exact position of the white-1ight flare knots during the phase of maximum brightness from the
photograph taken at the Sacramento Peak Observatory [Rust, 19721, we were able to search for the changes
in the organization of photospheric fine structure elements in the neighborhood of these knots.

Observational material

During August 7, 21 series of photospheric photographs (several hundred pictures) were taken con-
cerning the large sunspot group. The instrument used and the method have already been described
[Bumba et al., 19731. The first picture was made at 05h 3Tm 00s UT and the last one at 15h 48m 10s UT.
The intervals between series varied from about 20 to 30 minutes, with two exceptions which were 47 and
48 minutes. The quality of photographs varied during the day too, but in the majority of picture-
series good quality photographs with resolution around 1" or better may be found.

The time interval between the last picture from August 7 and the first of August 8 was 13h 29m.
On August 8, 1972, the first picture was taken at 05h 17m 33s UT. During August 8, again, many series
of photographs were obtained.

Results

For better orientation in the sunspot group on Figure 1 the individual greater spots are indicated
by capital letters in the same manner as in another paper in this compilation [Bumba, 1973, Figure 21].
The knots of the white-Tight flare which are concentrated in the northern part of the group between
spots with prevailing northern polarity we shall call region A, and those in the center of the group
close to the spots E, E' and D' we shall denote as region B.

Relation to the magnetic field distribution and Ha flare

Comparing the position of flare knots with the magnetic situation we may see that they coincide
well with the boundary of magnetic field polarities as they are estimated from photographic measure~
ments (Pulkovo, Roma). Even in the region A between the spots A and B there is an inclusion of
positive polarity as may be seen from the course of fibrils in the penumbra fine structure [Bumba, 1973,
see Figure 2] and as was also recorded on August 6 by photographic field measurements at Pulkovo.

Region B of the flare parallels a light bridge having a specific form, which not only seems to
form the boundary between polarities, but there also seem to be great changes concerning the magnetic
field distribution especially in the northern part of the bridge itself. More detailed studies on the
basis of Ondrejov magnetic field photographic and photoelectric measurements are in preparation.

The knots of the white-Tight flare also coincide very well with the brightness maxima of the
monochromatic picture of the flare in the Ho Tine.

Changes of photospheric structure

If we try to characterize the general trend of the group development comparing the photographs
obtained during an interval of several days we have to state that generally there were small changes in
the group between the fifth and sixth of August, but there were changes between the $ixth and seventh of
August such that several spots diminished in area (spots B, D', E, E, D, C) and the influence of a
process of spot disintegration may be observed (see Figure 2).

In the northern part of the group (region A of the flare) this process of disintegration,
especially of the spot D' which has an opposite polarity to the neighboring spot B (see August 6), may
be seen. The inclusion of positive polarity between the spots B and A connected as we assume, with a
bright Tight bridge and several small spot nuclei, may be possibly related to this process. With the
disintegration of spot D' the area of penumbra between the spots B, D', and A diminished and another
Tight bridge which was clearly visible during August 5 and 6 between the spots D' and D was transformed
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Fig. 1.

Photograph of the proton-flare sunspot group from August 7, 1972 (06h 03m 53s UT), with
the scheme of spot nuclei distribution. The polarity estimations are taken from Roma and
Pulkovo observations. The positive polarity is the darker one. The nuclei with vertical
hatching are those without polarity estimations. The positions of white-1ight flare knots

are indicated as completely dark areas. The individual greater spots are specified by
capital Tetters.

156




“(Ln STz w9T Yg0) 2/6T 8 3Isnbny pue (In sg§ Weo ugp)
£ asnBny (10 sgy wez y£0) 9 asnbny (LN SGT Wye ygl) G 3snbny :sAep juenbasqns anoj
3y Sutanp dnodb 8y1 up saanlona3s opdaydsojoyd so juswdolsAsp 2y3 Buljedisuowsp sydeabBogoyd

AN Y

157



1N S9E WO YST puR In SET WS YTL LN SIE W00 U60 ‘LN SEG WEO Y90 261
a3 Bulanp saun1onuls opJaydsojoyd up sabueys syj Buimoys dnoub adeji-

<

£ 1snbny Jo Aep ajoym

uojoad ayz jo sydeabojoyq

g bl

158



into a region of normal photosphere. This region of photosphere continuously enlarged in area through-
out the whole day of August 7. The fastest changes may be seen in the northern part of the group on
the photographs taken at 1159 and 1509 UT (see Figure 3), where instead of the original Tight bridge
around the spot B a strip of rudimentary penumbra with elements similar to photospheric granulation may
be seen as a prolongation of a gulf of the photosphere from both northern and southern sides of this
strip.

This region also coincided well with the area where the relatively large photospheric radial
velocities change their direction from upward to downward [Bumba et al., 1973].

In the center of the group where the brightest knot of the white-Tight flare (region B) was
situated the changes seem to have a different character. In this place during the preceding days a
very fast development of a double chain of small nuclei and of a spatial form Tight bridge took place.
It has not yet been possible to estimate in detail the magnetic polarity of the individual nuclei. The
whole process of development of this specific situation must be studied separately. The form of this
region did not change very much from August 6 to August 7, only the influence of a disintegration
process may be seen again. Near this region, in the southern part of the group a strong magnetic field
gradient was observed between the spots C and E, visualized by the distribution of penumbra fibrils
between these two spots (see Figure 2). The gradient seems to be largest on August 5 and afterwards it
seems to decrease. On August 7 it seems that there is only the remnant of this gradient, visible now
mostly between the spots C and D, but there is still a singularity in the magnetic field observed
spectrographically as disturbances in a normal magnetic Tine splitting [Bumba et al., 19747.

Small nuclei surrounding the brightest knot of the flare demonstrated small changes in form,
position and area (see Figure 3). Those which are located just westwards from the main flare-knot
especially diminished in area. There were changes in the form of the Tight bridge separating the spot
E'' from the main body of double spot E, E'. This bridge which was already in the form of an arc on
August 5 and 6 changed so that it split the spot E'' into two smaller nuclei. The indication of this
splitting may be seen during the morning hours as a brighter region in the umbra. On the pictures taken
around 1509 UT the spot E'' is divided into two parts, although on the photograph obtained around 1159 UT
the separation seems to be indicated only.

Again, close by, a small region with radial motions in both directions was detected. A large
region with downward radial velocities was found in the north-west part of the group, northward
and westward from the spots E' and E [Bumba et al., 1974]. In this region, small configuration and
position changes in the nuclei and Tight bridges may be observed during August 7.

The most evident changes occurred in the group during the night of 7-8 August. The most interesting
fact is that the changes in the region A led practically to the restoration of the situation to the
stage which was observed during the morning hours on August 7 (see Figure 2). In region B the very
complicated figure of the 1ight bridge and small nuclei simpTified so much that the mutual merging of
spots A, E', and E with the new formations which developed mostly during August 4 in the northern part
of the group between the spots A and E may be seen. Again, only very small changes concerning the
situation in the southern part of the group, between the spets D, C, and E which means outside the main
white-Tight flare regions are detectable.

Conclusions

To summarize the results again as in so many cases we can only say that there were changes in the
position, form, direction and area of photospheric structures, but these changes were observed before
as well as after the flare occurrence. They are Tocated very close to the position of the main flare
knots, and they have to be connected with magnetic field configuration and strength variations, but we
still do not know the physics of these relations.
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The Limb Flare of August 11, 1972

by

M. Waldmeier
Swiss Federal Observatory, Zurich

The large sunspot group that crossed the sun's disk from July 29 to August 11 was the site of
major flares on August 2, 4, 7 and 1l. Characteristically, the interval between consecutive flares
increased during the development of the spot group. The last of this series of flares occurred when
the group was almost exactly on the western limb. This situation allowed optical observation of the
coronal disturbances connected with the flare.

Ho Records
In the time history of the August 11 flare five phases can be distinguished:

1. The pre-flare phase: A spicule-like prominence which existed for more than two hours in an
unchanged state, began to brighten at 1210 UT.

2. The flash phase: At 1216 UT the prominence had reached flare-brightness. IL expanded in
height and width. Between 1216 and 1228 UT the top of the flare was rising at a speed of 32 km/s.

3. The spray phase: At 1228 UT several blobs were ejected with high speed. One of them could
be followed on ten consecutive pictures. In eight minutes its vertical speed increased from 165 km/s
to 745 km/s with a nearly constant acceleration of 1.32 km/sz.

4, The surge phase: At 1235 UT a surge ejected out of the flare. It reached its full develop-
ment at 1250 UT with the uppermost knot 400,000 km above the solar limb. Afterwards, its matter
fell back and faded. The surge came to an end at about 1310 UT.

5. Post flare loops: At 1300 UT before the surge had disappeared completely a bright filament
was seen rising, forming a loop. Initially the velocity of ascent was 4.2 km/s and decreased to
1.8 km/s after 1600 UT. At the end of the observation (1630 UT) the loop had reached a height of
46,400 km.

GCoronal Observations

Goronal observations were begun at 1325 UT at which time the flare and the surge were already
over. Thus, the observations concern only the last stage, the loop phase. Surprisingly, the in-
tensity of the line 5303 & decreased from 140 (unit = 106 of 1 & of the solar continuum) before the
flare to 38 at 1325 UT. At 1332 UT when the loop was already in full development, the line was still
remarkably weak (I=39). But then the intensity in the loop increased strongly. At 1345 UT it
amounted to 118, at 1347 UT to 174 and at 1350 UT to 220, decreasing gradually to 200 at 1400 UT
and to 180 at 1430 UT.

At 0640 UT the line 5694 & was visible with low intensity (I=39) above the spot group. This
emission came from the permanent condensation that covered the whole center of activity. After the
flare, the intensity increased very strongly. It amounted to 200 at 1332 UT, 240 at 1345 UT, 220
at 1347 and 1350 UT, 150 at 1400 UT and still to 110 at 1430 UT. We have the unusual case that
the line 5694 & reached a higher intensity than the line 5303 &. Furthermore, the yellow line
reached its brightness maximum earlier than the green line. The intensity ratio 15694 /I5303
amounted to 0.3 at 0640 UT, 4.7 at 1325 UT, 5.1 at 1332 UT, 2.0 at 1345 UT, 1.3 at 1347 UT, 1.0 at
13,50 uUT, 0.7 at 1400 UT, and 0.6 at 1430 UT. This variation demonstrates that the temperature of
the loop was very high at the beginning, decreasing gradually in the course of development.

X-ray Emission

The flare began at 1216 UT, reached its maximum brightness at 1230 UT and came to an end around
1300 UT. The X-ray burst started simultaneously with the flare. Maximum intensity occurred at
1219 UT in the spectral region 0.5 to 8 &, but not before 1307 UT in the region 8 to 20 . The
burst lasted until 1539 UT, thus being of unusually long duration. It not only persisted during
the flare phase, but also during the much longer loop phase. The ionospheric disturbances produced
by the X-ray emission started at 1217 UT, reached their highest intensity between 1225 and 1245 UT
and lasted until 1400 UT, thus one hour longer than the flare. This post flare disturbance coin-
cides with the loop phase. Both the post flare X-rays and the post flare ionospheric disturbances
indicate that the loop is also a source of intensive X-ray emission.

Radio Bursts

In radio spectra the sun was completely quiet during the hours preceding the flare. The first
strong bursts occurred at 1210 UT at the time when the micro-prominence began to brighten. TFurther
bursts occurred at 1216 UT, thus at the beginning of the flare, and at 1222 UT. All those bursts
were restricted to frequencies >1000 MHz. A series of bursts of type II and III appeared in the
spray phase between 1230 and 1240 UT. More bursts were recorded at 1313 UT at the beginning of the
loop phase. Weaker bursts appeared around 1345 and 1418 UT when the loop was still in progress.

A more extended report on this flare will appear in 'Solar Physics''.
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The Great Limb Phenomenon of August 11, 1972

by

Claes Bernes and U1f Kusoffsky
Swedish Astrophysical Station
Anacapri, Italy

Introduction

At 1216 UT on August 11, immediately before passing the west Timb, McMath region 11976 produced
the last visible great flare in the series starting on August 2. At the Swedish Astrophysical Station
in Anacapri we observed the flare and the related surge and Toop system with our patrol instrument,
fitted with a 0.7 A Ho filter. An f/100 20-cm horizontal telescope with a Babcock grating was used
to obtain spectra at Ha in the fourth order, giving a linear dispersion on the film of 1.4 R/mm.

50 filtergrams at the Ha center as well as in the wings were taken of the surge between 1227 and
1259 UT. During the same time interval, 26 spectra with simultaneous slit-jaw pictures were secured.
The subsequent loop system was covered with 9 filtergrams and 4 spectra.

Morphological Description

Small scale prominence activity at N10 W90 started at 0704 UT (flare patrol began at 0555 UT).
Enhanced activity was noted at 1205 UT and was followed by a brilliant limb flare, temporaliy coin-
cident with radio bursts and X-ray peaks, and starting at 1216 UT. By 1222 UT the intensity had
decreased, and the initial phase of the surge began.

In Figures la-d, the outlines of the surge have been sketched at 1232:35, 1239:10, 1244:15 and
1252:15 UT, respectively. The positions of 28 selected condensations are plotted at half-minute
intervals (note that condensation No. 1 can be seen both in Figure la and 1b, and No. 6 both in
Figure 1b and lc.

Figure la shows the initial phase when the ejection was confined within a tube inclined 40-45°
to the radial direction, measured in the tangential plane. Spectra taken at that time (Figure 3a;
slit position ndicated in Figure la) show velocities in the line-of-sight direction that are small
at the base of the surge but increase with height. Condensations 2-5 which were then ejected could
thus only be followed to a height of 120,000 km, where 1ine-of-sight velocities away from us of
about 150 km/s placed them outside the passband of the filter.

The inclination of the main stem of the surge changed very rapidly towards the radial direction,
as can be seen from the Figures. Condensation No. 1, which appeared at the very beginning of the
surge, could be followed for 22 minutes out to a distance of about 400,000 km or 0.58 Ry from the Timb
(1244 UT). Six minutes later, a small knot above condensation No. 15 reached about the same height.

Condensation No. 1 was large and ‘brilliant compared with the other ones. As judged from spectra,
this plasma cloud showed clumpiness and internal motions. It also had the highest acceleration and
reached a maximum tangential velocity of 750 km/s. The velocity curve is drawn in Figure 2.

Between 1239 and 1247 UT the general appearance of the surge remained fairly unchanged. The
main stem reached 150,000 - 200,000 km above the surface. The knots in this part of the surge could
only be traced over relatively short distances, so the velocity estimates are uncertain, but the
measurements seem to indicate that the visible condensations in the stem moved with nearly constant
or slightly increasing velocities, as can be seen from Figure 2. The higher condensations in the
stem generally moved faster than the Tower ones. This velocity pattern can also be derived from the
spectra ¢ and d in Figure 3, which were obtained at 1247 UT simultaneously with Figure 4. The slit
was orientated parallel to the surge. Spectrum c shows the base and spectrum d shows the medium
part of the surge. As can be seen, the average velocity increases with height, mainly in the di-
rection towards us. The complicated plasma structure is also clearly demonstrated. The existence
of broad emission features, some of them tilted, with differential velocities implies a hot, dense
and turbulent plasma. The complicated nature of the phenomenon is again shown in Figure 3b, taken
at 1240 UT at a height of 80,000 km with the s1it oriented perpendicular to the surge. The position
of the s1it is indicated in Figure 1b. The condensations above the main stem show a deceleration
more or less of the order one can expect in a purely gravitational field.

At 1247 UT a splitting of the surge could be discerned (knots 10 and 12 in Figure 1c). Most
of the surge above 100,000 km was broken up at 1252 UT. This breaking-up process continued during
the rest of the Tifetime of the surge (Figure 1d). The last remnants disappeared at 1320 UT.

33 minutes after the beginning of the flare, a Toop system started to develop at the base of
the surge. The tops as well as the Tegs of the Toops were extremely brilliant. Spectrum 3e, taken
at 1249 UT at the top of the loop, shows very bright emission, and a weak continuous emission is
clearly visible on the negative. This type of post-flare loop appeared aiso in connection with the
flares of August 4 and 7 in the same region.
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Figures la-d show the outlines of the surge at 1232:35, 1239:10, 1244:15
and 1252:15 UT, respectively. The trajectories of 28 knots are plotted.
The dots in the diagrams are separated by half-minute intervals. The
vertical Tines represent 50,000 km. S1it positions for the spectra shown

in Figures 3a-b are indicated.

Fig. 1.
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Fig. 2. Velocity vs. time diagram for some surge fragments.

Discussion

The loop system consisted of downfallen material from the surge. Assuming that matter, after
having faded from view, was affected by gravitational forces only, but returned along the same path,
and calculating the time between Tast sighting and fall-back, we found that the time of the first
arrivals of downfalling matter at the upper chromosphere should be approximately 1250 UT. Many
condensations could be expected to fall back around 1320 UT, and the downfalling would go on for
hours. Only one condensation (No. 1) was observed to reach the escape velocity.

The result of the calculations mentioned above is well in accordance with the behavior of the
Toop system.
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Fig. 3. Ho spectra taken at 1232:35, 1240, 1247, 1247 and 1249 UT, respectively.
See text for explanations.
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Fig. 4. Filtergram obtained at 1247 UT,
simultaneously with Figure 3c and d.
At this time the surge shows the
first tendencies of splitting and
also a twisted shape.
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3. SOLAR RADIO DATA

Summary on page 4
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Total Flux and High Resolution Fan Beam Observations
of the 2800 MHz Solar Activity in August 1972

by

A.E. Covington and M.B. Bell
Astrophysics Branch
National Research Council of Canada
Ottawa

Detailed records of the total solar flux at 2800 MHz from August 1 to August_16,
1972 show various kinds of bursts with intensity ranging from a few flux units (10 22
watts/M?/hz) to values of 4500 and 9700 for the Great events of August 2 and August 7.
The usual value for the quiet daily flux level for August 7 is not obtainable. The
slowly varying component has a period of 28 days with a sudden and permanent advance in
phase of 4 days after the activity of August 7. High resolution drift curves were
obtained with fan beams of 1.5 min and 0.5 min arc during the post-burst enhancement of
August 7 and located the radio emission within McMath-Hulbert region no. 11976. The
radio visibility of this region across the disc is compared with the cosine
curve. Central meridian passage occurs on August &4 when a flux of 34 units was reached,
and the E.-W. half power extent of the region is 1.9 min arc. On the assumption of
similar N.-S., extent the equivalent temperature is 4.8 x 10% °K, A "ecool region”
appeared in the quiet solar disc background on the 7th and 8th.

Introduction

The total solar radio flux at 2800 MHz is measured regularly with a 1.8 meter
reflector at Algonquin Radio Observatory (ARO), Lake Traverse, Ontario and the results
published monthly in two parts: ome part gives values of the flux representing the com-
bined emissions from centers 0f activity and from the undisturbed solar background
while the second part gives numerical values to describe the characteristics of the
enhanced flux associated with flares. Records are also taken on a frequency of 2700 MHz
with similar equipment at the Dominion Radio Astrophysical Observatory (DRAO), Penticton,
British Columbia and intercompared with those taken at ARO. The records are visually
examined to eliminate various spurious signals such as those from atmospheric scintill-
ations, multipath interference between the direct and indirect rays, radar and other
kinds of interference and confirm many burst features which would otherwise be ignored.
In addition to the total flux measurements, single strip scans of the sun are regularly
made at local noon at ARO with fan beams 1.5 nin arc and 0.5 min arc E.-W. Only the
broad beam scans are regularly reported with reduced scales in Solar-Geophysical Data,
N.0O.A.A., Boulder, Colorado. These records will be studied for a period of the declin-
ing sunspot cycle which includes two remarkable flares and is not intended to be complete
in all details. Only those associations with the regularly published optical features
will be made to draw attention to the unique characteristics derivable from the radio
sources in the hope that these will contribute significantly to the understanding of the
release of solar energy.

Description of the Records of Total Flux

The total flux records from ARO and DRAO for the period August 1-16 are presented
in detailed graphical forms in Fig. la and Fig. 1b. The traces have been copied from the
slow speed records taken at a speed of 1 1/2 in. per hour without regard to the intrinsic
quiet sun level and edited to remove any operational shifts in levels or other unwanted
operational marks. Such continuous records provide easy intercomparison and are of
approximately equal sensitivity as indicated by the calibrations in flux units per small
division entered on the left hand side of the figures. Other high speed records are
available but are not given as illustrations. No correction has been made for the
varying atmospheric attenuation which becomes dominant at sunrise and sunset and in the
absence of solar activity accounts for the droop usually present at these times. This is
particularly evident in the ARO records but is less pronounced in the DRAO records because
the effect is masked by nearby mountains. Two styles of tracing have been employed; those
for August 1 and 4 have been made with a smoothly changing line drawn to remove unwanted
variations and thereby leaving what can be considered as a true solar variation, while the
remaining records have been drawn to show all small variations and thereby duplicating as
closely as possible the actual record. On August 8, the two copies of the DRAO records
have been made on either side of the ARO trace and indicate how effective this method of
reproduction has been. Only the common variations in the two curves are regarded as real
and indicates that other variations are likely to be spurious. In the absence of bursts,
the daily flux is steady or slowly varying (S.V.) and its magnitude is measured regularly
with standard procedures at 14, 17, and 20 hours U.T. Such times as these away from
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Solar Noise Variations at 2800 MHz and 2700 MHz copied from records made at Algonquin Radio
Observatory ~ ARO - and from Dominion Radio Astrophysical Observatory - DRAO.
(Records 1% inch per hour)
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solar patrol appear as gaps in the records. Since one reading is usually adequate to
describe the solar flux level for the day, only values observable at 17 U.T. or local
noon at the observatory have been entered as a number in each panel in Fig, 1. 1If a
burst occurs during calibration, the quiet sun level before and after the burst is inter~-
polated and may be indicated by a dashed line. The dashed line is also used to separate
the burst from the daily level and is the zero for the burst intensity scale. The burst
profiles recorded on the slow speed records as well as on the higher speed records have
been examined and classified according to the prototypes presented in the Descriptive
Text for Solar-Geophysical Data. A tabulation of events is given in Publications of the
Astrophysics Branch #3 [1973]. The profiles for the indicated major off-scale burst

events of August 2 and 7 have been reconstructed from other channels and shown in Fig.
2a, 2b, and 2c.

SELECTED 2800MHz SOLAR
NOISE BURST
FLUX AUG 2,1972 A.R.O. OTTAWA CANADA

600 —
500 —
400 —
- RECONSTRUCTED FROM
LOGARITHMIC CHANNEL
300 —
200 —
100 —
° 1 l
18.40 18.50 19.00 U.T.
Fig. 2a, Impulsive, narrow profile component of Great Radio Burst

of Aug. 2, 1972 commencing at 18:38 U.T.
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Description of the Bursts for August 2 and August 7, 1972

The separation of the burst from the daily level as observed in a record of total
flux is unambiguous when the pre- and post-burst levels can be established and have the
same intensity. This indicates that within the errors of measurement the mechanism
responsible for the burst has little effect on the steady emission from the steady state
of the center. An exception is the post-burst enhancement which decays slowly over
several hours and its termination may be difficult to determine because of other varia-
tions arising from solar rotation or the natural evolution of regioms. Studies of bursts
in relationship to flare brightenings also draw attention to the corresponding situation
which exists for the separation of a flare brightening from a plage brightening. The
factors involved in the separation relate to the determination of the brightening of some
pre-existing feature, the emergence of completely new features, dynamic aspects and
sympathetic brightenings in remote places. Some of these factors have been investigated
by Covington and Harvey [1961] and by Saito and Covington [1963]. As a result of these
and other studies, it 1s the practice to commence the burst as soon as the flux departs
from the pre-burst level by an amount equal to the residual receiver noise. This is of
the ovrder of 1 flux unit.

For the intense bursts associated with solar protons detected in the vicinity of
earth during the years 1956-1961, Fletcher [1964] was able to derive a model profile
using slightly different terms for the components such as pre-burst and major burst.
These two characteristic variations are important in Great radio centimeter bursts and
were recognized by Harvey [1965] in a later study as impulsive bursts in which differences
in duration were found and described as narrow and broad profile impulsive bursts. The
post burst increase seen after many bursts is nearly always present with Great bursts and
appears to be associated with post-flare loop prominences. These characteristics are
recognized in the Great event of August 2 with the first narrow impulsive burst occurring
at 18:38 U.T. and with the second part consisting of three broad impulsive bursts
occurring at 20:30, 21:10 and 21:40 U.T. with different peak intensities. The repetition
of the three similar radio profiles suggest a repetition of the same phenomenon. The
profile of August 7 differs from that of the 2nd in two aspects, firstly there is difficul-
ty in establishing a daily quiet sun reference level, and secondly the narrow impulsive
burst profile appears to be missing. On this day, the records of the total flux show
that burst activity started a few minutes after sunrise with a normal impulsive burst
occurring at 10:50 U.T. This was followed by a post~burst enhancement and other activity as
seen in Fig. 1. The irregular activity terminated at 18 U.T. and a steady decrease set
in until it too, terminated at 23 U.T. when a steady level of 125 flux units was reached.
The extension of pre-burst level 1 into the period of burst activity is guided by
reference to the normal quiet sun variations seen at sunrise on August 6 and 8. The
transfer of these variations shows that level 1 continues into and appears as level 2 near
12 U.T. Since the preceding burst and its post burst increase is normal, the commencement
of the enhanced activity which preceded the Great burst will be taken as the small increase
seen at 12 U.T. with reference to base 2. These bases, 1-2 have been found to have a
level of 136 flux units. The linear continuation of base 2 into level 7 provides the usual
quiet sun level for burst analysis and is only partially represented by a dashed line.
This emphasises the fictitious nature of the usual burst reference zero since it does not
take into account the radio emission from the active center.

The rise at 12:00 U.T. base 2, was originally listed as the beginning of a Simple 3A
burst of duration greater than 2 1/2 hours. It has been reconsidered as extending to
provide a smooth, slowly changing enhancement which includes base lines 3 and 6 and lasts
until 23 U.T., thereby having a duration of 11 hours. Base line 3 was introduced during the
rise so that a shorter duration, long enduring burst or other non linear variation could be
recognized as starting at 13 U.T. and ending at 14 U.T. The peak intensity of the major
long enduring burst was reached at 14:30 and is 16 flux units above base line 2-7. At
this time, another secondary base line 6 was introduced to serve as the reference for any
subsequent short duration burst. In this case, the events are a precursor which occurred
at 14:30 and the great event at 15:05. Base line 6 also provides the reference for the
post-burst decay of the great burst before the decline of the long enduring burst
becomes evident at 20 U.T. The termination of this decline can only be judged from the
extra observing time of 3 hours obtainable from the DRAO records and has been taken as
23 U.T. when a flux level of 125 units was reached. Other base lines, 4 and 5, are
introduced to draw attention to a possible absorption feature or to the precursor for the
off-scale burst. The large number and complexity of the small events should not detract
from two important aspects, namely the long enduring burst of modest intensity which
makes it impossible to define the daily quiet sun and the superimposed great impulsive
burst with a broad profile. The first part or narrow profile is missing but could be
supplied by regarding the unusually short duration spike or burst of great intensity as
that component. For the long enduring event, solar rotation introduces other modifications.
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The Slowly Varying Component Associated with McMath-Hulbert Region No., 11976

The daily values of the observed solar radio flux taken at 17 U.T. have been plotted
for the period July 20 to August 17 in Fig. 3 and show the variation of the S.V. component
from one minimum to another. The days on which region 11976 are visible are also indi-
cated and are symmetrically placed with respect to the radio minimum. From this it is
concluded that most of the radio emission from the single pulse originates from, or is
associated with this region. Central meridian passage occurred on the 4th. On the 7th
it was necessary to use three levels for an adequate description of the S.V. component;
at 11 U.T. a preburst level of 136 units, at 14:30 U.T. a combined level of quiet sun
and long enduring bursts of 155 and at 23 U.T. a post "post-burst” level of 125 units.
Their inclusion in the plot of daily flux values (Fig. 3) shows immediately a discon-
tinuity of 10 flux units with reference to the dashed line which depicts the day-to-day
variation of flux of an assumed stable region with intensity to match the pre-burst level.
It is derived by shifting the post-burst levels the proper amount to obtain a countinuous
curve. The decrease in emission of 10 units is identical, to within the errors of
reduction, to the decrease observed from level 2 to level 7 observed omn August 7. A
recovery during the night is unlikely, and even if it did occur, it would only be
temporary. Thus the three hour decrease in radio emission of the S.V. component can be
extended to seven days untl the minimum value is reached.
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Fig. 3. Plot of observed daily quiet flux values observed at 17 U.T.
with modifications to show a visibility curve for a stable
center of radio emission.
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The minimum of the assumed stable region given by the dashed line has the interesting
feature that its magnitude of 105 flux units approximates the magnitude of the preceding
minimum reached on July 24-25. This equality justifies the assumption that the curve
depicts the visibility of a stable center and draws attention to a further asymmetry
produced by the enhanced flux for July 30 to August 3. This can be removed by assuming
values for the quiet sun level on these days as indicated by the crosses and thereby
providing the reference emission of a hypothetical stable center for ome disc passage
from July 24 to August 15. This reference curve has symmetry with respect to the C.M.
passage of the August 4 and is very similar to the average curve derived by Waldmeier
[1953]. The four days of excess emission can be regarded as the occurrence of a very
long enduring burst with peak intensity of 12 flux units. The impulsive burst of August
2 occurred during the decline of this event, and there is no trace of a permanent change
in the daily levels of flux such as appears to have happened after the 7th.

The extension of the post-burst decrease to several days places the event outside
the class of those events whose durationm is typified by the event of May 19, 1951,
Covington and Dodson [1953]. Analysis of that relatively short duration absorption
showed that it was necessary for ejected dark flocculus to lie over a bright plage. It
is here suggested that the decline of many days duration reflects a permanent diminution
of activity in one or more of the centers of activity. When a longer plot of daily flux
levels for this period is examined, it will be noticed that the minima occur with
regularity for three months before and for three months after August, and that the
average value of the lower envelope of flux adjusted for 1 A.U. shows a decrease of 18
flux units. Of this amount, 10 units can be assigned to the lowered level observed 11
hours after the commencement of the long enduring burst. A superposition of minima has
been made with reference to a 28 day wave and the result plotted in Fig. 4. The dashed
line and the specified days denote the 28 day reference wave. In addition té the change
in amplitude of the minima, a phase advance of 4 days can be clearly seen for those
occurring after the August events. Interestingly, the minima of July partakes of both
the pre- and post-burst positions. The presence of the S.V. Component outlines two
hemispheres upon the solar surface, one with minimum emission and the other with maximum
emission, The phase shift of four days in the center of gravity of these two areas is
directly related to the flare of August 7 and could be a mealBure of the energy supplied
by the event as well as a clue for the storage of the energy.
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Fig. 4. Superimposed plots of the minimum values of the Slowly Varying
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Other Burst Features of Interest

Other features of interest can be found in the records of total flux during the
period of August 1-16. When the active hemisphere was disappearing from view on August
13, (Fig. 1b) the daily traces are particularly free from spurious fluctuations and no
bursts occurred during the combined daily observing period. The measured flux values
at 14, 17 and 20 U.T. were 101.2, 99.1 and 96.1 flux units and are corrected for
atmospheric absorption. Such a decline is in contrast to the post-burst decrease seen
after the impulsive burst at 10:45 U.T. on August 2 in which a series of weak Gradual
Rise and Fall events are tabulated as stating at 12:40, 13:40 and 14:50 U.T. The "fall
only" reported at 16:45 U.T. was listed since the level before the calibration was 2
flux units higher than afterwards. It could equally well be regarded as the end of the
post-burst decrease for the impulsive burst. The succession of Gradual Rise and Fall
events in the Ottawa records has been noted by Kaufmann [1972] and he has suggested that
they be associated with oscillations sometimes seen in prominences. After the @reat
burst of August 2, on the morning of August 3, unusually heavy scintillations were
recorded after sunrise and terminated abruptly. These are presumed to occur in the
earth's atmosphere from local weather conditions. Other examples can be seen on the
traces on August 5 from 22 to 23 U.T. and on August 9 from 14 to 16 U.T.

High Resoclution Fan Beam Scans

Simultaneous strip scans of the sun are made with two fan beams positioned along
the local meridian at ARO with E.-W. widths of 1.5 min arc and 0.5 min arc. When proper
consideration is given to the coefficients for the angular variable in the function
describing the antenna profile, the low resolution antenna has the profile given by (sin
%/x)%2 while the higher resolution has the profile given by sin x/x. A study in. the
differences in the scans of elementary sources made with these two types of antenna patterns
and their interpretation has been made by Covington and Harvey [1959]. Observations with
the lower resolution beam are regularly presented in Solar Geophysical Data and here
reproduced as the upper curves in Fig. 5 for August 6, 7 and 8. The higher resolution
scans have only recently been commenced, Bell et al. [1973], and are normally taken
simultaneously with the lower resolution ones. Only those for the x2 vector are available
for this period and the records reproduced as the lower curves in Fig. 5. 1In these drift
curves, the extent of the photosphere has been indicated by a properly placed bar.
Examination of the curves show immediately that the increased resolution reveals unex-
pected structure for the radio spots, which may arise from two or more separated sources
since there is possible confusion from the wide extent of the N.~8. beam.

OFF||SCALE

. 2, 2
AU G 197 2 Upper drift curves made with sin x /x” fan
beam with 1.5 min arc half power width.

CooL
REGION

Lower drift curves made with sin x/x fan
beam with 0.5 min arc half power width.

E W E W E W
976 POST BURST 976

Fig. 5., Simultaneous drift curves made with high resolution fan beams
on Aug., 6, 7, and 8, 1972.
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On August 7, the scans occurred during the post-burst enhancement and resulted in
an off-scale registration for the lower resolution beam but not for the higher resolution
one. This observation enables the main peak of the high resolution scan of the centrally
placed radio region to be identified with McMath-Hulbert plage region #11976 and not
the smaller radio component which is located to the East some 2 minutes of arc. Here the gain
in information from the higher resolution curves applies only for the radio sources and
not the quiet sun since the unprocessed interferometer records emphasize residual errors
in the phasing of the antenna and the side lobe response from intensive radio spots orxr
other gradients which are superimposed upon the quiet solar background. Without further
technical adjustments or processing of data, these curves will be used for the radio
regions and not the quiet solar background. Only the low resolution drift curves are
calibrated from the total flux found each day from the solar patrol with a procedure which
places the level of the emission from the quiet solar disc found at sunspot minimum. This
corresponds to a value of 67.2 flux units as observed in 1964. The fluxes
for individual radio emissive regions are found with respect to a lower envelope which is
established over a period of time by solar rotation tracing out the successive levels of
regions of the solar background which appear free from intensive radio regions. It is
generally symmetrical with respect to the center of the drift curve. Parts of the lower
envelope which appeared on the 6, 7 and 8 are indicated by the dashed lime, and the
associated flux from this envelope was found to have a value of 83 units. A localized
depression below the lower envelope appeared during the post-burst decrease on August 7,
was present during the scan on the 8th and disappeared by the 9th. It has been designated
a "cool region"tand was not included in the determination of the lower envelope. The
feature is unusual and has not been associated with the usual solar features especially
published for August [McKinnon, 19727. Since many studies of the variations of the 10 cm
solar flux have shown excellent correlations with the x~-ray and x uv solar emissiomns, it
is suggested that the cool region in the solar background may be related to the coromnal
holes which have been found from satellite observations.

The positions of many of the radio sources can be followed for several days and give
confidence that isolated regions are being studied. The large component spot identified
with the post-burst enhancement in plage No. 11976 apneared without confusion on the eastern
limb on July 26. The position line with respect to the solar disc indicates that the
region is located in northern latitudes and consequently a value of 15° has been assigned
to it from the optically associated center. Two days later on the 28th, a companion
radio spot, or follower, appeared to the east of the region and is evident in all sub-
sequent drift curves. Its appearance on the Eastern limb coincides with the appearance
of plage 11977 and it could be tentatively identified by this association which would
place it in the southern hemisphere. However, examination of the position lines on a
number of days indicates that they do not pass through any prominent optical feature in
this plage and it could be that the satellite region is a follower to the main region at
latitude 15° N. This association is preferred since other follower components imn radio
profiles have been noted before, for example, in Fig. 3 and Fig. 8 in Covington et al-
[1962] and more recently in the radio profile of the centrally located region on June
21, 1972 shown in Solar-Geophysical Data [No. 335, part 1, page 16]. Unfortunately, the
follower and other regions of interest cannot be separated when they disappear because of
E.-W. pileup and N.-S. confusion. When valid, the low resolution composite profile has
been analysed to give the total flux which originates on various days from the two close
radio sources; one associated with plage 11976 and the other designated a follower.
Separation of the flux between these two regiomns is domne by use of the high resolution
profiles (Fig. 6). Other radio parameters associated with the plage 11976 are the
longitude of the radio peak at the assumed latitude of N 15°, the E.-W. extent of the half
power width and the equivalent temperature based upon an assumed square emitting region
and are presented in Table I,

The day to day variations in the radio parameters associated with the regions of
interest are plotted in Figs. 7 and 8. In the absence of an established average
visibility curve for a radio source traversing the solar disc, a cosine variation has been
accepted for reference and plotted to pass through the rising and falling parts of the
total flux from the two sources (Fig. 7). This places the peak on the day of central
meridian passage of August 4 such that the observed level of daily flux falls below. It
is noted that three major bursts were observed during this period and suggested that the
deficit from the visibility curve may be an indication of the energy lost by the flare
mechanism during this period. The burst of August 2 is at the beginning of this period
while the burst of August 7 is at the end. The appearance of the long enduring, post-
burst decrease suggested from the earlier study of the total flux records is not supported
by this interpretation. It is also not supported by the variations seen in the observed
E.-W. extent and the flux from the radio region associated with M 11976 plotted in Fig. 8.

* Measured flux is -1.2 units.
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Table 1
1.5 MIN ARC FAN 0.5 MIN ARC FAN
FLUX REGION M 11976
DATE 0BS SOURCES
TOTAL IN ALL LONG E.-W. TEMP,
1972 FLUX M11976 & |OTHER AT EXTENT X 108
17 U.T. FOLLOWER | SOURCES M 11976 |FOLLOWER | 15°N MIN ARC | EW=NS
July 20 }107.4
21 1108.2
22 1108.1
23 | 106.1
24 1106.1
25 |1 108.9 0.0
26 | 116.9 - (b) 1.0 (b)|0.0 - (d4) 1.0 0.5
27 1123.4 (b) 2.0 (b)|0.0 - (d) 1.2 0.7
28 1129.3 6.4 41.8 5.7 0.7 - (d) 1.4 1.4
29 | 134.9 16.2 33.7 14,7 1.5 - (d) 1.4 3.7
30 | 137.0 20.0 33.5 16.3 3.7 - (d) 1.5 3.7
31 | 145.7 27.8 37.3 24,1 3.7 E6Q 1.6 4.3
Aug. 1 151.7 39.1 28.7 36.6 2.5 E45 1.7 7.0
2 146.0 36.9 27.9 31.9 5.0 E34 1.9 4.5
3 142.8 38.8 24 .7 34.5 4.3 E17 1.9 4.8
4 141.9 38.2 22.3 34,0 4,1 w3 1.9 4.8
5 142 .4 41.2 15.6 36.3 4.9 Wil 1.7 6.2
6 139.4 38.5 15.6 34,3 4,2 W25 1.6 6.2
7 Burst(a) - - 42.2 (e)| 4.8 (e)] W35 1.3(e) 12.2 (e)
8 121.9 27.6 11.3 23.7 3.9 W48 1.4 5.7
9 120.4 24,8 12.7 21.3 3.5 W60 - (e)
10 | 115.5 20.9 3.3 - (e)i - (e)] w71 - (e)
11| 110.3 - (c) - ()] - (o) - (e) - (c)
12 | 104.8 - () - () - (&) - (e) - (e)
13 99.1
14 95.4
15 95.1
16 %98.1
17 | 103.8
(a) Preburst at 11.00 U.T. - 136
Quiet sun and active centre at 14.30 U.T. -~ 155
Post "post burst" at 23.00 U.T. - 125
(b) TUnresolved with 1.5 min fan, resolved with 0.5 min fan
(c¢) Severe confusion with other regions
(d) Appears off solar disc
(e) Post burst enhancement
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Fig. 6 High resolution drift curves of radio region associated with
plage M #11976 and its follower.

178




Fig.

OBSERVED

SOLAR FLUX
B 1] B
50
/’ \\
I’ A
] \
40 — o Y+—CO0S 8
30 |-
20
7
10+ ALL®
SOURCES OTHER \
IN RADIO
MI1976 & REGIONS ~®
o , FOLLOWER
[sTel7Taloliol TrTz13TaT5Te 71819l niliz[i3]
3l 10
JULY AUG 1972

B GREAT BURSTS OBSERVED AT OTTAWA

0 GREAT BURST OBSERVED AT MANILA

—e—e— OBSERVED RADIO FLUX ASSOCIATED
WITH SOURCES IN MCMATH - HULBERT
REGION # 1976 & FOLLOWER

——o—0— RADIO FLUX OBSERVED FROM ALL OTHER
RADIO REGIONS SHOWN IN il MIN
ARC SCANS

REFERENCE QUIET SOLAR LEVEL ABOUT
83 UNITS

--C0S 8 ASSUMED COSINE CURVE WITH MAXIMUM
WHEN REGION # 11976 NEAR SOLAR
MERIDIAN

? UNCERTAINTY IN E~W SEPARATION DUE
‘ TO PILE UP OF REGIONS IN NORTHERN
AND SOUTHERN HEMISPHERES

7 Plots of observed flux from radio sources associated with plage
M #11976 and follower, and from all other radio regions from
July 25 to August 10, 1972.

179




OBSERVED ]
SOLAR |
a) ®
FLUX 40 |~ /|\
]
I
30 |~ |
MIIS76
20 )
10—
FOLLOWER
0 =0
E-w f
EXTENT , | D)
(MIN)
5
L .
UNRESOLVED ;
0
TEMP ¢)
108 °¢
10—
5 ?
0 '
3[al5l6]7]8]9lio] tlzl3l4lslsl7lelslol l
| |
JULY AUG 1972
—&-—e—— OBSERVED FLUX, E-W EXTENT AND
TEMPERATURE ASSOCIATED WITH MI1976
—o—o— OBSERVED FLUX ASSOCIATED WITH FOLLOWER
—-¢— - VALUES OBTAINED DURING POST BURST
ENHANCEMENT
Fig. 8. Plots of observed flux from radio parameters associated with

Plage M #11976 alone from July 25 to Aug. 10, 1972.

The possibility that the observed decrease in the total flux is contained in variations
which involve all regions not associated with the longitude of the main regions was
examined by deriving their fluxes. Values are presented in Table I and plotted in Fig. 7.
The curve representing the flux from all other regions appears as a strong out-of-phase
component to the flux from the main region with a pronounced decline coinciding with the
disappearance of the main region. The two decreases from different regions of the solar
surface are compounded in the record of total flux and their simultaneity offers an
explanation for the long post-burst depression found in the earlier analysis of the total
flux. The single long enduring burst from July 30 to August 3 can also be separated into
two components, one in the main region as part of the rapid rise in flux from that region
at this time and the other in a different, single region from July 30 to August 1. For
convenience this is represented in the total flux designated "other regions" and appears
there as a single enhancement observed during a fraction of the day.
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Reliability of Analysis

The variations in emission have been evaluated in the presence of various errors of
the instrument and methods of reduction. The antenna beam of low resolution provides the
basis of the system and has been found to be extremely stable in various operating
conditions. The sensitivity of the low resolution drift curves is best determined by
reference to the total flux as measured by the solar patrol. Over short periods of time
the relative errors are currently of the order of #1%. Flux from individual regions
above the quiet sun background can be repeatedly found to within *2%. Since no extensive
studies of a statistical kind have been made with the new antenna, another source
associated with plage M 12246, has been analysed in a manner similar to the main study
and the results plotted in Fig. 9. The fitting of a cosine curve to the flux variations
indicate that it is a more stable region than the main one in August. Only part of the
scatter in the points in the curve can be explained in terms of the errors previously
mentioned. Two curves of the E.-W. half power widths of the scans have been plotted, one
for the low resolution and the other for the high resolution curves. Intercomparison of
these curves shows that the effect of the increased resolution is noticeable when the
regions are on the limbs, while inspection of the profiles when the region is near the
center of the disc indicates a flat top several beam widths wide with some structure.
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Fig. 9. Plot of observed radio parameters from a radio source associated

with McMath-Hulbert plage no. 12246 which shows a cosine
visibility curve from Feb. 22 - Mar. 8, 1973.
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HIGHLIGHTS OF RADIO ACTIVITY DURING DISK PASSAGE OF McMATH PIAGE NO. 11976

by

John P. Castelli and William R. Barron
Alr Force Cambridge Research Laboratories
Bedford, Massachusetts

and

Victor L. Badillo
Manila Observatory
Philippine Islands

Introduction

A number of surveys of the August 1972 period have already been generated which have
presented an overview of the period [Lincoln and Leighton, 1972; McKinnon, 1972, ete. ],
Several of the present authors prepared a summary of the important radio activity of the
period which was circulated as a personal communication to many researchers in September
1972. TLater this became a comprehensive AFCRL report [Castelli et al., 1973]. 1In this
latter report, the history of the disk passage of McMath plage 11976 was traced from a
radio viewpoint - principally in the dm-cm range. The report draws almost exclusively
from the patrols at Sagamore Hill, Hamilton, Massachusetts, and Manila Observatory,
Philippine Islands. The latter is operated under contract to the USAF. These two stations
in August 1972 furnished 100% time surveillance of the radio sun. Discrete frequency
activity in the 200 to 35000 MHz range and sweep frequency responses in the 24 to 48 MHz
range were observed. At times, optical, ionospheric, and particle emission activity were
related to the radio emission.

Despite the large number of many kinds of observations, it may seem strange to claim
that there was a shortage of data. Yet in retrospect, such indeed was the case. C(Certain
of the events, notably that of 7 August near 1520 UT, showed the unique value of centimeter
and millimeter patrol burst measurements - especially above 8800 MHz. Sagamore Hill was fine
in this respect but the lack of data at Manila above 8800 MHz was a serious limitation.
During the 7 August proton flare-burst, hard x-ray data would have been valuable to test the
Frost-Dennis [1971] suggestion that hard x-rays >200 keV are reliable for determining the
time(s) and occurrence(s) of secondary acceleration(s) of particles to high velocities.
During the 7 August event, the white light and millimeter radio data have been indispensible.

During the 4 August event at about 0630 UT, white-light flare data would have been most
helpful, in view of the other comparison type data available. Yet, neither positive nor
negative white-light information is available. The question of primary and secondary
acceleration(s) during flash phase(s) of flares is a problem which has received much
attention [Svestka, 1966, 1970, Najita and Orrall, 1970, Syrovatskii, 1972, etc.] and which
is still unsolved. Type II dekametric burst data for 2 and & August were especially helpful.
The resolution of Type II data at the University of Colorado at Boulder [Dodge, 1973] for
the 7 August event was especially good. Some observatories "missed" these events. They
were possibly masked out by the equipment saturating Type IV concurrent event. Apparently
some aspect of the University of Colorado equipment permits seeing of Type II's which other
equipments could not resolve. The recent availability of the University of Colorado Type II
data for four separate events in the 1515-1535 UT period on 7 August is a fortunate
circumstance,

Much has been said elsewhere about the many unusual optical and radio signatures which
would alert ome to the possibility of important future activity. In relation to the August
period, it was observed very early that the region, though comprised of numerous spots was
extremely compact [Zirin, 1973]. The delta classification of the region, the intense
magnetic fields for many days, the unusual plage intensity, the extremely high radio flux
density at the higher frequencies early in the period, etc., all alerted forecasters to
the possibility of impending activity.

31 July 1972

In considering the highlights of the radio activity of the period, 31 July was a most
important day from a solar physics viewpoint. On that date, McMath Plage No. 11976 was the
site of many (16) unusual high frequency solar radio events. Unlike most radio bursts, the
spectral cutoff of these events (on the low frequency side of fmax) was very sharp and
generally above 10,000 MHz. This type of phenomenon was a transitory thing - apparently
related to some stage of development of the active region. There were none of these events
on 30 July and only a few on 1 August. Because of the high frequency characteristic of the
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bursts, Manila with 8800 MHz its highest frequency, and indeed most of the other similarly
limited observatories, observed nothing. The one important exception was the patrol at
Slough, England, which observed some of the Sagamore Hill events at 19,000 and 35,000 MHz
during times of viewing overlap. Also, Pennsylvania State at 10,600 MHz observed a small
burst flux density increase for most of the Sagamore Hill events which from the apparent
nature of the event(s) were cut off before reaching 8800 MHz and were not observed. Hence,
data from these two observatories initially helped to confirm the validity of the events.

Several of the radio bursts were unambiguously related to sources within Plage No. 11976
through the use of flare-burst position timing information. From the similarity of the 16
spectra, it was a safe assumption that this region was the location of all the events. The
absence of reported optical (flare) data was distressing at the outset, especially since the
events were observed in the 7.5 to 15 and 15 to 30 KeV X-ray ranges of the University of New
Hampshire 0S0-7 experiments. Later inspection of the Cal Tech Big Bear Observatory H-alpha
film records for this period confirmed a short duration flare or brightening for all but one
of the events. Paradoxically, the event not confirmed was the burst which was most intense
at 35,000 MHz.
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Comparing optical, radio, and x-ray data, with only few exceptions, the flare-bursts
were characterized by impulsiveness and short duratiom. Figure 1 shows the peak flux density
spectra of the 16 events. Note the following: The spectral maximum when resolved is very
high. 1In contrast, the average fyayx for thousands of burst spectra 1968-1971 was only
about 6500 MHz. The ratio of fgpay to fout (where fout is the region of low frequency cut
off) is very small (~Ll.5 on average) with foy¢ occurring generally near or above 10,000 MHz.
Average values of fmax/foye are 3 to 4 [Guidice and Castelli, 1972], though ratios occasional-
ly are as large as 10 for some '"great" bursts. It is also evident that slopes on the low fre-
quency side of fpax are very steep (average 2 5), which in fact restricts the possibilities
of the dominant absorption mechanism. The strong magnetic field in the region is a basic
cause of the observed spectra.

In a comprehensive study of the 31 July events, Castelli and Guidice [1973] considered
(1) gyrosynchrotron self-absorption, (2) free-free absorption, (3) gyro-resonance absorption,
(4) plasma-frequency cut off and (5) ionized medium suppression (Razin effect) to explain the
low frequency slope of the burst spectra. (Not too much could be said about the high~frequency
side of the spectral maximum, since radiometric sensitivity becomes a problem for small events
at 35,000 MHz and above). Whereas for many burst spectra of both large and small events, it
is difficult to determine unequivocally the absorption mechanism involved; in the present
instance the decision was not difficult. With their unusually high spectral maxima and
cutoff frequencies, the spectra of the low-to-moderate intensity bursts (20-200 f£.u.) of
31 July 1972 are not statistically typical of those found in a large survey (1968-1971)
of burst spectra [Guidice and Castelld, 1972]. It appears that the burst-region parameter
that is different (and responsible for the unusual spectra) is the magnetic field in the
emitting region which is unusually strong probably because of the relatively low altitude
of the bursts in the solar chromosphere. From attenuating mechanism analysis, the most
plausable explanation of the observed spectra seems to be gyro-resonance absorption along
the lines of analysis of Takakura [1967].

It is not known if a similar development phenomenon takes place for proton-producing
regions in general, though a rapid survey fails to disclose periods when spectra similar
to those of 31 July 1972 were observed.

Proton Flare Bursts-Early Activity on 2 August 1972

From 2 to 7 August at least 4 proton producing flare-bursts occurred. The first ex-
tremely large burst of the sequence was a long duration complex, great burst which took
place on 2 August starting at about 0310 U,T. The Manila Observatory recording of this is
shown in Figure 2. The burst has the usual characteristics of a proton flare-burst; slow
rise to maximum, long duration, values greater than 1000 f.u. at y = 3 cm, intense meter
wavelength emission, etc. (The 24 to 48 MHz dekanetric activity which coincided with it
was a weak continuum event). The associated flare was importance 1B at Nl3o, £35°-37°.
The start time was before 0316, max 0410 and end after 0506 according to data from Palehua,
Hawaii and Teheran, Iran. Statistical radio burst data are given in Table 1.

Table 1

Burst Data From Manila Observatory of Barly Event on 2 August 1972

Frequency Start Max Duration Type Flux Density

MHz Time UT Time UT Minutes Event Peak Mean

8800 0309.50 0330.3 63.1 47 17500 760
0404, 0 1650U

4995 0309. 50 0331.8 62.4 47 16700 1020
040U, 5 2250U

2695 0311.20 0331.7 60.7 47 880U 980
040k, 8 22000

1415 0312.40 0331.5 59.0 47 326U 370
0406,.8 1060U

606 0312.4U 0323,0 90.0 47 950U 680
0340, 5 30000
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FIG. 2 GREAT RADIO BURST OBSERVED ON 02 AUGUST 1972
AT MANILA OBSERVATORY , R.P
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By 1800 U,T. on 2 August, the ATS-1 satellite in the 5-21 and 21-70 MeV ranges began
to show a slow increase in particle count, apparently from this event.

At 1837 U.T., Sagamore Hill was recording another great burst which was to last for
about 12 minutes. The start to max times were generally less than 2 minutes. For complete-
ness these data are shown in Table 2. ©Note that the event had an extremely hard spectrum.
Note also the weakness of the event at the longer wavelengths.

From local sunrise at Sagamore Hill at about 1200 on 2 August until about 2024 U,T,
the 24-48 MHz interferometer registered mainly an Intensity 2 continuum event.

2 August 1972-The Principal Event

The largest radio event of 2 August began between 1946 and 1952 with a precursor of
40 to 50 minutes duration having intensities of several hundred flux uynits. An enhance-
ment persisted into the complex (three maxima) burst which became {mpulsive near 2020 U,T,
It is impossible to accurately describe the period statistically, though a reasonable
summary of the burst parameters is presented in Table 3.
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Table 2

Burst Data From Sagamore Hill for HEvent of 2 August 1972 Near 1830 ur

Frequency Start Max Duration Iype Flux Density
MHz Time UT Time UT Minutes Event Peak Mean
35000 1838.4 1839.6 10.1 h7 810 300
*1 5400 1837.9 1839.6 11.6 U6 490 175
*8800 1838.0 1839.6 11.5 Ly 640 250
#4995 1838.2 1839.6 11.5 Ly 990 ey
*2695 1837.9 1840.3 12.2 a7 580 200
*1415 1838.3 1840,2 10.9 L 165 70
*606 1838.8 1843.4 10.9 3 16,6 7.0

*These had post burst increases starting at 1849.5 and lasting generally
50 to 60 minutes with simple 1's and simple 2's superimposed at about 1908.5,

Burst Data from Sagamore Hill for Principal Event on 2 August 1972
wie | Time vt | Mmeur | Mimter | bwt | e mech
35000 2036.5 2145.5 139.50 b7 950 250
15400 2039.0 2144 4 140.0U L7 3300 850
8800 2035.3 2144, 5 157.70 L7 10720 2500
4995 2035.2 2144, 5 169.8U 47 9050 2000
2695 2033.3 21440 185.7U 47 9256 1700
1415 2032.7 2121.9 186.3U 47 15000 3800
145 2032.7 2149.0 L7 7500
606 1959.4 2141.2 221.1U L7 80000 18000
410 1958.8 2141 .2 238.20 49 190000 2900
245 2000,3 21422 236.7 49 14800 3700

A clearer impression of the event is gained from the Sagamore Hill burst profiles

shown in Figures 3a, b, and ¢. An intensity 3, type II burst was also observed there at
36 to 48 MHz during the period from 2145.7 to 2149.5.

The dekameter continuum which had persisted much of the day broke into a type IV
burst of intensity 2 at 2024 and slowly increased to intensity 3 at 2045, Thereafter, it
declined into a continuum of long duration on 2 and 3 August increasing again in strength
to a type IV during much of 3 August and 4 August and back again to a continuum. There
was a pronounced increase in intensity to type IV on 4 August at about 0635 U,T, This
persisted for the next five or six hours. Thereafter a continuum prevailed wuntil 1800 U.T,
on 5 August. Comparison of the events at Manila and Sagamore Hill however, suggests that
there is a difference in equipment sensitivity.

187




10000~ (10722 wm=2 Hz™ )

8000-

6000-

9047

4995 MHz
2 AUG 1972

4000~

2000-

8800 MHz

FLUX DENSITY

15400 MHz

35000 MHz
500-

O i 1 L e ! 1 1 ' 1 ) 3 1 1 1 1 T T T T T T Li—
1930 2000 2030 2I00UT 2130 2200 2230 2300 2330

F16. 30 GREAT BURST OBSERVED 2 AUGUST 1972 AT SAGAMORE HILL RADIO
OBSERVATORY, HAMILTON, MASS.

188




14000-x (10722 Wm™2 Hz!)

12000-

10000~ 1415 MHz
- 2 AUG 1972

8000-

6000-

4000-

2000- g/)/vvwﬂ
0

T i T T T 1 i | | | | | I

FLUX DENSITY

10000~
- 9256

8000-

6000~

4000-

2000-

2695 MHz

—ee

O T ] T [ I | f i I | I [ t | 1 1 f I i I I i I | !
1930 2000 2030 2100 UT 2130 2200 2230 2300 2333l

FIG. 3b GREAT BURST OBSERVED 2 AUGUST 1972 AT SAGAMORE HiLL RADIO
OBSERVATORY, HAMILTON, MASS.

189




- 14800
14000- * (10722 wWm'?2 Hz')

12000~

245 MHz
2 AUG 1972

g
8.8,

FLUX DENSITY
g
3

-

1930 20000 2030 2000UT 230" 2200 2230 2300 2330 2400

—— 180,000
180000- * {10%# wm'? Hz!)
160000~
140000~
. 410 MHz
120000- 2 AUG 1972

FLUX DENSITY

o Ny, N .

0 o ey N Ny - r
1830 2000 2030 2i00UT 2130 2200 2230 2300 2330

80000~ » (100 wm™® Hz'' ) —T—80000

70000-

80000- 608 MHz
- 2 AUG 1972
50000 -

40000-

FLUX DENSITY

30000-

20000-

10000 -

[ e e e s et S T T T L S e
1930 2000 2020 2100UT 2130 2200 2220 2300 2330
FIG. 3C GREAT BURST OBSERVED 2 AUGUST 1972 AT SAGAMORE HILL RADIO OBSERVATORY
HAMILTON, MASS.

The flare associated with the 2000 U.T. event of 2 August is generally classified as
a type 38 at N17, E28 (Long 7.1°). Film data from Palehua shows a start time of 2006, max
at 2051 and ending at 2336 U.T.

There can be no doubt that the activity of this event added to the particle emission
and PCA triggered by the flare-burst at about 0300. This had reached >1.5 dB at 0000 U.T.
(Thule) on &4 August,

Though moderate to intense dekameter activity persisted on 3 August, the discrete
frequency events were few and small. Nevertheless, the highest frequencies were again
favored among the bursts which did occur. Noise storm activity is another question. This
persisted at 245 and 410 MHz for 5 days after 2 August,
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The 4 August 1972 Event

On 4 August the second in the series of extremely large bursts occurred. The source
of this was a 2B or possibly 3B flare (Teheran) located in the same region now at about
N15, E09 (Long. 7.53), according to data from Teheran and Athens, The flare which started
at about 0617 U.T, had a max at 0633 and ended at about 0857. The radio burst as recorded
at Manila was among the highest ever recorded at 8800 MHz. 1In view of its intensity at
8800 MHz, we would have expected a very strong millimeter component. Table & gives the
burst statistics.

Table 4

Burst Data from Manila Observatory for Event on 4 August 1972 Near 0630 UD

Frequency Start Max Duration | Type Flux Density
MHz Time UT Time UT Minutes Event Peak Mean
8800 0618,8 0634.3 26.4 b7 36500 26600
4995 0618.4 0625,5 26,8 47 11000 14100
0635.0 19500
2695 0618,.4 0624,7 2643 uy 6600 4700
0635,7 7500
1415 0618,.5 0626,7 28.7 47 5000 2800
0633.4 6700
606 0620,0 0643,1U 28.2 47 ~ 60000U
245 0623.5 0642,3 181.0 b7 UNCAL

Figure 4 gives the Manila burst profiles. At the higher frequencies the burst
structure was almost featureless, lacking usually observed complex structure. Millimeter
data from other sources [Croom, 19721, confirms both the high values recorded at Manila at
8800 MHz and the hardness of the spectrum. The long duration and large flux density
values resulted in an extremely high integrated flux density. An intensity 2. type II burst
was also observed at 24 to 48 MHz between 0629.6 and 0633.5, We shall limit our comments
on the dekameter sweep frequency activity until later when we shall briefly summarize our
impressions.

On 4 August the PCA continued to increase influenced by the proton flare-burst at
0620 U,T, The peak flux density spectrum of this and other events of the period will be
discussed later. Actually the magnitude of the proton event was predictable from the
centimeter burst integrated flux density. The PCA at Thule, measured with 30 MHz riometers,
exceeded 14 dB on 4 August at 1200 U.T.; other stations measured polar cap absorptions as
high as 30 dB. There is no doubt that this was the largest particle event of the series,
based on Pioneer IX data [Lincoln and Leighton, 1972] and Explorer 41 and 43 data [Bostrum,
1972]. The 8800 MHz integrated flux density was also the highest.

After the great burst near 0620 U.T., the remainder of 4 August, except for a few
small bursts was dominated by noise storm activity. The same was true of 5 August which
was extremely quiet at cm wavelengths. On 6 August noise storm activity was present, but
now there was a reappearance of short em burst activity.

7 August 1972

On 7 August noise storm activity at 245 and 410 MHz increased and centimeter bursts
became more numerous though there was no 24 to 48 MHz dekametric activity. By 1200 U,T,
on 7 August the Thule riometer at 30 MHz had declined to 2.0 dB. Then at about 1422 U,T,
the third enormous burst of the period began. This ultimately reached a maximum near 1520 UT.
The associated flare at N14, W40 (Long. 100) was importance 3B beginning at about 1455 uT,
reaching maxima at 1521 and 1529 and ending after 1930 UT, according to patrols at Ramey
and Boulder. The flare was clearly visible in white light at the Sacramento Peak Obser-
vatory for seven or eight minutes with a maximum at about 1522 UT, though it probably began
before 1519 yT [Rust, 19731.
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FIG. 4 GREAT RADIO BURST OBSERVED ON 04 AUGUST 1972
AT MANILA OBSERVATORY , R.P

By 1540 UT a Ground Level Event had begun at the Deep River Neutron Monitor Station.
At 1610, this attained a 6.1% increase over the 1540 level. At 2300 UT the level had
returned to its original value,

The PCA which early on 7 August had declined to 2.0 dB at Thule, now started to rise
again, reaching 10.2 dB at 1800 UT on 8 August and possibly 12.0 dB by 9 August.

The radio event was observed at Sagamore Hill on all systems. Table 5, lists the
burst statistiecs. At mid cm range wavelengths, the burst or at least the preheating started
as early as 1422 UT according to information gained from experimental high gain channels.
The period between then and the impulsive part of the burst is what Syrovatskii, [1972] would
have called the quiet phase of the flare.
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Table 5
Burst Data from Sagamore Hill for Event of 7 August 1972 Near 1520 UT

Frequency Start Max Duration Type Flux Density
MHz Time UT Time UT Minutes Event Peak Mean
35000 1507.9 1521.8 26.0 L7 14700 4800
15400 1443.0 1522.6 23,6 Ly 18600 L600
8800 1434.0 1521.9 51.4 L7 27000 8900
4995 1422.0 1526.6 51.7 W7 8400 2100
2695 1435,5 1526.8 63.5 47 3900 980
15 1458,2 1516.0 31.8 L7 4200 1000
606 1451,9 1521.8 38.1 47 6900 1700

b0 1451.5 1521 .6 39.8 49 9500 1100
245 1436.0 1522.4 58.5 49 1400 340

Figure 5 shows the Sagamore Hill burst profiles of this event. The post-burst increases
which are not shown persisted longer than three hours before decaying to pre-burst levels.
Note that the complexity of structure is greatest at 15,400 and 35000 MHz. Note also the
progressive delay of burst maximum in the 8800 to 2695 MHz range - in contrast to the
alignment of various burst components across the entire band., The meter wavelength activity
was far from spectacular. It is significant that the 245 and 410 MHz noise storm activity
which had continued from 3 to 7 August suddenly ended at about 1752 UT, after the great
burst. This quenching of noise storm activity had been noted by Barron, [1972] and many
times by Abrami, [1972] at 234 MHz. An intense dekametric type IV event of short duration
in the 24 to 48 MHz range began suddenly at 1514.8 and ended at 1555 UT. At somewhat shorter
wavelengths the type IV event was in progress earlier. A group of type IIL's occurred in
the dekameter band between 1512 and 1514 UT, Though the occurrance of type III bursts has
been documented for proton events, the present authors prefer to relate the times of ac-
celeration(s) of particles to maximum velocities with the short wavelength microwave burst
features. They would also relate the evolution of dynamic processes, culminating in deka-
metric type II bursts; to times when the gradients of short centimeter wavelength burst
features were the steepest.

A certain number of qualitative conclusions can be derived from rapid inspection of
burst profiles. 1In figure 5, for example, though burst maxima at the highest frequencies
were near 1522 UT, and though the spectrum was quite hard at this time, there were at
least two earlier times near 1516 and 1518 UT when burst intensiries were very high. While
this in itself is qualitatively useful, it is only when we plot the burst f£lux density
spectra for many instants of time that we find quantitative evidence that the burst peak
flux density spectrum (above fmax near 9000 MHz) was extremly hard at 1516 UT and hardest
at 1518 UT. Figure 6 shows the spectra at several different times. We would relate these
times to the accelerations and start of mechanisms producing the three type II bursts
between ~ 1520 and 1530 reported by Dodge, [1973]. A fourth type II after 1530 UT remains
a mystery to us. OQur first impulse is to look for features in . 200 KeV X-ray ranges
late in the event, as described by Frost and Denmnis, [1971]. But, without this informationm,
and limited to the microwave data, we can only speculate about a possible significance of
the ) =10 cm. burst "peaking' as late at .1527, (correlated with meter ) coronal activity) -
as a possible indicator of the often invoked but elusive secondary acceleration.

For a short duration impulsive burst, it is logical to invoke a single accelera-
tion of short duration in the flare-burst region. However for a long duration complex
burst such as shewn in figure 5, it is reasonable to assume that the particle accelera-
tion is not instantaneous, but rather continues over some finite period of time with varia-
tions in the acceleration and in the energy distribution of the accelerated electrons.
Though there are different theories of how white light flares are produced, most are agreed
that the event begins very soon after highly energetic particles are produced. During
the 7 August event(s) the white light flare beginning before 1519 UT could not be related
to the burst time of maximum near 1522 UT, Rather the time of maximum burst spectral
hardness at 1518 UT is the probable time for the beginning of the white light event. The
burst power spectral index @ at this or any time. relates to the energy spectral index
in a known manner only for the ultrarelativistic case. The relation be tween ¢ and y’in the
present case is not precisely known, though progress is being made in this direction, [Ko,
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THE PEAK FLUX DENSITY SPECTRA

During the present sunspot cycle, the peak flux density spectra of bursts have often
been considered for their value as signatures of geophysical events [Castelli et al., 1967,
and Castelli and Guidice, 1972]. It has been found that great bursts in the 500-10,000 MHz
range have a peak flux density spectral signature which has been reliably related to proton
events. 1In the present series, all four of the principal events which exceeded 1000 flux
units in the X = 3 cm range had the U-shaped spectrum, so called. These are shown in
Figure 7. The data unless otherwise noted were recorded at Sagamore Hill or at Manila. The
latter had coverage only in the 606-8800 MHz range, while Sagamore Hill monitors the sun
additionally at 245, 410,15,400 and 35000 MHz. The vertical broken lines in the figure show
the range of frequencies where the U-shaped spectral signature is found and for which burst
flux density criteria apply. The signature is especially useful for bursts of 1000-10000
f.u. in the A = 3 cm range. All four events had a decisive U spectrum.
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The data plotted in this figure and the actual bursts from which they were drawn have
been seen in earlier tables and figures. The spectrum of the first event of the series is
shown in the lower part of the figure. Two spectral components are shown. Because of the
far easterly position of the flare-bursts, particle association was weak, with protons slow
in arriving. Nevertheless an increased particle count was recorded before the second event
of the series followed between 1800 and 2200 UT on 2 August. Data received from other
observatories confirms that there was no increase above 10000 MHz or below 500-600 MHz.

The second event of the series was observed some 16-18 hours later. Several things are
outstanding about this event. Note the high flux density at 8800 MHz (some 30 times above
the quiet sun) but much weaker intensity above 10000 MHz (not a hard spectrum) with less than
1000 f.u. at 35000 MHz. The greatest intensity of this event was in the meter-wavelength
range with 100,000 to 200,000 f.u. or about 10,000 times the quiet sun.
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The spectrum of the third in the series of events is shown at the top of the figure.
This event with a maximum on 4 August at 0635 UT may have been the most intense of the series
and appears to have been responsible for the largest increase of >10 MeV particles. Note the
extremely high intensities below 500 MHz and above 10,000 MHz. Sections of the curve shown
by a dotted line reflect data points from various European observatories. Like the 2 August
event, the burst spectrum here was very strong in the meter-wavelength range. Unlike the
2 August event, this event had a hard spectrum at short wavelengths based on millimeter
wavelength data reported from Slough at 19,000 and 35,000 MHz.

The fourth event of the series (7 August) had a radio maximum at about 1521 U.T. at Sagamore
Hill. The U is present in the figure, but note also the hard spectrum in the short cm and
mm-wavelength range. Note also in the meter-wavelength range to the left of the vertical
broken line, burst intensities are 1 or 2 orders of magnitude weaker than the events of 2
and 4 August. Yet, this event had both white light flare and ground level cosmic ray
association. As discussed earlier, it is believed that the intensity of the burst at short
wavelengths and hardness of the spectrum are fairly reliable signatures of more energetic
particles for white light flare and GLE association.

From this viewpoint, we might have expected similar associations for the 4 August event.
Actually, recently received data collected at the Thule super neutron monitor station
[Carrigan, Editor, 1972] shows a GLE starting at about 1325 UT with a maximum at 1433 UT.

This event was considerably larger than the GLE of 7 August recorded at the same site. Both
the intensity and spectral hardness of the 4 August radio burst in the cm - mm range suggests
that the associated GLE might be larger. The long delay between the 4 August GLE onset and
the probable source proton-flare-burst at about 0633 is anomalous [Pomerantz and Duggal, 1972}
with highly energetic particles arriving so late, possibly after the onset of less energetic
protons, e.g., >10 MeV. To the present, no white flare has been associated with the & August,
0633 event.

BURST INTEGRATED FLUX DENSITY

While burst peak flux density data as shown in Figure 7 are used as a '"yes-no'" predictor
of PCAs and >10 MeV proton events, the burst integrated flux density (mean flux density times
burst duration) can be used as a quantitative predictor of the maximum proton flux with
energies >10 MeV [Straka, 1970]. The series of intense bursts in August 1972 provided data
to test earlier successful studies on small to moderate size events against very large bursts
and proton events.

Burst integrated flux density for the four principal events has been calculated and is
given for each available frequency in Joules m~2Hz-L in Table 6.

Iable ©

Integrated Flux Density in Units of Joules M=2 Ha~1

Frequency 2 Aug 0340 2 Aug 2000 4 August 7 August
MHz
35000 2 x 10-16 0.87 x 10-15
15400 7.1 x 1016 1,06 x 10-15
8800 4 x 10-16 2.4 x 10715 | 3,5 x 10-15 1.84 x 10-15
4995 5 x 10716 2.0 x 10715 | 1,7 x 1015 0.61 x 10715
2695 b x 1016 1.8 x 10-15 0.7 x 10715 0.33 x 10-15
145 2 x 1016 5.2 x 10715 | 0.7 x 10715 0.25 x 10715
606 3 x 10-16 2.3 = 10-14 3.7 x 10°15 0.22 x 1015
410 4ot x 10-15 0,09 x 1015
245 5.25 x 10-15 0.09 x 10-12
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The integrated flux density spectra are shown in Figure 8. In general, the spectra are
similar to the peak flux density spectra of Figure 7. At 8800 MHz, the integrated flux density
of 3.5 x 1015 joules m'ZHz'l, for the 4 August event, was among the highest of the sunspot
cycle.

BURST ENERGY (TRANSFORMED INTO RADTATION)

From the data presented in Table 6 and Figure 8, it is possible to determine the energy
for the several bursts at the sun for portions of the radio band. These data are presented
in Table 7. Beyond this, one can arrive at corresponding estimates of energy in the H-alpha
and X-ray bands. During the period, in the radio events, there was a shift (over days) in
the outpouring of energy from the lower frequency band to the higher frequency part of the
observed spectrum,

Table 7
Burst Energy
Event Energy - Zrgs Energy - Ergs
600 — 8800 MHz 600 - 35,000 MHz
2 August 1972 o7 x 10%%
0330 UT
2 August 1972 39 x 102 7 x 10%%
2130 UT
4 pugust 1972 21 x 1024 120 x 102% *
0630 UT
7 August 1972 8.9 x 102¥ b9 x 1024
1520 UT

% TFrom use of Manila data with additional input from Slough, England

DEKAMETER SWEEP FREQUENCY ACTIVITY

Dekameter activity played an important role in the period. While Sagamore Hill and Manila
complement each other, they both operate with a limited bandwidth (24-48 MHz). Because of
the spectral characteristics of coronal events, sometimes radio emission is so weak as to be
undetected at heights where 24-48 MHz emission originates. MNevertheless, strong events are
observed in this range. Recognizing that there are restrictions of limited bandwidth, one
may still gain a picture of the large amount of dekameter activity which occurred by referring
to Figure 9. There can be no doubt that some of the longest duration Type IV events ever
recorded took place between 2 and 5 August 1972.

CONCLUSIONS

The highlights of radio activity during disk passage of McMath plage No. 11976 have been
presented. The events which the authors feel are most important from a solar physics viewpoint
have been emphasized. The characteristics of the 31 July events allow for almost unambiguous
interpretation of bursts having this type spectrum. The availability of several types of data
for correlation with the radio event on 7 August, have been helpful in studies which relate to
the particle-acceleration-mechanism and timing. Detailed analysis of burst spectral slope
development at frequencies above fj;y offers an exciting new application of microwave burst
data.
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"A Synoptic View of the Slowly Varying Component of
the Solar Radio Emission During 1972, With Special
Emphasis on the Period 26 July Through 14 August”

by

W.J. Decker and F.L. Wefer
Department of Astronomy
The Pennsylvania State University
University Park, Pennsylvania

Introduction

The Pennsylvania State University Radio Astronomy Observatory (PSURAO) conducts a daily solar
patrol at 10.7 GHz, 2.70 GHz and 0.960 GHz. The radiometers and their calibration have been discussed
in detail by Hagen and Wefer [1971]. The radiometers are operated primarily as a burst patrol. While
the output of each of the three radiometers is recorded at two different gains, the extremely high flux
densities of the largest microwave events during the period 26 July through 14 August were well off-
scale on all recorder channels. Because of this we are here centering our attention on the slowly varying
or S-component during 1972, with special emphasis on the Retrospective World Interval 26 July through
14 August 1972. The PSURAO burst data were included in the preliminary compilation of data for this
period by Lincoln and Leighton [1972]. Copies of the chart records will be provided upon request.

Source and Description of Data

Measurements of the background solar flux density are made at eight frequencies daily near
17:00 UT at the Sagamore Hill Solar Radio Observatory of the Air Force Cambridge Research
Laboratories (AFCRL). These measurements adjusted to 1 AU are published in the prompt reports
section of Solar-Geophysical Data. The background solar flux density is also measured daily near
17:00 UT and adjusted to 1 AU, at PSURAOQ at three frequencies; however, these daily flux values are not
presently regularly published. The data presented in this paper are from these two sources. Table 1
shows the ten radio frequencies of the data and the source of each.

Since it is the change with time of the background solar flux density which is of interest, not the
value of the flux density directly, the quantity which will be presented is the relative background solar
flux density or "% flux'" defined by

5,(t) - S,
Qy(t) = - x 100 %
SV

where QV (t)
S, ()

S
v

% flux at frequency v and time t,

[}

]

background solar flux density at frequency v and time t, and

average value of §,, (t) over the time interval of interest.

In this presentation §V is the average of the available noon values during 1972, These averages are
given in Table 1.

There are several advantages in using &, (t) instead of S, (t) directly. The % flux is more indic-
ative of the S-component since it incorporates both the flux density value and the long term average.
The time average of {, (t) is zero at each frequency, so that when presented as a contour map, the
reference level in the frequency-time plane is horizontal. Comparisons of &, (t) at different frequencies
are more sound since the % flux is immune from multiplicative calibration errors, including errors in
the measurement of the antenna effective areas. The importance of this can be seen in Table 1 where
the 2.70 GHz average is anomalously high for this reason.
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Table 1. The sources of the data, the logarithms of the radio frequencies, the
averages of the 1972 daily flux values, and the heights above the
photosphere at which the optical depth reaches unity are tabulated for
each of the ten radio frequencies at which data are being used.

SV hT: 1
Frequency Source -29 0 1 3

(GHz) of Data Log v (GHz) 10 Wm ~ Hz 107 km
15.4 AFCRL 1.19 533 7.2
10.7 PSURAO 1.03 419 9.4
8.80 AFCRL 0.94 282 9.6
5.00 AFCRL 0.70 157 10.5
2.70 PSURAO 0.43 194 11.5
1.42 AFCRL 0.15 80.8 12.8
0.960 PSURAO ~0.02 72.8 14.0
0. 606 AFCRL -0.22 56.4 16.0
0.410 AFCRL -0.39 29.3 19.2
0. 245 AFCRL -0. 61 13.2 32.0

Frequency - Time Contour Map

The % flux during 1972 is presented in Figure I as a contour map in the log frequency-time plane.
The map is in 3 four-month strips, the right-hand strip covering the period 1 January through 2 May, the
middle strip covering 2 May through 1 September, and the right~hand strip 1 September through
1 January 1973. The ordinates are labelled in log frequency. The values of the logarithms of the ten
frequencies at which data are being used are given in Table 1 above, The abscissae are labelled in days
with the tic marks located at 17:00 UT. The triangles along the abscissae indicate the time at which the
Carrington longitude of the central meridian was zero. Approximately 13.5 synodic rotations are shown,
starting with rotation number 1583 beginning on 31.4 December 1971,

2

In producing the map the values of S, (t) were first converted to L, (t) at each of the ten radio
frequencies. Missing values were then filled in by linear (in log v) interpolation and extrapolation in
¢ ,(t). Finally the entire grid for a day (226 x 4) was filled in by linear interpolation, first in log
frequency, then in time. The integerized values of % flux were used as indices in printing a symbol in
each rectangle of the grid. A portion of the symbol table is shown in Figure 2. The contour lines were
drawn at 10%, 30%, 50%, 70%, and 90%. The contour lines have not been labelled since there are only
four ambigious areas. These are lows on the left-hand strip and are indicated by "L". Areas where the
% flux exceeded 100% have been completely blackened. During 1972 such areas occurred only at radio
frequencies less than 0.5 GHz, An enlargement of the portion of the map covering the interval 25 June
through 1 September is shown in Figure 3.

Values of the height above the photosphere at which the optical depth reaches unity at the center
of the disk are given in Table 1 {Hagen and Barney, 1968 1. These values are naturally lower than the
altitudes of active regions summarized by Graf and Bracewell [1973]. Because the 7= 1 height is nearly
linear in log frequency for »>1 GHz, the log frequency-time contour map is also, in a sense , a contour
map in the altitude-time plane. The high directivity of S-component sources at low frequencies accounts
in large measure for the narrow appearance in time of the enhanced areas along the right-hand side of
each strip in Figure 1. The emission from active regions at the low frequencies originates much higher
in the atmosphere than the high frequency emission, and in Figure 1 they appear in many cases to be
independent. At frequencies greater than 1 GHz, there were seven periods in 1972 during which the 4
flux exceeded 20%. The periodicity of the S-component is apparent in Figure 1, as is the general decline
in solar activity evidenced by the predominance of negative % flux values on the right-hand strip.
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Fig. 2. A portion of the symbol table used in printing the frequency-time contour
maps is shown. Eight symbols correspond to a change of 109 in the
% flux.
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Fig. 3. An enlargement of Figure 1 showing the contour map of % flux for a two month period
including the Retrospective World Interval.

The maximum and minimum % flux values for 1972 are shown as a function of radio frequency
in Figure 4. The dip in the maximum curve near 1 GHz was unexpected. The maximum values at
5.00, 2.70, 1.42 and 0.960 CGHz all originate in the enhanced area near the center of the left~hand strip
of Figure 1. The structure of this single area therefore strongly effects the shape of the maximum
curve and causes the dip. It is not unusual for enhanced areas on % flux contour maps to display this
structure. Two additional examples are the area near the center of the right-hand strip of Figure 1
and the area associated with the Behind-The~Limb event of 1 September 1971 [Wefer, 1972].

The Retrospective World Interval

The Retrospective World Interval 26 July through 14 August 1972 is indicated in Figures 1 and 3
by the black band along the ordinates. The 9.1 cm. Stanford maps and the 10.7 cm. ARO East-West
Scans [ Lincoln and Leighton, 1972] indicate that during much of this period McMath Region 11976 was
the dominant region on the disk and so was mainly responsible for the enhanced area on the frequency-
time % flux contour map. A comparison of the development of the enhanced area with the appearance of
region 976 is instructive. Region 976 first appeared on the McMath-Hulbert Calcium Report [Lincoln
and Leighton, 1972]on 28 July, although X-Ray and 9. 1 cm active regions were apparent on the east
limb on 27 July. The % flux first reached 10% on 28 July, and remained high through the central meridian
passage of region 976 on 4 August. The % flux decreased to less than 10% on 8 August, the day following
the large flares, and several days before region 976 completed west limb passage.

The % flux peaked at 30.2% at 2.70 GHz on 1 August. Note the extensions of the 10% contour line
towards higher frequencies on 1 and 7 August. The AFCRL data on 7 August were effected by a burst,
and both of these features are probably artificial in the sense that the measurements do not correctly
reflect the strength of the S-component alone. The maximum % flux values during the Retrospective
World Interval are shown in Figure 4. The enhanced area whose association with region 976 was shown
above appeared one rotation before and three rotations after the Retrospective World Interval, although
the association of these four enhanced areas with the calcium plage regions is not clearly established
because of the presence of other active regions on the disk.
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Single Frequency Synoptic Maps

Single frequency synoptic maps for 1972 are shown in figures 5, 6and 7. This type of map was
devised to show the relation between successive increases in the S-component. These maps were

constructed as follows. First, each daily % flux value was assigned an abscissa (X) and an ordinate (Y)
where

X = number of days since the n th. central meridian passage of Carrington longitude zero, and

Y = n , the synodic rotation number.

While each daily value of % flux has an infinite set of coordinates, only those for which 0 <X <54,5
were placed on the initial grid of the maps. Each value of % flux thus appears twice. Points were then
filled in on the initial grid at intervals of 1/4 day in X and 1/18 rotation number in Y by linear
interpolation. On days for which data were not available, the data for the previous and following days
were extrapolated for 1/2 day. Similarly, data for the previous and following rotations were extrapolated
for 1/18 rotation. Finally, the maps were printed for each frequency using the symbol table of Figure 2.
Contour lines were drawn at the -20%, -10%, 0%, 10%, and 20% levels, except at 0. 245 GHz where the
-10% and 10% contours were omitted for clarity. The vertical lines at X = 13.75, 27.25 and 41.00 days
indicate 0.5, 1.0 and 1.5 rotations in the X direction, respectively. The gap in the data at 2.70 GHz
extending from the start of rotation 1587 to the middle of rotation 1588 was due to damage to the
radiometer caused by lightning.

The Retrospective World Interval is bracketed by triangles on each map at 16.7 and 34. 7 days
after the start of synodic rotation 1590. The brightening associated with the disk passage of region 976
is not as prominent on these maps as, for example, the passage of region 11748 near the end of synodic
rotation 1584. Region 976 is, however, seen to be one of a group of regions which contributed to a general
brightening of the hemisphere visible when L, = 30° . This general brightening persisted for five rotations
starting with synodic rotation 1587,
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Single frequency synoptic maps for 1972 at frequencies of 0.410 and 0. 245 GHz.

These maps are convenient in the sense that they allow a large amount of data to be displayed in a
concise form; however, each daily value of % flux is composed of contributions from all active regions on
the visible disk of the sun and each of these can undergo a significant variation in brightness in a period
of time less than that required for disk passage. Because of this, caution must be used in attempting to
infer that two or more successive peaks in the % flux on two dates separated by a synodic rotation are due
to the return of the same active region. A detailed analysis of the single frequency synoptic maps covering
a period of approximately one solar cycle is currently in progress at PSURAO.
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Solar Radio Events at 9.4 to 71 GHz in the Period 26 July - 14 August 1972

by

D. L. Croom and L. D. J. Harris
Science Research Council
Radio and Space Research Station
Ditton Park, Stough, Bucks, England

During the period 26 July to 14 August 1972, a total of 31 events were recorded at STough on one
or more frequencies in the range 9.4 to 71 GHz. Six of these resulted in bursts on 37 GHz, including
the two major events on 4 and 7 August, and details of these events are Tisted in Table 1. The bursts
themselves are shown in Figures 1 to 5 and their spectra in Figure 6. In compiling, spectra data from
the Air Force Cambridge Research Laboratories, Mass., U.S.A. have been inciuded for three events which
were observed at both stations.

Table 1

Main Radio Fvents Recorded at Slough

Freq. Dur. Flux . Density
Date | (ain sg;;; ¥§¥; (Miny | Type 1OE§EWm-§HZ-1 Remarks
72 08 01 9.4 0838.5 | 0841.1 10 3 156
19,0 0839.5 | 08L40.7 L 3 290
37.0 0840 0841.1 2 3 100
71.0 No Event Greater than 70 Flux Units Tropospheric
Interference
72 08 01 9.k 0915 0925.8 | 38 L5 105 !
19,0 0917.5 | 0921.7 | 24 45 453 é
0925.9 238 i
37.0 0920 0921 105 3 4s {
71,0 No Event |
72 08 02) 9.k 1838.5 | 1840.0 3u L 505 Events near
1854 1855.0 2 L 98 sunset F.D. |
1907.5 | 1908.5 2.5 L 134 increase rela-
1840.0 | 1840.0 u 30 109 tive to post- |
19.0 1838.6 | 1840.0 2u L 475 burst increase!
1840.6 | 18L40.6 8.5 | 20 235 )
1854 1855.0 1a2 L 176 %
1908.5 | 1909.0 1.0 3 1621 i
37,0 1839.0 | 18L40.0 2.0 L 960 Two spikes of |
No Events at other times comparable |
magnitude
71.0 Sunset
i
72 08 O 9.k 0619.0 | 0626.8 | 120 47 14,370 ;
19.0 0620.0 | 0626.8 70 ) 25,000 + 10% |
37.0 0621.9 | 0626.7 | 38 ) 13,780 -
71.0 0622 06284 15 Ly 11,5001 + 25%
72 08 07] 9.h 1507 1522.5 | 100 L7 13,750
19.0 1508 1522.2 87 Ly 27,200 + 10%
37,0 1510.9 | 1522.3 29 4y 11,100 - |
71.0 No Record :
72 08 10| 9.4 1103.9 | 1104.5 3 b 150 ;
19.0 | 110h.2 | 11048 | 2 4 280 |
37.0 11044 | 1104.5 1 L 180 i
|
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There are several interesting features about these events:

(a)

At_least one of the events produced a major burst at 71 GHz (approximately 11,500 x 10722
Wm™2 Hz™! on 4 August) and two others almost certainly did, but were not recorded (2 August -
sunset for the 71 GHz radiometer, and 7 August -~ no record available).

{b) A1l six events have their spectral peaks above 10 GHz, generally in the 15 - 20 GHz, except
for the 2 August event.

(c) The 2 August event is an example of the rare double peak {centimeter - millimeter) spectrum
[Croom, 1973]. '

(d) Both ot the major events have small, rapid oscillations superimposed on them on 9.4 and 19 GHz,
and also on 37 GHz in the case of the 4 August event. These, and the other events, were re-
corded both on paper chart and on a punched-tape data logger, with a sampling rate at each
frequency of 1% secs and radiometer output time constants of 0.3 and 1 seconds, respectively,
From expanded time scale plots of these bursts it can be seen that these oscillations have
a very short period of about 4 to 5 secs. The oscillations are more pronounced on the lower
frequencies and are damped out earlier on the higher frequencies.

(e) Table 2 shows the mean durations (TM of Croom [1971]) together with the peak particle fluxes
for E_ > 10 Mev as recorded by the Explorer 41 satellite ["Solar-Geophysical Data", 19737.
Both of the major events have the large values of TM normally associated with major proton
events. So0 also does the 0922 UT event of 2 Augusth However, although the proton data shows
evidence of a weaker proton event preceding the two major ones, this event is more probably
attributable to another major radio event which occurred at 0404 UT on 2 August.

Table 2
Mean Durations and Associated Proton Fluxes for the Six Events
Date Ty (min) Protons Ster "! cm™? sec™! !
1 Aug (0841 UT) 1.5 - |
1 Aug (0922 UT) 7.0 (42)*
2 Aug 2.5 - 5
4 Aug 12.1 23,000
7 Aug 9.3 3,500
10 Aug 1.0 -
* Probably attributable to event at 0404 UT on 2 August
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Solar Radio Emission for July 28 to August 13

by

H. Tanaka and S. Enomé
Toyokawa Observatory, Nagoya University, Japan

The microwave S-component associlated with active region McMath 11976 first appeared July 28 on
8 cm and July 29 on 3 cm. It showed very rapid increase in intemsity. The history of its evolution
is shown in Figure 1 in terms of 3-cm flux and 3-cm to 8-cm flux ratio and in Table 1. Brightness
(R + L) and polarization (R - L) distributions of the sun on 3 cm and 8 cm are illustrated in Figures
2 and 3. The gains of the polarization records are about 3.8 and 1.8 times larger than that of the
intensity records of 3 cm and 8 cm, respectively.

Table 1
Evolution of Microwave S-Component in Terms of 3 cm and 8 ecm Flux
Date Position Flux
1972 Arc min, 3 cm 8 cm
July 28 E15.9 2.7 4.4
29 15.7 13.3 10.0
30 15.0 24.8 19.4
31 13.9 40.3 25.2
Aug 1 12.1 47.1 31.7
2 9.1 59.2 49.4
3 6.3 42.3 40.5
4 2.9 44.3 41.0
5 W 0.9 52.5 44,7
6 4.2 39.6 40.5
7 7.4 40.2 39.1
8 10.1 25.2 22.2
9 12.4 27.7 23.2
10 13.7 27.2 18.8
11 14.4 22.6 22.2
Flux Smo” ’ a“o
—Precursor ~ Small R
50r 4150
[
40~ [T q
30} “." . . ]
’ Flux Ratlo 3-cm/8-cnr™" 100
20+F 4
10+ MAJOR SOLAR EVENTS B
A A b A J
O i 1 - 1 1 i L 1 i i A J i 1 i
26 29 30 3l | 2 3 4 5 6 7 8 9 1o 11 °
JULY AUGUST 1972

Fig. 1 Time variations of 3-cm flux (filled circle) and 3-cm to 8-cm flux
ratio (open circle) for the period July 28 to August 11, 1972

Our messages of forecasting which are communicated through the URSIGRAM network correctly predict-
ed the occurrences of proton flares. The method is due to the fact that high probability of the oc-
currence is expected for an active region with a large 3-cm flux and a high 3-cm to 8-cm flux ratio
of the S-component [Tanaka and Kakinuma, 1964]. The active region possessed a polarization distri-
bution with right-handed polarized central peak and left-handed polarized sub-peaks on either side
which we call the P-configuration. An active region with this configuration is very favorable for
proton flare occurrence [Tanaka and Enomé, 19737.

During its activity, the region produced four major microwave bursts on August 2, and two bursts
on August 4 and on August 7. The first three bursts occurred during daytime in Japan. The time

histories of these bursts are shown in Figure 4.
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Fig. 4a. Intensity-time histories of the bursts on August 2, 1972 between _
0300 - 0600 UT on 9400, 3750, 2000 and 1000 MHz. Units are 10-22 W m~2Hz !
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Fig. 4b. Same as Figure 4a for the period 2100 - 2400 UT August 2, 1972,

220




8
AUGUST 4, 1972 re
a4
TOYOKAWA,JAPAN, 3
2
off scale -10%
| 8
[
s
L4 {(1000MHz)
I3
l2
rio? o
8 [s
g 6
ls b5
b La
} R/\
2/
1000MHz : Sunset
“Near — 3 Lio2
! Sunset [lo® =0
8
5
4 (2000MHz}
I3
zocouty /\A/\U/M
1 ] 1 1 L 1 1 1 1 1 L L ] I} Lok L L
0800 10 26 30 40 50 0700 16 20 80 40 80 0800 10 20 30 40 50 0900
107 T T T T T T T T T T T T ¥ T 13 T T
8
H
4 AUGUST 4,1972 TOYOKAWA,JAPAN]
3
2
10}
8
6
2 3750MHz
3
2 -

et 1
N G AU BF

w

9400MH,

. L
X

1 I L L L 1 L ¢ 1 L L L L _i0?

Fig. 4c.

TANAKA, H, and
T. KAKINUMA

TANAKA, H. and
S. ENOME

t L
0600 10 20 30 40 50 0700 10 20 30 40 50 0800 10 20 30 40 50 0300

Same as Figure 4a for the period 0600 - 0900 UT August 4, 1972,
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CULGOORA OBSERVATIONS OF RADIO BURST ACTIVITY FROM
1972 JULY 26 TO AUGUST 14

T.W. Cole
Division of Radiophysics, CSIRO, Sydney, Australia

1. Introduction

This communication summarizes the observations of solar radio bursts made at the
Culgoora observatory (150°E., 30°S.) between 1972 July 26 and August 14. There were two
major radio instruments in use at Culgoora. Every day during this interval, between the
hours of 2038 and 0737 UT, the radiospectrograph [Sheridan 1967] recorded dynamic spectra
every one-quarter or one-half second. The radioheliograph [Wild 1967] recorded second-
by-second pictures of the 80 MHz and, occasionally, the 160 MHz radio emission from the
Sun in both circular polarizations. The hours of observation of the heliograph were

from approximately 2300 until 0500 UT on all days during this interval except July 28/29
and July 29/30.

Very little interpretation is contained in this report.

2. Observations

2.1 The period July 26 to August 2

The early part of the interval was dominated by radio burst activity associated
with the McMath region 11970. The first activity observed to be related to the major
area of interest, McMath region 11976, was a series of type III bursts on July 27 at
0142 and 0338 UT. All burst activity for this early period was type III or III/V,
except for a single type II observed on July 27 at 0643,

For the two days July 28/29 and July 29/30 the spectrograph showed a continuous
storm of type III bursts. The heliograph was not available to give positional informa-
tion on this storm, which was distinguished by the bursts being almost exclusively of
the IITb type as defined and discussed by de la No& and Boischot [1972]. These bursts,
confined almost entirely to the 30 to 50 MHz band and consisting of a chain of fine,
reverse drift components, are illustrated in Figure 1. It was observed that for this

storm it was only rarely that the IIIb burst was a precursor to a more normal type III
burst.

1972 JULY 29

N
o
=
— 50
>-
2
w 100
2
&} - -
W 200-—— , : . : : ,
W
02h go™ uT 02h g5™
Figure 1 The metric waveband section of dynamic spectrum for the frequencies and

times marked to illustrate the type III storm of 1972 July 29.

A series of three homologous inverted-U bursts was observed from region 11976 on
July 31 at 0155, 0441 and 0443 UT. They are shown in Figure 2, and indicate a stable,
closed magnetic field configuration existing over this region. The (non-harmonic)
double structure also indicates that at least two magnetic field loops existed.

The main activity on July 31/August 1 was a number of large type III groups. In
particular, the groups at 0125-0133 and 0425-0441 UT consisted of bursts from both of
the regions (11970 and 11976) with the major activity occurring at the former region.

The spectrograph showed a type I storm with an associated weak type III storm on
August 1/2.
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Figure 2 The three homologous type U bursts of 1972 July 31. The half-intensity
contours are plotted for the beginning (solid), middle (dashed), and end
(dotted) of each event. The source position moves slightly outwards during
the events. '

2.2 The radio burst of August 2 at 0240 to 0700 UT

A large radio outburst associated with region 11976 began with a large group of
type III bursts on August 2 at 0243 UT. This was followed at about 0300 by an increase
in the intensity of the continuum emission which had been present, as part of a type I
storm, in the metric waveband. At 0312 a continuum emission in the 30 to 100 Miz range
(not unlike a type V in appearance) marked the beginning of a short-wave fadeout which
continued until around 0500. The spectrograph record is shown in Figure 3.

In the decimetric band the continuum emission reached its peak at around 0340 UT.
This continuum was overlaid by absorption and emission pulsations (barely visible in
Figure 3). The metric band emission reached its peak at approximately 0400 and then
slowly weakened until the observations ceased at 0737.

One interesting feature of the spectrograph record is the changing nature of the
emission in the 24 to 74 MHz band. Selected examples are shown in Figure 4. The dif-
fuse, type-III-like emissions of the early period changed to a wisp-like emission which
became progressively weaker as reverse drift pairs came to dominate this range.

The radioheliograph record of this event, which was confined to 80 MHz and
started at 0400 UT because of instrumental difficulties, reveals a complex source
structure. The radio picture at 040202 is shown in Figure 5 for both right-hand and
left-hand circular polarization, with successive contours in the ratio of 1/v/7 from the
peak intensity in that polarization. The development of the six source components is
shown in Figure 6, where half-intensity contours of the sources are shown for a selec-
tion of times. The component A (Fig. 5), highly right-hand polarized and at 1.2 Ry
from the limb, faded rapidly and was not observed after 040400. Similarly components
B, C and D had faded by 040900, when a distinctive development occurred. The component
E, a left-hand polarized source at the limb, split into two components, and one of these,
together with the slightly displaced right-hand polarized component F, became a moving
source. Between 0409 and 0441, when the moving source faded, it had moved 1 Ry to the
north-north-east at an average speed of 360 km s-1. It left a bipolar source structure
straddling the optical spot group centre (marked by a cross on the diagram). This
remained stable for the rest of the observing day. ‘
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Figure 5

Radioheliograph contours are shown for the radio emission in right-hand (R)

and left-hand (L) circular polarizations at 80 MHz for the time 040202 UT

on 1972 August 2.
1/¥/7 from the peak. The circle shows the photospheric disk.

0ahosM53S 04M13™M g8

04M 1M 1S 04h 29Mgs 0ah37mMg3s

Figure 6 Selected half-power contours of the 80 MHz radio sources in right-hand

In each case the contours are in successive ratios of

(solid 1line) and left-hand (dashed line) polarizations during;the event of
1972 August 2. The development of the individual components is described

in the text.
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2.3 The observing periods August 2/3 and August 3/4

From the beginning of observations at 2038 UT the spectrograph showed strong,
left-hand polarized continuum with some type III activity. Throughout the day the
intensity and polarization decreased: by 0230 a noise storm was visible above the
continuum. The character of the emission in the 24 to 74 MHz band developed throughout
the day in a progression similar to, although weaker than, that of August 2, which is
illustrated in Figure 4. A group of type III bursts between 0232 and 0238 were dis-
tinguished by having their centres along an arc connecting region 11976 with the western
limb region near 11970.

The observing day August 3/4 similarly showed a type I storm with left-hand
polarized continuum all day. At 0403 UT type III bursts again appeared along an arc
to the western 1limb from region 11976. Large ionospheric scintillation effects were
also seen on the records at this time.

2.4 The flare event of August 4 at 0610 UT

The spectrograph recorded the early phase of radio burst emission associated with
an optical flare of importance 3B in region 11976 whose maximum phase was at approxi-
mately 0640 UT on August 4 [UAG Rept. 21, Nov. 19727.

The record in Figure 7 shows a large type III group between 0610 and 0613 UT
superimposed on the strong continuum which had been present all day. At 0622 the band
from 300 to 8000 MHz shows a continuum enhancement and at 062250 the 2 to 8 GHz band
shows a further sudden intensity increase. The burst then appeared at frequencies pro-
gressively lower than 300 MHz. It reached 50 MHz at 0625 and the short-wave band at
0626, where a strong fade-out was recorded. In the band above 25 MHz the film remained
saturated for the remainder of the observing day (to 0737).

2.5 The period August 5 to 15

No further major flare events were observed at Culgoora. Apart from type III
bursts and groups, the activity was dominated by a type I storm and continuum centre
observed every day above region 11976 as it moved toward, and around, the western limb.
Until August 8 the storm was strongly polarized (left-hand circular). It became un-
polarized except for slight right-hand polarization on August 12/13 and 13/14. By
August 15 it had become quite weak. Positions at both 80 and 160 MHz were available and
there was a displacement between the positions at the two frequencies. At each fre-
quency the storm often showed several centres of activity.

3. Conclusions

The interval under discussion is distinguished by the strong metre-wave continuum
emission which persisted for many days after August 2. The outburst on August 2 is
further distinguished by the large area of the corona which contributed to this emission.

REFERENCES
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Metric Radio Continuum Activity Associated with the
Active Region McMath No. 11976 in August 1972

by

Kunitomo Sakurai*

Radio Astronomy Branch
Laboratory for Extraterrestrial Physics
NASA/Goddard Space Fl1ight Center
Greenbelt, Maryland 20771

The active region McMath No. 11976 appeared on the east 1imb on 29 July 1972. During its
passage on the solar disk, this region became active in emission of metric radio continuum and pro-
duced four proton flares.

As shown in Figure 1, the activity on the radio continuum at metric frequencies was initially
very low but increased as the region approached central meridian of the sun. Maximum activity was
reached around 3-4 August. This increase may be related to the emission directivity of the metric
continuum [Fokker, 1965]. However in this case, this increase in emission could also be connected
with the growth of the sunspot group observed since 31 July. Throughout this growth, four proton
flares were produced in this sunspot group and were accompanied by type II and type IV radio bursts.
As seen in Figure 1, however, these flares were independent of the flux increase of the long-enduring
component of type IV burst: the flux increase at 200 MHz was not observed for several hours or more
after those flares. This result is quite different from those for the active region McMath No. 9740
[see, Sakuari, 1973]. This difference seems to be related to the configuration of sunspot magnetic
field lines above and near the flare regions.

As mentioned above, emissions of both type II and type IV bursts were observed in association
with these flares. Type III burst associations were, however, rare for these flares [T. B. Kuiper,
private communication, 1973]. This fact may be explained by assuming that the sunspot magnetic field
Tines above the flare regions were not extended into interplanetary space. This explanation also
seems applicable to non-observation on the Tong-enduring metric continuum. The formation of this
type of sunspot magnetic configuration may be related to the fact that the sunspot group under dis-
cussion is isolated from other groups.

I would Tike to thank Mr. Fujio Yamashita of the Hiraiso Branch, Radio Research Laboratories,
Tokyo for his supply of radio records.
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*NASA Associate with University of Maryland, Astronomy Program
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Pulses in Radio Bursts of August 1972 Proton Events

by

V. L. Badillo
Manila Observatory
P. O. Box 1231, Manila, Philippines

The extremely intense radio burst of 04 August 1972 starting at about 0620 UT had
associated particle events, both a PCA and a probable GLE. It is also interesting because the
time structure of the burst may be useful for better understanding the acceleration mechanism
of solar cosmic rays.

The burst was recorded over a very wide range, from 71 GHz (in Slough) to the deka-
meter wavelengths. In Figure 1 are reconstructed the burst curves recorded at Manila Obser-
vatory. The bursts at 8800, 4995 and 2695 MHz have the same general characteristics.
However the burst at 1415 MHz is different mainly because of the curious feature starting at
about 0632.8 UT. A better appreciation of its character may be had by examining the copy of
the actual chart recording exhibited in Figure 2, What can'be seen is a cluster of intense
spikes closely bunched in time, not unlike the record of the radar pulses of a passing airplane.
At least 40 spikes can be counted in the three minute duration of the series of pulses. The
structure is not clearly periodic and the intensities of the spikes vary from weak to some
having intensities as much as 3, 000 flux units above the envelope.

A tentative explanation for a brief regular series of short sharp pulses occurring only
in the 100-200 MHz part of a type IV burst was proposed by Wild [1971]. Where a rising shock
front intersects the two legs of a magnetic flux loop, the magnetic field is increased. Trapped
electrons, Fermi accelerated to relativistic energies, emit synchrotron radiation that increases
with time. When the shock front reaches the top of the lopp conditions exist such that a series
of sharp regular pulses are emitted. Acceleration ceases after the shock front has ascended
above the flux loop. Other trapped charged particles, like protons, are similarly accelerated.

The explanation just given may be applied to the event in question, Intensities reach
maximum for the bursts at frequencies above 1415 MHz during the pulsation period, while a
type II burst in the dekameter curve, manifesting a rising plasma cloud, starts just prior to the
pulsation period. The 606 MHz recorder saturated but some manifestation of pulsation may be
seen in the copy shown in Figure 2. The estimated duration is indicated in Figure 1. A series
of sharp pulses are seen too in the 1000 MHz burst recorded at Toyokawa. In the 245 MHz band,
pulsation is rather prolonged, extending from 0624.5 to 0645 UT, and consists of several series
of pulses. Another mechanism may be responsible for this.

T )

i

|

0640 0630 UT

Figure 2. Chart recording of pulsations on 1415 and 606 MHz
radiometers. Note that the direction of time is
opposite to that of the drawing in Figure 1.
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Figure 1. Radio burst observed on 04 August 1972 at Manila
Observatory. Dashed lines indicate extrapolated

values.
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The dekameter burst curve shows heavy absorption starting at about 0621 UT indicating
D-region ionization. It is at this time that all the bursts except that at 1415 MHz are markedly
impulsive in character. A little later at about 0633 UT the dekameter curve registers a maxi-
mum. It is only at this time that SWFs reach maximum, total blackout in fact which lasts for
about half an hour.

The radio bursts starting at about 0310 UT on 02 August 1972 and associated with
particle emission do not show any series of pulses. In the radio bursts starting at about 2030 UT
of the same day and associated with proton emission, a brief period of sharp pulses are record -
ed in the reconstructed 1415 MHz curve given by Castelli and Barron [1973]. The same paper
shows the reconstructed curves for the radio bursts associated with the GLE of 07 August 1972,
Brief periods of pulses can be seen in the 1415, 606, 410 and 245 MHz burst curves,

We thank the following: J. P. Castelli and J. J. Hennessey for their encouragement,
H. Tanaka for Toyokawa burst curves, J. E. Salcedo and staff for careful measurements, and
AFCRL for supporting this work.
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Preliminary Report on the Solar Radio Events
of Aucust 1972 Observed at Ahmedabad (India)

by

R. V. Bhonsle, S. S. Degaonkar, and H. S. Sawant
Physical Research Laboratory
Ahmedabad-9, India

As part of the overall research program in solar-terrestrial physics, the Physi?al Resea?ch
Laboratory (PRL) operates a number of instruments for the study of solar radio em%881ons on different
frequencies. Table 1 is a list of different solar radio astronomy instruments being ?perated at PRL,
along with information on the physical quantities measured. We present here observatloqal data of the
August 1972 solar events recorded by the instruments listed in Table 1. The data pertain to sola{
noise storms and SCNA's recorded by riometer on 25 MHz, and the solar flare event of August &4, 1972
as observed by microwave radiometer (2800 MHz), radio polarimeter (35 MHz), and radio spectroscope
(40-240 MHz).

Table 1

List of Solar Radio Astronomy Instruments at PRL

Physical
Name of the Frequency Bandwidth Antenna Quantity
instrument being
measured
1. Solar Radio 40-240 MHz ¢ 300 kHz Log-periodic Meter wavelength
Spectroscope Dynamic Spectrum
2, Solar Radio 35 MHz 6 kHz Crossed-Yagi Stokes' polariza-
Polarimeter 12 kHz tion parameters
3. Solar Micro- 2800 MHz 4 MHz, 5'-paraboloidal Solar flux,
wave Radio- dish slowly varying
meter and burst radia-
tion
4, Riometer 25 MHz 10 kHz Broadside- Sudden cosmic
collinear array noise absorption
of 16 halfwave and solar burst
dipoles radiation

Figure 1 shows a series of daily riometer records from 0100 to 1200 UT, 1 August to 6 August 1972,
The curves show cosmic radio noise intensity and solar bursts on 25 MHz for each of these days, along
with the calibration of the system. Our main purpose is to show SCNA's and solar radio noise storm
records when the sun was in the antenna beam of the cosmic radio noise receiving equipment. Only two
SCNA's are evident on the riometer records of 2 and 4 August, which caused maximum absorption of about
1.6 and 1.3 dB, respectively. The solar flare which occurred at 0621 UT 4 August was not observable
as an SCNA as such because of off-scale deflections due to intense solar noise storm. It can be
easily seen that the noise storm intensity around local noon increased from 1 August to 4 August.
This can be explained if one assumes that the noise storm radiation had an appreciable directivity.
This view is further supported by the fact that the center of activity responsible for producing this
noise storm was very close to central meridian passage on 4 August when it reached its maximum inten-
sity. Assuming the noise storm had more or less constant intensity throughout the disturbed period,
the observed day-to-day changes in intensity can be explained in terms of a rotation of the "directive"
beam of solar noise storm radiation at the rate of about 14°/day. Thus the cone of emission of solar
radiation can be estimated to be between 55 and 60 degrees since the noise storm could be barely
observed on 1 August and 6 August and the maximum occurred on 4 August.

Figure 2 is the record of solar radio flux at 2800 MHz made by means of a Dicke-type radiometer
on 4 August. On this day, the flux due to the quiet sun and slowly varying component as measured by
our instrument was about 140 fu (1 flux unit = 10722 Watts/mz/Hz). it can be seen from Figure 2 that
a number of microwave bursts occurred on 4 August. First, a small burst with peak flux of about 40 fu
occurred at 0525 UT with 33 minutes duration., This was followed by a strong burst, starting at about
0613 UT. The peak intensity of this burst could not be recorded since the radiometer was saturated
due to insufficient dynamic range of the receiver. However, the peak flux recorded during this major
radio burst as reported by other observatories is around 5000 fu. It should also be noted that this
major event was followed by a series of "fluctuations" in the solar flux on the order of a few hundred
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Fig. 1. 25 MHz riometer recordings from
1 August to 6 August 1972

flux units. The H-alpha flares and meter wavelength type IIT bursts that were reported by various
solar observatories are marked at the bottom of the Figure 2. At least five H-alpha flares of impor-
tance greater than 2B are identified. Some fluctuations in the burst intensity between 0730 and

0830 UT may be attributed to the small flares.

Figure 3 shows the dynamic spectrum recorded by the solar radio spectroscope (40-240 MHz). A
major meter wavelength solar event started at 0625 UT on 4 August 1972 and was superimposed on the
background noise storm shown in the riometer record in Figure 1. This background noise storm was just
above the sensitivity limit of the radio spectroscope. Therefore, the meter wavelength radiation due
to the flare dominated the background noise storm and produced the complex radio spectrum shown in
Figure 3, This major event started with Type III group at 0625 UT with their starting frequencies
less than 140 MHz showing a lot of fine structure both in time and frequency. A well-defined Type II
(slow drift) burst could not be identified as such, but there were some drifting features in the
spectrum. However, broad band fluctuations of Type IV can be seen quite clearly. At about 0640 UT
the spectrum extended into the higher frequency region implying the injection of higher energy parti-
cles into "magnetic bottles,' then emitting radio waves by the synchrotron process. A puzzling
feature of this spectrum is that there was no well-defined magnetohydrodynamic shockfront like that
usually associated with Type II bursts.
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DYNAMIC SPECTRUM OF SOLAR RADIO BURST AT
METER WAVELENGTHS
ON 4 AUGUST,1972 AHMEDABAD

Fig. 3. Dynamic spectrum of meter wavelength solar burst on
4 August 1972,

| POLARIMETER RECORD o
_$OLAR RADIO BURST
TATESMEE
4 AUBUST 1972
AHMEDABAD

Figure 4. 35 MHz Polarimeter recording on 4 August 1972
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Figure 4 shows the record of the time-sharing polarimeter operating on 35 MHz for 4 August from
0607 to 0706 UT. The polarimeter records quantities proportional to Stoke's parameters, I, Q, U, and
V, which completely define the state of polarization of the incoming solar radiation. This record
shows that the noise storm on 4 August before 0624 UT was left~handed polarized, and at 0625 UT when
the major burst began, the sense of polarization became right-handed until 0650 UT. This happened due
to a strong additional radiation of opposite polarization associated with the flare. This was further
intensified, transforming the polarization back to the left-handed sense.

The chronology of solar events described in this note are summarized in Table 2.

Iable 2

List of Outstanding Solar Radio Events at Ahmedabad

Date (uT) Peak Peak Flux
August Start Max. End absorp- density Remarks
1972 tion (dB)
10722 y(m?p)~t
1. - - - - - Nearly quiet
sun
2, 0316 0332 0400 1.6 - SCNA
0500 0700 0830 - - Type IV, Noise
storm riometer
3. 0500 - 0900 - - Type IV, Strong
Noise storm
riometer
4, 0430 - 0930 - - "
0525 0528 0558 - 42 2800 MHz
0612 - 0612.10 - - Type IIIL
0612,40 - 0612,45 - - "
0613 - 0715 - > 500 2800 MHz
0639 - 0709 - ) = Type IV
0716 - 0900 - 490 2800 MHz
0906 0921 0927 1.3 - SCNA
0909 0913 0924 - - 2800 MHz
5. 0600 0700 0800 - ‘ - Type IV,
riometer
6, - - - - - Nearly quiet
sun, riometer
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Solar Radio Emission on 100, 200 and 500 MHz
Observed at Hiraiso

by

F. Yamashita
Hiraiso Branch
Radio Research Laboratories
Japan

Three examples of radio bursts observed at Hiraiso in August 1972 are shown in Fjgurgfl._‘
Also, dynamic spectra using data from Toyokawa, Nobeyama and Kokubunji are presented in Figure 2.

(R+L) and (R-L) of the record on 100 MHz express total flux and intensity of polarization,
respectively, where R and L are the right- and left-handed circular compeonent ot polarization. (R-L)
is scaled linearly and others are logaritnmic.

From the records, each burst is seen as a type IV without type II, and on 100 MHz some depressions
of polarization were observed. These depressions occurred when their fluxes were increasing, and their
periods are some tens of minutes. This may be interpreted as the radiation from a moving source which
appears after the start of a type IV burst.

Steady fluxes of 100 and 200 MHz during the period are listed in Table 1.

Table 1 Flux in 102y =2y~
uT
Day ggur 01 02 03 Ok 05 06 07 08 09 20 21 22 23 2k

(100 MHz)

1 1 2 2 2 2 2 2 2 2 1 2 2 2

2 3 12 14 80 102 57 37 20 19 112 153 100 100

3 98 80 51 52 48 19 18 27 25 107 105 110 120

L 115 115 117 110 110 100 140 170 130 75 73 78 70

5 75 7k 76 55 45 ko 4Lk 43 3% 13 12 M -

6 17 17 13 1 7 1 & 17 a7 7 5 6 5
(200 MHz)

1 6 6 6 5 5 5 5 5 6 8 6 8

2 7 10 11 10 410 10 10 10 10 16 16 16

3 16 16 16 16 21 16 15 16 9 37 4 38

L bo 48 38 50 5% 45 35 3B 35 32 30 29

5 26 ks ke 3 25 21 24 19 15 10 10 15

6 22 12 15 15 11 26 1k 20 17 16 17 16
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INTERFEROMETRIC RADIO SPECTRA OF THE SOLAR CORONA
1-11 AUGUST 1972

by

James C. Dodge
Radio Astronomy Observatory
Department of Astro-Geophysics
University of Colorado
Boulder, Colorado 80302

INTRODUCTION

This contribution is a condensation of an observatory publication (Dodge [1973]) which
presents dynamic spectra and position maps for the decametric and metric radio burst activity that
accompanied the disc passage of McMath Plage Region 11976, That publication is organized to
emphasize the development of the radio emission throughout the period of major radio activity. It
treats the various types and intensities of observed emission as manifestations of an enduring solar
disturbance. In addition, it provides a review of the University of Colorado swept-frequency
measurements, details of the interpretation of the data records, and an analysis of the procedure
used to obtain position maps from a minicomputer input device which scans calibrated tracings
of the interference fringes.

This report concentrates on the burst activity related to the strongest flares of the period.
Many of the bursts that were included in the former report to illustrate the general growth, continuity,
and decay of the emission surrounding the strong, flare-related events have been eliminated here;
however, the growth and decay of the emission is described in the text.

OBSERVING EQUIPMENT

The dynamic spectra in this report were obtained during the daily swept-frequency
observations of the sun and Jupiter by the Radio Astronomy Observatory of the University of
Colorado. Radio noise is collected with a pair of broadband, directional antennas whose combined
collecting area is approximately 1, 000 m2. The receivers sweep three frequency octaves from
8-80 MHz in a period of 1,5 sec, The spectra are recorded simultaneously on continuously-moving
35 mm film with a light-beam recorder and on facsimile paper. In the format for this report,
increases in received noise are recorded as white areas on a dark grey or black background. The
narrow dark bands which stripe the emission spectra are interference fringes which permit the
determination of the emission's arrival angle.

OBSERVED SOLAR RADIO NOISE

The data period of 1 - 11 August was selected because it includes most of the radio activity
which bracketed the four flares of importance 2B or greater (1958 UT 2 August, 0530 UT 4 August,
1455 UT 7 August, and 1227 UT 11 August). The solar observing day during August extended from
1200-0200 UT. Thus, the radio events in close association with the 4 August flare escaped our
observation.

Comparisons with other solar observations were obtained principally by reference to
Lincoln and Leighton [1972].

24-31 July 1972

Radio activity in the metric and decametric bands began on 24 July 1972, two days earlier
than the start of the retrospective world interval (26 July - 14 August 1972). The activity during
this period consisted entirely of Type III bursts. The activity showed development in both frequency
of burst occurrence and in the ratio of the number of groups of Type III's with high intensity tc the
number with low intensity (See Table 1).

1-6 August 1972

Radio burst activity on 1 August increased in frequency of occurrence and in variety,
In addition to twenty-one Type III events, seven of which were of intensity two or greater, a
background emission of weak decametric continuum (Intensity 1- to 1) began at 2030 UT and lasted
for three hours.
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Date: Number of Bursts
July Intensity < 2 Intensity > 2
Isolated Groups Total Isolated Groups Total
Type IIl's of III's Type III's of IIl's
24 1 1 1 1
25 2 2 4 1 1
26 4 2 6 1 1
27 5 5 10 2 2
28 12 5 17 1 9(3) 10
29 17 6 23 3 7(5) 10
30 4 5 9 3 1 7
31 6 3 9 1 3

Table 1. Summary of observed radio bursts 24-31 July 1972.
Counts in parentheses represent the number of groups which
consisted of ten or more Type IIl's,

The sequence of burst types from 1-6 August is diagrammed in Figure 1 as a function of
burst intensity, There is obvious development in the number and the intensity of the Type III events
as well as a progressive increase in the intensity of the decametric continuum prior to the sudden
commencement of the strong Type IV burst at 2033 UT on 2 August. There is a gradual decrease in
the intensity of the continuum following the Type IV burst, Decametric continuum is distinguished
from a Type IV burst by the frequent appearance of Type III bursts from the same location as a weak,
irregular continuum background. The frequency of the related Type III bursts seldom exceeds 56
MHz.

intensity
. i IIV\\
= ] / RREY | V A, N

- 7 e

2(m  um _ConNT T-CONT

-
-

1. m cCONT

Radio
Riight: . : , —
Time:00 (= oo (s =] isla’ oo u
Date: 1 2 = 4 5 8 Aug72

Fig. 1. The development of 20-80 MHz radio emission as a function of both type and intensity
(00 UT 1 August 1972 - 0142 UT 7 August 1972).

Figure 2 shows a hierarchy of Type III burst groups. Components of the three principal
groups have been classified as Type III, Int. 1; Type IIIG, Int, 2; and Type IIIG, Int. 1 respectively.
The central group in the 40-80 MHz range shows further subdivision into six, nearly-periodic
subgroups. On a still smaller scale, each of the six subgroups has a cluster of about three intensity
peaks,
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Type: IIIG

Intensity: 3

Occurrence: Isolated

Associations: Subflare
1537-1555 UT, several

SOLAR HDRTH

eruptive centers, N4 E44 PR

1',’ . M2

R N 3.2
SN\ sr.g
1.4
65.4
89.3

73.8

Fig. 2. Strong hierarchy of Type III
burst groups during build-up phase of
radio activity on 1 August 1972,

Arrows on time axis of
dynamic spectrum indicate time of
position map.

Figure 2 illustrates the spectrum and the implied position loci for one of the seven strong
Type III bursts on 1 August. Estimated fringe frequency scanning errors (x 32 kHz) imply maximum
relative position locus errors of 0. 02 R,. However, geophysical factors such as ionospheric scin-
tillation, refraction, and position wobble due to multiple sources contribute more to position uncer-
tainty than the process of measuring and converting fringe frequencies to angular positions. For
this event, adjacent sets of interferometer lobe nulls are separated from the illustrated group by
L7 Rg.
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On 2 August, the sun emitted radio noise continuously across at least 12-80 MHz through-
out our periods of radio observability, The initial decametric continuum was typical of that category
of emission., For example, in the period 1300-1500 UT only 11 Type IIl's extended to >70 MHz from
more than 70 such bursts (usually < 0.1 min in duration). Most of these short-lived bursts were not
observed above 56 MHz. Those bursts which did not extend above 56 MHz seldom produced any
noticable shifts in the interference fringes, thus it can be assumed that they were produced in the
same source region as the continuum background. The continuum showed periods of uniform
intensification and fading through most of 2 August,

The character of the emission changed suddenly and dramatically at 2033 UT when a period
of intensity 2 decametric continuum ended and an intensity 3+ Type IV burst began. The most
probable source of the particles responsible for the Type IV emission was a region at N13 E28
which had flared with importance 2B at 1958 UT and with importance 1B at 2006 UT,

Continuous, strong Type IV emission was observed for the remainder of the observing
day on 2 August and again throughout 3 and 4 August. The emission saturated the records from
20-80 MHz until the latter part of 4 August. Many Type IIl's were observed during the weaker
periods of the Type IV burst, The positions of these differed slightly from that of the Type IV
because obvious fringe frequency changes occurred during the Type IIl's.

One advantage of the saturated records during the strong Type IV burst was that the
interference fringes that were produced were exceptionally narrow and distinct, This character-
istic allowed the determination of high-confidence position loci over long segments of the Type IV
burst. The rotation of the Earth changes the angle of position loci with respect to the solar
coordinate system. Thus, if the emission originates from the same location for long enough, an
estimate of the average two-dimensional position of the emission may be found at the intersections
of the Earth-rotated position loci. ’ :

Figure 3 shows the results of using this technique for a five hour period during the early
part of the Type IV burst. Figure 4 is a fringe intersection diagram for a six hour period which
began 18 hrs after the end of the period represented by Figure 3. The intersection in Figure 4
is distinctly southwestward of the intersections in Figure 3. The apparent positions agree rather
well with reasonable decametric extrapolations of the positions determined by the 169 MHz inter-
ferometer at Nangay (Lincoln and Leighton [1972]). Similarly, the fringe intersections can be
compared with the extrapolated E - W motion of the principle peak of 10. 7 cm radiation as measured
by the Algonquin Radio Observatory of Canada (ibid.). The E - W scans at 21 and 43 cm made at
Fleurs, Australia also show this peak (ibid. ).

By 1225 UT on 5 August, the emission had changed its character to that of decametric
continuum (Intensity 2) once again, The number of observed Type IIl's at that time was enormous.
More than 80 clearly definable Type III intensity maxima were observed in one hour between
1400 and 1500 UT on 5 August.

The continuum emission weakened to intensity 1- by 1800 UT on 6 August and the number
of Type III intensity maxima had decreased to only 5-6 hr-l. The emission continued to diminish
in intensity until it dropped below the threshold of detection at 0142 UT on 7 August.
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34-37 Nz
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Type IV Peositions (2101 UT 2 Aug 72 — 0106 UT 3 Aug 723

Fig. 3. This diagram illustrates the relative absence of source motion for the Type IV burst which
began at 2033 UT on 2 August 1972, The upper plot shows the intersection of two adjacent lines
(34-37 MHz) from each of four sets of position loci over a four hour span. The remaining lines did
not show this tight intersection. The lower plot shows all lines (57-74 MHz) from four consecutive
sets of fringe frequency measurements one hour apart,

246




28-38 iz

1906 UT 3 Aug 72-01086 UT 4 Aug 72

Fig. 4. The intersection of six fringe position lines per hour from 28-38 MHz during the period
1906 UT on 3 August to 0106 UT on 4 August. This is a nonselective plot which presents all
analyzed fringe lines during that six hour period. Thus, the indicated region of maximum fringe
intersection can be taken to represent a time and frequency average of the location of the Type IV
burst for six hours of continuous decametric emission.

7 August 1972

The principal radio activity on this date was that associated with the great solar flares
which began at approximately 1445 UT. During the following half hour, many flares were reported
from the region at N12-16 W32-40, The several flares varied in importance from 1B through 4B.

Figure 5 demonstrates the sequence of radio activity which followed the flares. Activity
began with a few minutes of moderate intensity Type IV (>60 MHz) and one each Type III and Type
IIIG burst. Suddenly, at1514.6 UT, an intensity 3 Type IV burst began at 20-80 MHz, The Type
IV burst covered the whole frequency span until 1552 UT and then showed a frequency-dependent
fade-out with a cutoff which sloped linearly from 80 MHz at 1552 UT to 20 MHz at 1635 UT. There-
after, an intensity 1+ continuum appeared from 20-80 MHz and faded progressively to a 1- continuum
at 1900 UT on 7 August. The continuum remained at the threshold of detection until 1710 UT on
8 August.

Beneath the activity diagram in Fig. 5 are shown the related times of flare maxima and
the displaced times of reported flare starts (Lincoln and Leighton [1972]). Both types of data are
plotted as a function of the importance of the bursts. Notice that three reports of an intensity 3-43B
flare reaching its maximum occurred within the minute before the strong Type III burst (~1531 UT).
Also notice that if the flare starting times are shifted in time 25 minutes relative to the complicated
activity during the first 25 minutes of the Type IV, there is a match between the spans of both
measures of the activity., The flare starting times are plotted with this 25 minute displacement.

The slopes of the leading edges of the traced Type II bursts were evaluated for their
implied radial components of velocity. The time difference between the starting times of the
emission at 40 MHz and 28 MHz was used in each case with the distance (0. 255 Ry) between those
two frequencies determined from the 10 x van de Hulst model of solar electron density variation
with height.

The four Type II bursts in the order of their occurrence had radial components of velocity
0£3.9, 4.9, 1.4, and 0.9 x 103 km sec™,

When the component of radial velocity in the first Type II burst is computed from the
slope of the axis of the burst spectrum rather than the leading edge, the four Type II's show a
progressive decrease in radial velocity (i.e. 9.55, 4.9, 1.4, and 0.9 x 103 km sec™l), This higher
velocity estimate for the first Type II applies to that portion of the coronal disturbance which
produced the maximum intensity core of the emission.
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The post-IV continuum endured for 26 hrs with uneven background emission and irregular
groups of Type III's. Again, these Type IIl's seldom exceeded 56 MHz,

Figure 6 indicates the position of the continuum as estimated by the intersection of position
loci separated in time by ~6. 5 hrs.

The positions were actually made in the Type IIl's rather than the continuum background.
This is because the fringes showed no frequency shifts between the background and the bursts and
because the stronger Type III emission produced narrower fringes. Narrow fringes allow more
precise measurement of the instantaneous fringe frequencies.

The plot of position loci for 0036 UT on 8 August shows alternating positions with

increasing frequency.
fringes are inverted.

This is the effect of a drift in the reference level at which the negative
The correct position locus is midway between the alternate sets,

Fik2 P2
36.7 S 274
32.8 SIEEE . 26.5
34.6 s 30.1
g
38.9 Pl 31.3
v 32.9
. 343
o036 UT 38.8
8 Aug
. 37.2
ettt
g 8o,
ge v,
;;:f" 47587 UT
o 7 Aug
Fig. 6. Location of the continuum following the major Type IV burst on 7 August 1972,

8-10 August 1972

The faint, residual, background continuum following the major Type IV on 7 August

remained until 1710 UT on 8 August.

The continuum was just above the threshold of detection and

was classified as intensity 1--.

The radio burst activity during 8-10 August consisted primarily of isolated Type III

bursts.

Figure 7 provides an illustration of the smooth, moderately-intense period of decametric
continuum from which one Type III component was selected for the 0036 UT position evaluation.
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11 August 1972

As McMath Region 11976 rotated past the west limb of the sun on 11 August, the region
flared once again and produced a variety of decametric and metric radio burst activity, Figure 8
shows that the sequence of bursts following the great flare of 11 August is similar to that which
occurred on 7 August,

Figures 9 and 10 show the detailed dynamic spectra of the 11 August series of events. The
top spectrum in Figure 9 illustrates a frequent characteristic of the stronger Type II events, i.e.
a precursor group of continuous, decametric Type III bursts of intensity comparable to that of the
Type II bursts., Figure 10 gives detailed spectra, intensities, radial velocities, and position loci
for the period at the onset of the Type IV burst.

Although the 11 August event was an early morning observation at Nederland, Colorado,
the interference fringes do not show the potentially ruinous effects of irregular ionospheric refrac-
tion. This fact does not preclude the possibility that all of the fringes are shifted by a certain
amount, but it does allow us to perform relative position analyses. The two sets of position loci
in Figure 10 represent the Type III at 1241 UT and the II-IV combined emission at 1251 UT. The
loci confirm what one would suspect from sighting along the fringes from burst to burst. All of the
various types of emission must have been received from nearly the same direction.

The Type IV portion of the radio event shows progressive cutoff at lower and lower
frequencies with increasing time. This characteristic also was observed in the 7 August event,
The similarity ends there, however. No enduring continuum followed the Type IV cutoff as it did
for the 7 August event.

20
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11 Aug 72

Fig. 8. Sequence of radio spectra following the 2B flare at 1230E UT on 11 August 1972,

251




Fig. 9. Top: Spectrum of the decametric Type IIIG precursor to the Type II-IV onset;
Bottom right: Spectrum of the metric band Type II burst at ~ 35 min after the Type II-IV onset.
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12 August 1972

A positional analysis of the moving Type IV event on 12 August has been done by Riddle
[1973]. He also has employed interferometric dynamic spectra obtained at the University of
Colorado Radio Astronomy Observatory,

DODGE, 7J.C. 1973
RIDDLE, A.C. 1973
LINCOLN, J.V, 1972

& LEIGHTON, H.,I,
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Dynamic Spectra of Four Solar Radio Bursts
During the Period 1972 August 2-7

by

Alan Maxwell
Harvard Radio Astronomy Station, Fort Davis, Texas 79734

This report describes the dynamic spectral characteristics of four
solar radio bursts that occurred during the period of intense solar activity
associated with the passage of McMath plage region No. 11976 across
the solar disk, during the first half of August, 1972. At this time, the
sweep-frequency equipment at Fort Davis covered the frequency range
10-2000 MHz [details of the antennas and receivers have been given elsewhere:
Maxwell, 1971] and it was in operation daily from sunrise (approx. 1250 UT)
to sunset (approx. 0135),

1972 August 2, 1839-1843 UT.

This radio burst was associated with a class 2B flare at N14 E26
that covered the period 1839-1844(max. )-1857. Figure 1 shows that, at
Fort Davis, type IV continuum emission was recorded in the band 750«
2000 MHz from approximately 1839-1843, and that faint type III bursts
occurred at approximately the same time in the meter band. The interest
in this radio burst lies in its association with an intense impulsive burst
of hard X-rays [Datlowe et al. , 19737 and with point-like optical flashes,
of size =1 arc sec and durations <10 sec, that were observed in the
optical band at A 3835 A [Tanaka and Zirin, 1973].

1972 August 2, 1959-2310 UT,

The radio bursts over this period were associated with a class 2B
flare at N14 E28 that covered the period 1958-2058(? max. )-2336. There
was a burst of hard X-rays that began at about 1958 and reached a maximum
at about 2044. TFigure 2 shows that, at Fort Davis a group of type III bursts
was recorded over the period 1959-2003. The major radio outburst began,
however, at approximately 2021, with a storm of type III bursts in the meter
band that continued until 2100. Type IV emission began in the meter and
decimeter bands at approximately 2021, became intense at 2031, gradually
spread to cover the dekameter band, and continued until about 2310, Note
that from 2040-2044 there was a burst in the meter band (from 100-30 MHz)
with the characteristics of a type II burst, possibly indicating the passage
of a shock wave with the velocity of the order of 1000 km/sec through the
outer corona. From 2023 until sunset, there was radio emission in the meter
and dekameter bands in the form of type I noise storm bursts.
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1972 August 4, 1315-1338 UT.

This radio burst was associated with the flare of class ~B at N13 W0l
from 1308-1310(max. )-1342. The Fort Davis record shows radio emission
in the form of a mixture of type III and pulsating type IV bursts. The radio
bursts shown in the figure were also preceded by a group of type III bursts
from 1304-1305.

1972 August 7, 1508-1950 UT.

This radio burst was associated with a class 3B flare at N16 W35
over the period 1505-1536(max. )-1930. A burst of hard X-rays began about
1436 and reached a maximum at about 1535, A ground-level solar particle
event began at 1515 and reached a maximum at about 1530 [Mathews and
Lanzerotti, 1973]. Figure 4 shows the commencement of the radio burst,
as recorded at Fort Davis. The onset of the burst was heralded by a group
of type III bursts in the microwave band, the upper envelope of which possibly
delineates the progress of a type II burst through the lower corona (Figure 5).
In the meter band, over the period 1519-1540, there was a complex series
of type II bursts that revealed components of at least two different velocities:
the one with the greater slope corresponding to a shock wave propagating
outward with a radial velocity of approximately 3000 km/sec and the burst
with the lesser slope corresponding to a shock moving outward with a radial
component of approximately 1000 km/sec [Maxwell and Rinehart, in pre-
paration]. The progress of the slower moving of the type II bursts was
subsequently tracked through the outer corona and the interplanetary medium
with radio equipment carried on the IMP-6 satellite [Malitson and Stone, 1973].
Type IV emission was observed from 1508-1950 and, in the microwave band,
it contained pulsations.

This work was carried out with the financial support from NSF Grant
GA-36266 and from USAF Contract F19628-73-C-0231.
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On the Type IV Bursts of August 2, 4, and 7, 1972

by

A. Bohme and A. Kriiger
Zentralinstitut fur Solar-terrestrische Physik der
Akademie der Wissenschaften der DDR (HHI) Bereich C 1
15 Potsdam / Telegrafenberg, G.D.R.

Connected with the transit of the strong active region related to McMath plage region 11976 during
the first ten days of August 1972, a series of remarkable flare-burst events occurred which were as-
sociated with violent disturbances in interplanetary space and with terrestrial effects. Among these,
type IV bursts of August 2 (0303 UT), August & (0540 UT), and August 7 (1422 UT) were observed at the
Solar Radio Observatory Tremsdorf near Potsdam of the Heinrich-Hertz-Institute. The present report
gives a phenomenological description of these events. Some remarkable features are briefly discussed.

An extract of the observations at selected frequencies is given in Table 1. Copies of single fre-
quency flux records are shown in Figures 1 - 3. Spectral diagrams derived from single frequency
observations of the bursts of August 4 and 7, 1972 are given in Figures & and 5. Results of polar=-
ization measurements at special frequencies (denoted by "P" in Figures 4 and 5) are included in the
discussion.

Table 1

Compilation of the Data of the Type IV Bursts
of August 2, 4 and 7 at Selected PFrequencies.

Date Frequency| Starting |Time of |Duration | Maximum [Frequency | Spectral
Time Maximum Min. Intensity| Range Components
MHz : UT - UT Mz
Aug. 2 9500 < 0400 0404 > 360 21202 9500~ IV
1500 < 0400 0404 > 330 > 1260 Ivdm
234 < 0330 0351 > 114 200 IVdm
113 0341 0410 > 120 700 30 |IVmB
Aug. 4 9500 0607: 0630: > 240 >5300 9500- IV
1500 05%40: 0624: >360 >1400 IVdm
234 0621: 0642: 440 500000 IT?I11I,IVdnm,B
113 06242 06463 4192 9000 II?III,IVdm,B
23 - 06253 06322 >275 90000 23 |II,IIT,IVmB
Avg. 7 9500 1300 1525: >180 > 5300 9500~ IV
1500 1320 1524.5( >180 > 1400 IVvdm
234 1429: 15223 >230 1600 Ivdm
113 1438: 1521 >220 20000 IT,IVA?B?
23 > 1512 1522 >120 10000 23 |II,IVA?B?

0304 UT August 2

The initial phase of this event is not well-represented by the HHI-measurements because the burst
started some minutes before sunrise at Tremsdorf. WNevertheless, it can be stated with certainty,
that no type IT burst was present on meter waves. Spectral observations from other stations [Lincoln
et al., 1972] support this conclusion. The missing type IT component is rather surprising since an
extremely strong shock front observed by Pioneer 10 in interplanetary space was assumed to be related
to this event [McKinnon, 1972]. Obviously, the physical conditions (complex magnetic structure) in
the active region were not favorable for an emission of a type II burst in that stage of development.
Apparently also the next strong flare-burst event at 1928 UT August 2 had no associated type II burst
[Lincoln et al., 1972]. The event of 0617 UT August 4 was related to only a weak and short duration
type IT burst,

At the frequencies < 113 MHz the radio event is proposed to be classified mainly as a IVmB burst
in spite of its left-handed sense of circular polarization. Also, the polarization on 9500, 1500,
and 775 MHz, presumably indicating a dominating influence of northern magnetic polarity, showed that
the leading spot hypothesis did not apply to this event. In spite of the relatively strong intensity
of the type IVU burst the type IVmB component remained comparatively weak, especially at low frequen-
cies. So far as can be concluded from spectral and polarization characteristics, no moving type IV
phase is expected for this event.
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0540 UT August 4

The type IVu component reached extraordinarily strong intenmsities at both centimeter and milli-
meter wavelengths (cf. also Lincoln et al., [1972]). The sense of circular’polarization on 3000,
1500 and 775 MHz changed repeatedly during the main phase of the event indicating a complex develop—
ment in space and time (again the leading spot polarity seemed to be suppressed most of the time).
Between 1500 and 775 MHz a veversal of the sense of polarization (from right to left) was well-
expressed in the post-maximum stage of the event.

A very strong emission band was centered on about 234 MHz which is proposed to be regarded as
type IVdm component, though in contrast to the normal case this emission extended up to 113 MHz.
At lower frequencies the event should be.classified as a type IVmB burst, though being polarized
in the left-handed sense.

An interesting known feature of the meter wave continuum is the pulsating structure which some-
times modulates the intensity in a quasi-periodic manner during strong flare-burst events. Usually
these pulsations are restricted to the frequency range of about 200 - 100 MHz and have periods on
the order of one second with a modulation of intensity sometimes lasting for one minute or more
[Abrami, 1970; Rosenberg, 1970; McLean et al., 1971]. In the present case of the August 4 event,
however, we observed exceptionally strong pulsations at decameter waves (maximum between 40 and
23 MHz) with periods on the order of five minutes (cf. Figure 2a). The same modulations have also
been found in records of the degree of polarization.

Another surprising feature is the following: Though the type IV burst was related to the strongest
proton event of the present solar cycle, the mA, -component, if at all present, was very poorly de-
veloped. Normally, besides the type IVW burst, a quasi-stationary broadband gyro-synchrotron emis-—
sion component in the meter region (called type IVmA, burst) appears to be typical for association
with an enhanced outflow of high energy protons from the sun [Bohme, 1972; Akinyan et al., 1971;
Bohme, 1971]. An interpretation of a missing strong type IVmAj component may be proposed in the
form of the following alternative variants:

Type IVmA; components occur preferably in active regions of not very 'complex' structure
[Bohme, 1971]. 1Indicated by the high intensity of the microwave emission, the main part

of the particle acceleration evidently took place in deeper levels of the solar atmosphere.
A second stage acceleration at greater coronal heights seems not necessary here. Concerning
the unexpected low intensities of special radio components, principally the influence of
absorption should be taken into account.

Applying an acceleration mechanism of the type suggested by McLean et al. [1971], the
production of high energy particles should be closely connected with the existence of
pulsations on the meter wave continuum occurring in the post-maximum phase of the radio
emission which have nothing to do with a type IVmAj; component.

1422 UT August 7

The initial phase of this event was characterized by a relatively slow multi-step-like increase
of intensity leading to a remarkable scattering of the maxima at different frequencies. In spite

of its shorter duration the polarization behavior was even more complicated than in the preceding
type IV bursts of this series.

Spectrum and morphology of the type IVW component somewhat resembled those of the previous
August 4 event. However, in comparison with the former event the sense of polarization appeared
reversed, and the intensities remained somewhat weaker.

N The)type IVdm component exhibited only a narrow-band peak on 775 MHz (polarization: right
anded) .

On meter waves the structure was rather complex including the polarization characteristics.

A strong type II burst started at about 1513 UT, extending up to 23 MHz. TIype IVmA components seem
to be indicated.

I? contrast to the foregoing event the type IVmB component appeared only weakly developed,
leading to the much shorter duration of the event on meter waves.

From this event a rather complicated magnetic field structure, ia particular at heights greater\ﬁhan
0.5 Ry above the photosphere, may be deduced, The behavior is very similar to that of the type IV )
burst of May 28, 1967 which also was the last of a series of strong type IV bursts [Bohme, 1971].
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The Type IV Bursts of August 4 and 7, 1972 Associated with p-Flares

by

H. Urbarz
Astronomical Institute of Tibingen University
Weissenau Station

The active McMath region 11976 crossed the east limb of the sun on July 29, 1972, evidently
with a complex magnetic structure of one spot group. During the East-West transit of region 976
seven low importance flares (IN to 1B) occurred. Table 1 shows data of three large flares, the
associated bursts were recorded by the Weissenau broadband radiospectrograph. The flare of
November 25 is included for comparison of the associated events, the preliminary data show
scattering between the given values.

Table 1
day 72 start end max position dura- imp McMath
ur uT Ut tion No.
Aug. 04 0530 0855 0639 N 14 E 09 205 3B 11976
Aug. 07 1455 1722 1636 N 14 W 37 150 3B
Aug. 11 1227 1307 1235 N 13w 90 40 2B
Nov., 25 0805 0926 0828 S 05 W 44 8 1F 12115

The large flares in regions 976 and 115 were associated with Type IV-bursts. Figures la to 1d
show the dynamic spectra of the associated radio bursts. The events of August 4 and 7 are broadband
Type IV bursts, probably with type II emission superposed, while on August 11 a weak Type II burst
is found on the record. The Type IV burst of November is confined to dm-waves. Only the beginning
of the spectrum of the August 4 burst is shown in Figure la, having a total duration of five hours.
In Figures 2a, 2b, and 2c¢ the maximum absolute fluxes are plotted versus frequency of consecutive
maxima showing V-type spectra except on November 25 where the m-wave component is lacking.

Table 2 gives magnetic classification and area of the sunspot groups of region 976 and 115,

Table 2
day 72 McMath  Mt. Wilson Magnetic area sunspot
No. No, class class

25 Nov 12115 19044 Bf 270  Eso
04 Aug 11976 18937 Rf

18935 § 1140  Fke
07 Aug 11976 18935 § 910  Eke

18942 op
10 Aug 11976 18935 $ 840  Dkec

For symbols see "Solar-Geophysical Data,' Descriptive
Text [ 1973].
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Table 3 is a survey of particle emission and maximum intensities of radio and x-ray bursts
associated with the flares.

Table 3

McMath region 11976

day 72 [Mt. Wilsonj p-events burst burst max. radio max x-ray
group type durat. burst flux. burst int. erg/cm®s
No. Min. F.U.

0,5-3 A |1-8 A|8-20 &
cm/mm dm m/dkm| (x10~%) [x10-*)(x10-%)

04 Aug 18935 Explor.37 IV/I1 4h45m | 9x10® 3x103 lxlOs 7500 4600 | 430
Riom PCA V-spect
07 Aug 18935 Explor.37 IV/11 50m | 2x10% 3x10° | 2x10” 9000 |4500 | 440
V-spect -
11 Aug 18935 / 8m / / / 370 810 400

McMath region 12115
25 Nov| 19044 /|1v lst event |1x10% | 1x10% | 1x102 170 | 490 | 300
N-spect. | 36m
2nd event
11lm

In Region 976 showing a complex magnetic g- configuration in one of the spot groups, five large
flares occurred within a few days. The flares of August 4 and 7 occurred together with the emission
of energetic protons directly measured by satellite monitors. The data considered confirm the
association of V-spectra-Type IV-bursts with the emission of energetic protons during large flares.
However, on August 11 a Type II burst occurred during a 2B flare on the West limb. The spot area
had declined since August 4, but the magnetic g-configuration was still present on August 10, as
observations showed. On November 25 an isolated dm/cm Type IV burst occurred during a 2B flare in
spotgroup 044, which showed a magnetic Bf-configuration. The m/dkm-wave component was lacking and
the maximum fluxes were smaller by a factor of 100 than the fluxes of the V-spectra. No emission of
energetic particles was found at the events of August 11 and November 25. These groups of associated
events give an example of the typical features observed in p-events and non-p-events, respectively.
The statistics comprising many events show that the correlation of simultaneous dkm/m- and of cm/mm-
wave bursts with the emission of energetic protons during large flares is very high. This indicates
a possible relation of a post-acceleration process of particles to the forming of the source of the
dkm/m-wave burst in the coronal trapping region during the burst start., The burst source of the
cm/mm-wave Type IV burst is assumed to be located in the lower corona emitting the high frequency
part of the V-spectrum. Thus V-spectra may be explained by the emission of two synchroton burst
sources in different coronal heights [Urbarz, 1970].

When the flare position was W37° on August 7, GLE-effects were observed indicating relativistic
protons. Duration of the Type IV burst was 50 minutes. On August 4, however, the flare-burst posi-
tion was near central meridian and the burst duration was five hours, a very rare phenomenon, but
there was no evidence of GLE-effects. The satellite monitors gave only information of protons of
higher energies than 60 Mev in both cases. The first phenomenon in question may be due to a direc~
tivity in emission of protons of peak energies. A change of directivity in the postmaximum phase of
the Type IV emission may yield the second phenomenon mentioned [Urbarz, 19737,

From Table 3 one finds an increasing X-ray flux in the continuum towards smaller wavelengths in
the case of the p-events. The non-p-events show maximum intensity in the center of the measured
x-ray spectrum. During the large flares of August 4 and 7, the 0.5 Mev and 2.2 Mev gamma ray
emission lines were detected directly the first time by satellite monitors indicating nuclear
processes in the flare region [ Chubb, 1972].
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About Two Type IV Events on August 4 and 7, 1972
Polarimetric Measurements at 237 MHz

by

Paolo Santin and Paolo Zlobec
Astronomical Observatory
Trieste, Italy

The magnetically complex McMath region 11976 (N14, L=9) produced some major flares and related
activity in the first days of August 1972. In this time interval, the most interesting data recorded
by our polarimeter on 237 MHz were on August 4 (0620 UT ~ sunset) and August 7 (1500 UT ~ sunset);
sunset was at about 1730 UT. These two type IV events were connected with the Tong enduring and
exceptionally strong flares of August 4 (start 0617, max. 0640, end 0853 UT; importance 3B) and August
7 (start 1449, max. 1534, end 1721 UT; importance 3B); this information was published in "Solar-Geo-
physical Data" [1973].

In this paper the solar radio emission is analyzed with particular emphasis on the circular polar-
ization of the recorded radiation. It was possible to do this, even using an instrument with Tow
resolving power, due to the much higher values of flux density coming from the active region than from
the remaining solar surface. Figures 1, 2 and 3 show the behavior of the total flux density and its
polarization; the contribution of the quiet Sun on 237 MHz is about 10 solar flux units (1 sfu =
10-22m-2Hz~1)

Our radio polarimeter, fed by a ten meter parabolic antenna, has a bandwidth of 0.5 MHz [Sedmak,
19707. Its output gives: 1) the sum and the difference of the two circularly polarized components
L+R and L-R with a Tow time resolution (paper speed = 20 cm/h, time constant = 0.5 sec), and 2) the
two separate components L and R with high time resolution (paper speed = 2 mm/sec or more, time
constant Tower than 12 msec). Figures 1 and 3 were plotted on the basis of calculations made with
the data given by output (1), and Figure 2 is an example of output (2). We thus have the total flux
density and the degree of circular polarization (=100(L-R)/(L+R)), whose accuracy can generally be
considered to be better than 10%.

Figure 1 shows the behavior of the first type IV event from 0620 to 1250 UT. 1In the previous
interval beginning with our recording time (0538) the flux density was about 40 sfu and the degree
of circular polarization was about 65% L. After the event, similarly low mean values were recorded
no sooner than about 1500 UT. The time interval later than 1250 UT is not reported since interest-
ing phenomenon is decreasing.

The rapid flux increase begins at about 0623 UT, but growing continues in some intervals with
flux varying rapidly until 0642 UT with a peak of about 280,000 sfu. During this period the polar-
ization degree is much Tower (for almost 10 minutes the polarization is about zero) than before and
after. For one hour and a half some flux density peaks follow each other and almost reach the pre-
viously reported value; however, the flux density is practically above 2,000 sfu. Concurrently,
the polarization degree is generally higher than 80% L and the slight decreases are in agreement
with the diminishing of the flux density. After 0800 UT the trend of the flux density is generally
decreasing, and it is possible to see Tong enduring time intervals where the slope is practically
Tinear in the Togarithmic scale of the drawing (that is, an exponential type decrease) surmounted
by groups of stronger bursts. The corresponding polarization degree is slightly decreasing while
the mentioned groups of stronger bursts are practically totally L-handed polarized (see Figure 2).
Only the strengthening of the flux after 1200 UT is exceptional with the polarization degree shift-
ing towards zero, especially in phases when the flux increases; however the active region is always
the same.

For August 4 we also have radio interferometric measurements at 408 MHz. The recorded jinterval
is 0900 - 1300 UT, and all this time the position of the source on the Sun is constant and near to
the optical center. The radiometric behavior of the flux density in the quoted period is very
similar to the 237 MHz one (for example, we see at about 1040 UT both on 237 and 408 MHz a con-
siderable flux decrease). The constant position and the common development show that the event is
at our wavelengths probably a "stationary type IV burst", at least for the period after 0900 UT.

The type IV event of August 7 begins just after 1500 UT. Before this time it was a partially
L-handed polarized noise storm of near constant intensity (30 sfu). The polarization degree of the
entire phenomenon is Tow. There are only sporadic groups of bursts having strong polarization which
may also come from other active radio regions. We must further say that the polarization of the
continuum after 1600 UT is probably faintly influenced by a man-made interference; therefore, we
suppose that the polarization of the continuum is closer to zero than it appears in Figure 3.

For this type IV event we do not have interferometric and radiometric data at 408 MHz.
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SEDMAK, G.

Fig. 1.

Flux density and degree of circular polarization for August 4, 1972.
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Fig. 3. Flux density and degree of circular polarization for August 7, 197&.
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Swept Frequency Interferometer Data Analysis

for the Type IV Event of 1972, August 12

by

Anthony C. Riddle
Department of Astro-Geophysics
University of Colorado
Boulder, Colorado 80302

A moving Type IV event was observed with the University of Colorado swept-frequency interferomter
on 1972 August 12 commenced at 2052 UT. Optical observations prior to and during the Type IV event
showed no flare activity on the disk. A limb surge was observed on the west limb (latitude N25) com-
mencing at 2022 UT [Lincoln and Leighton, 19727]. Later coronal observations taken in Hawaii (courtesy
of R. Hansen, HAO) show an Ho spray extending to "“IR, above the surface by 2100 UT. The footpoint of
this spray was at a position angle 315° Geocentric (a latitude of N29 if on the limb). It is assumed
that all this activity is assoclated with region McMath 11976 which, at the time of the activity, was
17° beyond the west limb.

The radio data in the frequency range 8-80 MHz first showed activity with a weak Type III burst at
2038 UT. Two other weak Type III bursts preceded the Type IV which commenced, at frequencies near the
top of the range, at 2052 UT. The intensity of the activity built up towards a peak at 2115 UT and de-
cayed slowly until 2240 UT after which no further trace could be seen. There was a tendency for the
frequency of maximum emission to decrease as time progressed. The stronger activity is shown in Figure
1 which covers the time period 2055-2225 UT and the frequency bands 18-40 MHz and 40-80 MHz. A detailed
description of the record format has recently been given by Dodge [1973].

Determination of fringe positions from the radio observations was made at 5 minute intervals from
2100 to 2220 for fringes in the 18-40 MHz band. The data in the 40-80 MHz band was not suitable for
primary analysis as, in general, the fringes were too weak (partially due to lower sensitivity in this
band). However a few fringe position determinations were made and they confirmed the positions derived
from the lower frequency band. At any instant of time there was a tendency for the high frequency fring-
es to appear to be further from the center of the sun, however the dispersion was well within the indi-
vidual measurement errors. Consequently an average position was determined from the mean of the posi-
tions of all fringes observed at any one time. The accuracy of each mean is estimated to be about Ro/4.

A second coordinate was determined by making the assumption that the source moved along a radial
line at position angle 315° Geocentric. This assumption is consistent with the Hy surge and flare
spray observations and also is consistent with two dimensional radio observations made later (2324 UT
to 0130 UT) at Culgoora (private communication K. V. Sheridan) which showed two stationary 160 MHz sources
to be at position angle 315° Geocentric and at radii 1.4 Ry and 1.7 Ry. The intersection of this radial
line and the fringe lines gave radial positions for the Type IV source which are shown in Figure 2.

A straight line has been fitted to the radio data in Figure 2. The deviations of the data points
from the line are consistent with the accuracy of the fringe position determinations.

Positions derived from the optical data are also shown in Figure 2 [Hansen, 1972]. The close fit
of the optical data to the line indicate that the association of radio and optical data was justified.
The slope of the line indicates a velocity of ™340 km/sec for the disturbance causing the Type IV burst.
It would appear that this disturbance left the limb at about the same time that the surge developed and
that it travelled with a similar velocity to, but ahead of, the material seen in Hu by the Mauna Loa
coronagraph.,

The observation of Hy brightening out to 2 Ry and a Type IV burst out to 5 Ry indicates major
solar activity. It might be expected then that strong Type III bursts and a Type II burst would pre-
cede the moving Type IV burst. However the position of McMath region 11976, 17° behind the 1imb, would
make it difficult for plasma frequency radiation (involved in Type II and Type III bursts) to reach the
observer. The Type IV radiation at 40 MHz was first observed at ~v2% R which is consistent with the
expected minimum radius for a 40 MHz source situated above a point beyond the limb.
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