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I. INTRODUCTION

This final technical report for grant AFOSR-89-0147 covers the period from 01 November
1988 to 30 April 1992. Section II contains the abstracts for twenty four (24) presentations
at professional meetings, including those of the American Astronomical Society (AAS),
the American Geophysical Union (AGU), the Committee on Space Research (COSPAR),
@ the International Astronomical Union (IAU), and the Union Radio Scientifique Interna-
tional (URSI). These presentations, as well as the subsequent publications (Section IV),
have provided new insights to the origin and prediction of explosive bursts, or flares, that
can directly interfere with high-flying aircraft or disrupt communications with them. Our
Very Large Array (VLA) results at 20 cm wavelength indicate, for example, that preflare
® heating in coronal loops and the magnetic interaction of coronal loops can trigger the
explosive release of stored magnetic energy near the apex of coronal loops, and that the
preflare, impulsive and decay phases of solar flares occur in spatially separate, but nearby,
coronal loops. They therefore show that previous observations of the underlying solar
chromosphere or photosphere will not provide the key predictive element for solar flares;
although magnetic shear in the photosphere may be a necessary ingredient for solar flares,
most sheared regions do not flare and a change in the photospheric configuration has never
been detected during a solar flare. Our results also discount a major theoretical effort that
attempted to explain solar flares in terms of instabilities within isolated coronal loops that
do not interact with neighboring ones.
Section III contains the abstracts for twenty one (21) successful proposals to use the
@ Very Large Array (VLA) or the Arecibo Observatory for studies of flares, or eruptions,
on the Sun or nearby flare stars. Our general approach has been to utilize the unique
high-angular-resolution capability of the VLA while enhancing its scientific return with si-
multaneous observations at other electromagnetic regions from both the ground and space.
Our successful proposals therefore include collaborative observations with the French Nan-
® cay radio telescope for high time resolution; with the Swiss PHOENIX radio telescope for
simultaneous spectra and motions of flares; with the Solar Maximum Mission (SMM) and
Yohkoh satellites for flare diagnostics and images at X-ray wavelengths; and with the
Gamma Ray Observatory (GRO) satellite for simultaneous gamma-ray observations of so-
lar flares. This has therefore been one of the most advanced and cost-effective programs
of solar research ever sponsored by the Air Force Office of Scientific Research (AFOSR).
The world’s largest radio telescope, the VLA, has been operated at enormous expense by
the National Science Foundation (NSF') to carry out AFOSR investigations of solar flares,
as have three billion-dollar satellites funded by NASA.
The important scientific results of research carried out under grant AFOSR-89-0147
can be found in Section IV that contains reprints of seventeen (17) papers published in
o the most reputable journals including the Astrophysical Journal, the Astrophysical Jour-
nal (Letters), Astronomy and Astrophysics, Proceedings of Colloguia and Symposia of the
International Astronomical Union (IAU), and Advances in Space Research - Proceedings
of the Committee on Space Research (COSPAR). The key published findings, in the order
reproduced here, are:

o 1. The first detection of quiescent filaments in emission at radio wavelengths, demon-




strating the existence of a transition sheath that acts as an interface between the cool Ha
filaments and hot surrounding corona.

2. The discovery of narrow-band radio emission from flare stars, indicating the need for
a coherent radiation mechanism.

3. The observation of large-scale, previously-invisible magnetic loops that connect
widely-separated active regions and act as magnetic conduits for the triggering of flares,
or eruptions, at remote regions on the Sun.

4. The first observations of coronal loops at radio wavelengths; these ubiquitous features
that dominate the structure of the the solar corona had previously only been detected us-
ing X-ray observations from space.

5. Noise storms have been resolved for the first time; they originate in large-scale mag-
netic loops that connect active regions to more distant regions on the Sun.

6. Impulsive stellar flares exhibit rapid variations, lasting 100 milliseconds or less, that
require radio sources that are smaller than the star in size and high brightness tempera-
tures of Tg>10" K that require coherent plasma radiation or coherent electron masers.

7. Solar flares, or eruptions, appear to be triggered by the magnetic interaction of coro-
nal loops; the preflare, impulsive and decay phases of flares occur in spatially separate,
but nearby, coronal loops.

8. Feedback mechanisms between high-lying coronal loops and lower ones may relate
noise storms, solar flares, and coronal mass ejections. Coronal loops may also interact
magnetically over large scales comparable to a solar radius in size.

9. The three-dimensional structures of solar active regions can be determined from
multiple-wavelength observations at radio and X-ray wavelengths and magnetic extrap-
olations from magnetograms. Such investigations of the global structure of solar active
regions provide the evolutionary signatures needed to fully understand solar flares.

The last Section V notes that we have expended all of the funds for the three-year grant
AFOSR-89-0147 to complete all of the proposed research. Here we also mention our future
research plans to continue studies of solar flares, or eruptions, using existing and future
observations with the Very Large Array (VLA), as well as the Yohkoh and Gamma Ray
Observatory (GRO) satellites. An unsolicited proposal for a three-year program begin-
ning in Fiscal Year (FY) 1993 will soon be submitted to the Air Force Office of Scientific
Research (AFOSR). The fundamental new results given in this final technical report, com-
bined with a full realization of their wide-ranging implications and the cost-effective use
of the world’s best solar telescopes and satellites should encourage future AFOSR funding
at the $100,000 yearly level.
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II. PAPERS PRESENTED AT PROFESSIONAL MEETINGS
FROM 1988 to 1991 INCLUSIVE

A. Workshop on the Solar Interior and Atmosphere
Held in }}‘ucson, Arizona on 15 to 18 November, 1988

VLA NANCAY OBSERVATIONS OF THE SOLAR CORONA
Kenneth R. Lang
ABSTRACT:

The temperature and magnetic structures of coronal loops are determined by Very Large Array
(VLA) observations at 20 cm wavelength. Comparisons of VLA 20 cm images with soft X-ray
data taken with the Solar Maximum Mission (SMM) satellite indicate that coronal loops have dif-
ferent temperatures and radiation mechanisms that can only be detected by observations in both
spectral domains. The 20 cm data show evidence for preflare heating and magnetic interaction
that apparently trigger the explosive release of energy near the tops of coronal loops. Large-scale
magnetic structures are detected with new 90 cm instrumentation. The extended 90 cm emission is
sometimes associated with filaments; other elongated structures have no well-defined optical coun-
terpart. Equatorial and polar holes are also detected. The Nancay radiohelioograph is used as
a time filter (temporal resolution up to 20 milliseconds) for the VLA 90 cm data, enabling us to
distinguish explosive bursts, groups of bursts, and the the background continuum. Noise storms
have been resolved for the first time; they originate in large magnetic loops that connect active
regions with more distant regions on the Sun. Successive polarized noise storm bursts (Type I)
are emitted by the same source, but they are occasionally interspersed with unpolarized bursts
that originate in a different nearby source. The combined data will permit the spatial (VLA) and
temporal (Nancay) resolution of a wide variety of explosive phenomena in the corona, including
Type I, Il and III bursts as well as the presently-unknown initiating source of coronal mass ejections.

B. National Research Council, Union Radio Scientifique International (URSI)
Meeting
Held in Boulder, Colorado on 4 to 6 January 1989
Commission J. Solar and Stellar Radio Bursts.

VLA OBSERVATIONS OF SOLAR AND STELLAR RADIO BURSTS
Kenneth R. Lang and Robert F. Willson
ABSTRACT:

Very Large Array (VLA) observations at 20 cm wavelength specify the temperature and magnetic
structure of coronal loops within solar active regions. Snapshot maps at intervals as short as 3 sec-
onds indicate that explosive radio bursts originate at the apex of these loops, and that the bursts
;nay be triggered by preburst heating within coronal loops or magnetic interaction between the
oops.

VLA observations at 90 cm wavelength specify closed and open magnetic structures in the low
solar corona. Large-scale magnetic loops are often associated with filaments or coronal streamers
rather than active regions. Type I radio bursts, that occur during solar noise storms, originate
near the apex of large-scale magnetic loops that connect active regions with more distant regions
on the solar surface. Successive Type I bursts can originate in the widely-spaced legs of magnetic
loops. The large-scale 90 cm loops may interact with the smaller-scale 20 cm ones, giving rise to
solar bursts within an underlying active region. similar VLA observations will provide new insights
to the unknown initiating source of coronal mass ejections observed by satellite coronagraphs.

VLA observations of dwarf M flare stars indicate narrow-band emission (for YZ CMi), while
Arecibo observations indicate rapid variations, small source sizes and high brightness temperatures
(Tp>10'2 K for AD Leo and EQ Peg). Coherent radiation mechanisms are required, placing con-
straints on the stellar magnetic fields and coronal electron densities. We have not detected evidence
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for frequency drifts during radio bursts on stars other than the Sun, suggesting that electron beams
and shock waves may not play a dominant role in the radio bursts from dwarf M flare stars.

C. The 173rd Meeting of the American Astronomical Society (AAS)
Held in Boston, Massachusetts on 9 to 13 January 1989

VLA OBSERVATIONS OF CORONAL LOOPS, FILAMENTS AND STREAMERS
Kenneth R. Lang and Robert F. Willson
ABSTRACT:

Very Large Array (VLA) observations at 20 cm wavelength specify the temperature and magnetic
structure of small-scale coronal loops within solar active regions. VLA observations at 90 cm wave-
length specify large-scale closed and open magnetic structures. Large-scale magnetic loops are
often associated with filaments or coronal streamers rather than active regions. The large-scale
90 cm loops may interact with the smaller-scale 20 cm ones, giving rise to solar bursts within an
underlying active region.

D. The 173rd Meeting of the American Astronomical Society (AAS)
VLA OBSERVATIONS OF SOLAR RADIO BURSTS
Robert F. Willson and Kenneth R. Lang
ABSTRACT:

Very Large Array (VLA) snapshot maps at intervals as short as 3 seconds indicate that explosive
radio bursts originate at the apex of coronal loops (20 cm), and that the bursts may be triggered
by preburst heating within coronal loops or magnetic interaction between the loops. Type I radio
bursts that occur during solar noise storms, originate near the apex of large-scale magnetic loops
(90 cm) that connect active regions with more distant regions on the solar surface. Successive
components of other 90 cm bursts originate in the widely separated legs of magnetic loops.

E. American Geophysical Union (AGU) Meeting
Held in Baltimore, Maryland on 7 to 12 May 1989
Solar-Planetary Relations: Solar and Heliospheric Physics.

VLA OBSERVATIONS OF FLARING CORONAL LOOPS.
Kenneth R. Lang, Robert F. Willson and Spiro K. Antiochos
ABSTRACT:

Very Large Array studies of flaring coronal loops indicate that different loops are responsible for
preflare, impulsive and postflare activity. Preflare activity in the low solar corona is indicated by
the enhancement of 90 cm continuum emission before an impulsive 20 cm burst and a 90 cm noise
storm. For this 20 cm burst, the impulsive and decay phases also appear to be located in different
sets of loops. Our observations indicate that the size of the impulsive emission rapidly increases
with wavelength even though the radio wavelength profiles correlate with hard X-rays. Global
studies of large-scale magnetic fields using full-disk 90 cm observations show that primary bursts
can trigger secondary ones through otherwise invisible magnetic loops.

F. Nineteenth Meeting of the American Astronomical Society (AAS)
Solar Physics Division
Held in Laurel, Maryland, Johns Hopkins University, Applied Physics
Laboratory on 5 to 8 June 1989.
Max 91 Workshop No. 2.

VLA - MAX 91 TESTS OF HIGH ENERGY FLARE PHYSICS
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ABSTRACT:

The potential for VLA contributions during the coming maximum in solar activity is illustrated
by observations of solar flares on 15 May, 28 May, 8 June, 24 June and 30 September 1988. Here
we focus on the high spatial resolution and multiple-wavelength capabilities of the VLA, while also
discussing its limitations that can be overcome with simultaneous observations in other spectral do-
mains. The five sets of observations provide evidence for: correlated bursts from widely-separated
active regions connected by large-scale coronal loops; spatially separated radio sources during the

recursor, impulsive and post-burst phases suggesting successive activation of different coronal
oops; and tests of theoretical models of microwave burst emission.

G. Nineteenth Meeting of the American Astronomical Society (AAS) Meeting
Solar Physics Division
Held in Laurel, Maryland, Johns Hopkins University, Applied Physics
Laboratory, on 5 to 8 June 1989

MULTIPLE-WAVELENGTH SMM-VLA OBSERVATIONS OF AN M2 CLASS X-RAY FLARE
Robert F. Willson, Kenneth R. Lang and Joan T. Schmelz.

ABSTRACT:

Light curves and spectra of Ca XIX and Fe XXV from the Bent Crystal Spectrometer are compared
with simultaneous VLA images at 2, 3.6 and 6 cm wavelength during an M2-class X-ray flare. These
observations were part of the International Solar Month in September 1988. These data are also
compared with hard X-ray observations from HXRBS, microwave spectra from the Air Force Solar
Radio Patrol stations, and Ha images and magnetograms obtained by the SOON and Kitt Peak
Observatories. The sizes and brightness temperatures of the microwave sources are compared with
those predicted by multithermal and nonthermal models in which the magnetic field strength and
temperature are allowed to vary throughout the source. The preburst and postburst structure of
the X-ray and microwave emitting plasma are also discussed.

H. International Astronomical Union (IAU)
Colloquium No. 117, Dynamics of Prominences
Held in Hvar, Yugoslavia on 25 to 29 September 1989

RADIO EMISSION FROM QUIESCENT FILAMENTS
Kenneth R. Lang
ABSTRACT:

Full-disk VLA synthesis maps of the quiet Sun indicate that filaments can be seen in emission
at 91.6 cm wavelength; they are detected in absorption at shorter microwave wavelengths. The
91.6 cm emission has a brightness temperature of Tg = 3 x 10° K. It is hotter, wider and longer
than the underlying filament detected at Ha wavelengths, but the similarity between the shape,
position, elongation and orientation of the radio and optical features suggests their close associa-
tion. The 91.6 cm emission is attributed to the thermaf bremsstrahlung of a hot transition sheath
that envelops the Ha filament and acts as an interface between the cool, dense Ha filament and
the hotter, rarefied corona. The transition sheath is seen in emission because of the lower optical
depth of the corona at 90 cm, and the width of this sheath is ~10* km. A power law gradient
in pressure provides a better match to the observations than a constant pressure model; definitive
tests of theoretical models await simultaneous multi-wavelength studies of filaments at different
observing angles. When the thermal bremsstrahlung is optically thin, the magnetic field strength
in the transition sheath can be inferred from the observed circular polarization. Variable physical
parameters of the sheath, such as width, electron density, and electron temperature, can explain
controversial reports of the detection of, or the failure to detect, the meter-wavelength counterpart
of Ha filaments.
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I. International Astronomical Union (IAU)

Symposium No. 137, Flare Stars
Held in Byurakan, Armenia on 23 to 27 October 1989

FLARE STARS AT RADIO WAVELENGTHS
Kenneth R. Lang
ABSTRACT:

The radio emission from dMe flare stars is discussed using Very Large Array and Arecibo observa-
tions as examples. Active flare stars emit weak, unpolarized, quiescent radio radiation that may
be always present. Although thermal bremsstrahlung and/or gyroresonance radiation account for
the slowly-varying, quiescent radio radiation of solar active regions, these processes cannot account
for the long-wavelength quiescent radiation observed from nearby dMe flare stars. It has been
attributed to nonthermal gyrosynchrotron radiation, but some as yet unexplained mechanism must
be continually producing the energetic electrons. Long-duration (hours), narrow-band (Av< 0.1)
radiation is also emitted from some nearby dMe stars at 20 cm wavelength. Such radiation may be
attributed to coherent plasma radiation or to coherent electron-cyclotron masers. Impulsive stellar
flares exhibit rapid variations (<100 msec) that require radio sources that are smaller than the star

in size, and high brightness temperatures Tp>10'% K that are also explained by coherent radia-
tion processes. Quasi-periodic temporal fluctuations suggest pulsations during some radio flares.
Evidence for frequency structure and positive or negative frequency drifts during radio flares from
dMe stars is also presented.

J. International Astronomical Union (IAU)
Symposium No. 142. Basic Plasma Processes on the Sun
eld in Bangalore, India on 1 to 5 December 1989

VLA OBSERVATIONS OF THE CORONAL PLASMA
Kenneth R. Lang
ABSTRACT:

VLA observations at 20 cm wavelength specify the brightness temperature and magnetic field
structure of plasma constrained within coronal loops in solar active regions. Comparisons with
simultaneous SMM observations at soft X-ray wavelengths lead to measurements of physical pa-
rameters like electron density, electron temperature and magnetic field strength. Such comparisons
also indicate coronal loops can be detected at either radio or X-ray wavelengths while remainin
invisible in the other spectral domain, and that the dominant radiation mechanisms can be therm
bremsstrahlung or thermal gyroresonance radiation. VLA observations at the longer 90 cm wave-
length reveal the thermal emission of a hot transition sheath enveloping a cooler, underlying Ha
filament seen in absorption. The 20 cm VLA observations indicate that the precursor, impulsive
and post-flare components of solar flares originate in spatially separated and resolved sources. The
90 cm VLA data indicate that time-correlated radio bursts can occur in active regions on opposite
sides of the solar equator. These regions are apparently linked by large-scale, trans-equatorial mag-
netic loops at least 2.6 x 10° km (or 6°) long; these loops act as magnetic conduits for relativistic
electrons moving at one-third the velocity of light.
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K. Twentieth Meeting of the American Astronromical Society (AAS) Solar Physics Division
Held in Albuquerque, New Mexico on 10 to 14 June 1990

}%ﬁ GO'IBI{{;ERVATIONS OF MULTIPLY-IMPULSIVE SOLAR BURSTS AT 20 AND 90 cm WAVE-

Robert F. Willson
ABSTRACT:

The VLA has been used to map the structure of two multiply-impulsive bursts simultaneously at
20 and 90 cm wavelength. For one of these bursts, the 20 cm emission was well-correlated with
that at hard X-ray wavelengths; we have spatially resolved the different components of its radio
time profile, including a weak precursor and several subsequent impulsive peaks. The 90 cm burst
emission occurred both before and during the 20 cm burst and was located above it at ~1.2R,. The
other 20 cm burst was resolved into an extended (#~40”) and an unresolved (#<10”) source. There
was no hard or soft X-ray emission detected during this event. The associated 90 cm emission
occurred about 40 seconds later, apparently in a large-scale (6~ 5’) loop joining the 20 cm active
region to another one. Spectral data have been analyzed for both bursts in order to determine the
relevant emission mechanisms.

L. The XXVIII Meeting of the Committee on Space Research (COSPAR).
Symposium S.9 Space Observations of the Solar Corona and the Origin of the Solar Wind.
Held at the Hague, Netherlands on 27 to 29 June 1990.

VLA OBSERVATIONS OF THE INNER CORONA
Kenneth R. Lang
ABSTRACT:

We discuss simultaneous Very Large Array (VLA) and Solar Maximum Mission (SMM) observa-
tions which have been used to provide estimates of the electron density, electron temperature and
magnetic field strength in coronal loops above active regions. These data indicate that coronal
loops can be detected at either radio or X-ray wavelengths while remaining invisible in the other
spectral domain. We also discuss VLA observations at the longer 90 cm wavelength that reveal
the thermal emission from a hot transition sheath enveloping a cooler, underlying Ha filament
seen in absorption. The 90 cm VLA data also indicate that time-correlated radio bursts can occur
in widely-separated active regions. These regions appear to be connected by large-scale magnetic
loops that act as magnetic conduits for relativistic electrons moving at one-third the velocity of light.

M. The XXVIII Meeting of the Committee on Space Research (COSPAR). Solar- Terrestrial Physics
(STP) Session 1.2. The Sun-Transient Phenomena
Held at the Hague, Netherlands on 25 June to 30 June 1990.

VLA RESOLUTION OF THE PREFLARE, IMPULSIVE AND POSTFLARE STATES
Kenneth R. Lang
ABSTRACT:

VLA snapshot maps at 3-second intervals show that the precursor, impulsive and decay phases of
20.7 cm flares originate in spatially-separated sources, suggesting successive activation in different
coronal loops. Interacting coronal loops apparently trigger the impulsive release of stored magnetic
energy and the coronal magnetic configuration then reﬁga.xes to a new stable state during the decay
hase. The 20.7 cm precursor source is ascribed to thermal gyroresonance emission from coronal
oops with typical magnetic field strengths of up to 270 G; this emission is associated with heatin
and exhibits no detectable hard X-ray emission above 30 keV. The impulsive 20.7 cm source ani
the hard X-ray emission are attributed to nonthermal electrons in the coronal and chromospheric
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portions of a magnetic loop.

N. International Astronomical Union (IAU) Symposium No. 142.

Basic Plasma Processes on the Sun
Held in Bangalore, India on 1 to 5 December 1990

VLA-PHOENIX OBSERVATIONS OF A NARROW-BAND DECIMETRIC BURST
Robert F. Willson and Arnold O. Benz
ABSTRACT:

We discuss observations of a highly-circularly polarized multiply-impulsive microwave burst de-
tected by the Very Large Array and the Phoenix Digital Radio Spectrometer. The VLA was used
to resolve the burst in two dimensions, while Phoenix provided high time resolution information
about its spectral properties. During part of the burst, positive frequency drifts were detected,
suggesting inwardly-propagating beams of electrons emitting Type III-like radiaiion.

0. The XXVIII Meeting of the Committee on Space Research (COSPAR). Symposium S.9. Space
Observations of the Solar Corona and the Origin of the Solar Wind.
Held at the Hague, Netherlands on 27 to 29 June, 199C

ggﬁg{&{,]ﬂ WAVELENGTH RADIO OBSERVATIONS OF MASS EJECTIONS IN THE SOLAR

J.P. Raulin, A. Kerdraon, K.L. Klein, G. Trottet, Robert F. Willson and Kenneth R. Lang
ABSTRACT:

1988 June 8: Noise storm enhancement
(No associated Ha or microwave burst)

The radio emission (dm-to-m-A) shows the brightening of a single source (at a site remote from a
pre-existing noise storm). This emission is due to nonthermal electrons (brightness temperature

>108 K, circular polarization >50%). At A=21 c¢m and in soft X-rays the evolution of the thermal
plasma in the low corona is observed.

The nonthermal emission in the middle corona is preceded by the appearance of a new source in
the low corona (heating or density increase).

The time delay between the appearance of this source and the onset of the dm-to-m-\ emission,
together with the observed source motion at dm-to-m-), suggesting triggering of the noise storm
enhancement by an outwardly propagating disturbance (v = 200 km sec™! =~ c, ).

The similar evolution of the noise storm enhancement at different wavelengths shows that energy
is fed continually to the nonthermal electron population during the event. grovided the soft X-ray
emission comes from the same active region, its similar duration to the noise storm enhancement
suggests a close link between the heating of the soft X-ray source and particle acceleration.

1989 June 20: Moving Type IV Burst
(associated with 3B and SF flares and expanding loops in Ha).

The radio sources in the corona overly a complex of intense activity in Ha, showing a large loop
expanding into the corona after a filament eruption. Qutward moving cold material is also seen in
millimeter waves. The whole event is accompanied by a soft X-ray burst (X1.6). The long duration
of the moving Type IV emission and its association with energetic processes in the low atmosphere
indicate the continual input of energy into supra-thermal electrons during the whole event. The
observations appear to be inconsistent with a model where the electrons are accelerated by a shock
wave (resulting from the impulsive flare) during its outward motion through the corona.
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P. Twentieth Meeting of the American Astronomical Society (AAS) Solar Physics Division
Held in Albuquerque, New Mexico on 10 to 14 June 1990

A SEARCH FOR THE 154-DAY PERIODICITY IN THE OCCURRENCE
RATE OF SOLAR FLARES IN THE EARLY YEARS OF CYCLE 22.

James N. Kile and Edward W. Cliver

We have examined Ottawa 2.8 GHz burst data (> 50 sfu) and GOES 1-8 A soft X-ray burst data
(2 M2.5) for evidence of the 154-day periodicity in flare activity during the early years (September,
1986 - February 1990) of cycle 22. Evidence for the 154-day periodicity, significant at the < 1%
level, was found in both of these data sets for the cycle 21 interval from February, 1980 - September,
1983 in which the periodicity was first detected. Using the Scargle periodogram technique with
the significance test of Horne and Baliunias, we find no evidence, as of yet, for a recurrence of the
154-day periodicity during the current 22" solar cycle.

Q. Twentieth Meeting of the American Astronomical Society (AAS) Solar Physics Division.
Held in Albuquerque, New Mexico on 10 to 14 June 1990

gggs&g% %V INTERPRETATION OF MULTIWAVELENGTH OBSERVATIONS OF A SUNSPOT

Jeffrey W. Brosius, Gordon D. Holman, Robert F. Willson, and Joan T. Schmelz

Simultaneous observations of an active region located near disk center were obtained with the Very
Large Array (VLA), the Solar Maximum Mission X-Ray Polychromator (SMM/XRP), and the
Beijing magnetograph on 18 December 1987, during the Coronal Magnetic Structures Observing
Campaign (CoMStOC). The active region contained a sunspot with longitudinal photospheric fields
‘cllp to 2500 G, and a nearby area of plage. The microwave observations were made at a series of four

osely-spaced frequencies within each of the 6 and 20 cm wavebands. The 6 cm emission is closely
associated with the sunspot, with loops connect'mg the sunspot and nearby regions of opposite
polarity, and with the plage. Using the systematic shift in the location of the intensity peak in each
of the wavelengths in the 20 cm waveband, we calculate magnetic field strength as a function of
height in the loops near the sunspot. In the plage, where the X-ray fluxes are sufficiently high that
line flux ratios can be used to determine the plasma temperature and column emission measure, we
calculate theoretical 20 cm radio maps based on the assumption that thermal bremsstrahlung is the
only contributing emission mechanism. A comparison of these theoretical maps with the observed
maps enables us to determine the contribution from thermal gyroemission, and hence to determine
the magnetic field in the plage. These results are compared with potential field extrapolations of
the Beijing magnetogram using a code developed by T. Sakurai.

R. Twentieth Meeting of the American Astronomical Society (AAS)
Held in Albuquerque, New Mexico on 10 - 14 June, 1990

XII?:II‘} (?'Il}]gERVATIONS OF MULTIPLY-IMPULSIVE SOLAR BURSTS AT 20 AND 91 cm WAVE-

Robert F. Willson

The VLA has been used to map the structure of two multiply impulsive bursts simultaneously at
20 and 90 cm wavelength. For one of these bursts, the 20 cm emission was well-correlated with
that at hard X-ray wavelengths; we have spatially resolved the different components of its radio
time profile, including a weak precursor and several subsequent impulsive peaks. The 90 cm burst
emission occurred both before and during the 20 cm burst and was located above it at ~1Rg. The

other 20 cm burst was resolved into an extended and an unresolved source. There was no hard or
soft X-ray emission during this event. The associated 90 cm emission occurred about 40 seconds

later, apparently in a large-scale (6x5’) loop joining the 20 cm active region to another one. In
both cases the gradual 20 cm burst emission was spatially separated (#~1°-4’) from the impulsive

source, suggesting magnetic interaction of coronal loops over large (L~4.3-17.5 x 10° cm) distances.
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Microwave spectral data have also been analyzed for both bursts in order to determine the relevant
emission mechanisms.

S. International Scientific Working Group Meeting for the Solar A Satellite
Held in Tokyo, Japan on 21 to 27 October, 1990

VLA SUPPORTING OBSERVATIONS FOR SOLAR A
Kenneth R. Lang

High resolution, three second VLA snapshot maps at 20 cm wavelength can be used to resolve
coronal loops within individual active regions and thereby reveal the coronal magnetic interaction
that can trigger solar flares. These VLA maps can complement simultaneous SXT SOLAR A
observations. Simultaneous VLA and Solar A observations can extend and amplify VLA results
that resolve the preflare, impulsive and postflare stages of solar flares into nearby, but spatially-
separated, sources. If this result is confirmed and found to be usually applicable, it will rule out
extensive previous theoretical work that confines all aspects of flare activity to a single coronal
loop or arcade of loops. VLA synthesis maps at 91.6 cm wavelength indicate that widely-separated
active regions are apparently linked by large-scale, transequatorial loops 100 thousand to a mil-
lion kilometers long. Three second VLA snapshot maps at this wavelength suggest that energetic
electrons accelerated during a radio burst in one active region can move within these global mag-
netic conduits at nearly the velocity of light, thereby triggering bursts along the large-scale loops in
other distant active regions. The SXT aboard SOLAR-A should routinely observe the entire Sun to
sample these global magnetic structures. SXT or HXT SOLAR-A observation with limited field of
view within an individual active region should be compared with simultaneous, global three-second
VLA snapshot maps. Such VLA observations can connect the localized satellite observations with
related activity in widely-separated active regions that are outside the satellite’s field of view.

T. The 177th Meeting of the American Astronomical Society (AAS)
Held in Philadelphia, Pennsylvania on 14 - 19 January, 1991

VLA-PHOENIX OBSERVATIONS OF CORONAL ACTIVITY
Robert F. Willson, Kenneth R. Lang and Arnold O. Benz

The Very Large Array and the PHOENIX Digital Radio Spectrometer were used to observe solar
active regions at 20 and 91 cm wavelength on three consecutive days in July 1990. The high spatial
resolution of the VLA was used to resolve different components of solar noise storms, decimetric
bursts and Type III bursts, while the high temporal and spectral resolution of the PHOENIX pro-
vided measurements of the drift rate and bandwidth of these events. The structure of one intense
burst, associated with an M3-class soft X-ray event, showed striking variations in time, frequency
and space, suggesting complex motions and interactions of coronal structures at different locations
above the flaring active region. The results of correlative studies with other flare-related and slowly-
:laryiélg phen(fmena, such as Ha brightenings, filament eruptions and magnetic field changes are
so discussed.

U. Twenty-first Meeting of the American Astronomical Society (AAS)

Solar Physics Division
Held in Huntsville, Alabama on April 12, 1991

VLA OBSERVATIONS DURING THE ESP MAX 91 CAMPAIGN
By Robert F. Willson and Kenneth R. Lang

We discuss preliminary results of VLA observations made during the Max 91 Campaign in January
1991. On January 4, active region AR 6432 was observed during an eight hour period at 2, 3.5 and
6.1 cm wavelength. No significant burst activity was detected, but high resolution maps of total
intensity and circular polarization were obtained at all three wavelengths. Snapshot maps reveal
slowly-varying emission that may be attributed to evolution of magnetic fields in the underlying
active region.
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On January 11, full-disk 3.3 second images at 20.7 and 91.6 cm were obtained over a six hour
period. Several 20.7 cm bursts were detected in association with soft X-ray and Ha flares. Other
impulsive, possibly decimetric Type III-like events were observed without obvious X-ray counter-
parts. Type I noise storm activity at 91.6 cm was observed in association with the most intense 20
cm burst, while groups of isolated bursts were observed at other times from different active regions.
Comparisons with simultaneous high time resolution Ha images and OVRO multiwavelength radio
data will also be discussed.

V. Paper Presented at the 2nd Gamma Ray Observatory Science Workshop

W.

Held in Annapolis, Maryland on 23-25 September 1991
VLA, PHOENIX AND BATSE OBSERVATIONS OF AN X1 FLARE
By Robert F. Willson, Markus J. Aschwanden and Arnold O. Benz

We present nhservations cf an X1 dzre detected simnuitanevus with the Very Large Array, the
PHOENIX Digital Radio Spectrometer and the Burst and Transient Source Experiment (BATSE)
aboard the Gamma Ray Observatory (GRO). The VLA was used to produce snapshot maps of the
impulsive burst emission on timescales of 1.7 seconds at both 20 and 91 cm. Our results indicate
electron acceleration in the higher corona several minutes before the onset of the hard X-ray burst
detected by BATSE. Comparisons with high spectral (Av = 3 MHz) and temporal (At = 40 ms)
observations by PHOENIX reveal a variety of radio bursts at 20 cm, such as type III bursts, in-
termediate drift bursts, and quasi-periodic pulsations during different stages of the X1 flare. From
the drift rates of these radio bursts we derive information on local density scale heights, the speed
of the radio exciters, and the local magnetic field. Radio emission at 90 cm shows a type IV burst
moving outward with a constant velocity of 240 km/sec.

Paper Presented at the Tata Institute of Fundamental Research
Poone, India on 5 December 1991

RADIO EMISSION FROM SINGLE STARS - THE SUN
By Kenneth R. Lang

Recent Very Large Array (VLA) observations of the Sun are reviewed. suggesting several potential
research topics with the Giant Metre-Wave radio Telescope (GMRT). Quiescent solar radio emission
has been fully resolved with the VLA, and related to coronal loops (21 cm), filaments (91 cm) and
macrospicules (6 cm). Solar flares are also resolved at 21 cm, showing that the precursor, impulsive
and decay phases originate in nearby but spatially separate sources. Large-scale, transequatorial
loops (91 cm) act as a magnetic conduit for triggering flares in widely separated active regions.
Manned missions to Mars require advance warning of potentially-lethal energetic particles from the
Sun; solar flare precursors at radio wavelengths are discussed in this context.

X. Paper Presented at the Tata Institute of Fundamental Research

Poone, India on 6 December 1992
RADIO EMISSION FROM SINGLE STARS - FLARE STARS
Kenneth R. Lang

Perhaps one fourth of the stars in our Galaxy are dMe flare stars that produce energetic outbursts
far more powerful than those on the Sun. Long-duration, narrow-band radio emission from flare
stars is unlike anything observed on the Sun, and requires a coherent radiation mechanism. Rapid
temporal variations in the radio emission indicate emitting sizes much smaller than the stars, and
brightness temperatures in excess of a million billion (10'® K) degrees. Narrow-band and broad
band frequency structure is discussed, as are positive and negative frequency drifts of the radio
emission from flare stars. We also review recent VLBI observations of these ubiquitous stars.
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Y. Paper presented at the Tata Institute of Fundamental Research
Poone, India on 12 December, 1991

RADIO EMISSION FROM INTERACTING BINARY STAR SYSTEMS
Kenneth R. Lang

We review the properties of interacting binary stars such as the RS Canum Venaticorum (RS CVn)
stars, cataclysmic binaries, and compact X-ray sources. Rapid rotation of tidally-locked RS CVn
stars probably results in enhanced activity at optical, radio and X-ray wavelengths. The two radio
stars can be resolved. Radio emission from classical novae is briefly reviewed, while that of galactic
powerhouses such as Cygnus X-3 and SS 433 is discussed in greater detail.
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III. SUCCESSFUL PROPOSALS FOR SOLAR OBSERVATIONS WITH THE VERY

Al.

LARGE ARRAY FROM 1988 To 1991 INCLUSIVE

Z. VLA Proposal 7 October 1988

VLA OBSERVATIONS OF CORONAL LOOPS AT 20 cm AND 90 cm WAVELENGTH
Kenneth R. Lang and Robert F. Willson

ABSTRACT:

VLA observations of coronal loops within active regions will be used to specify their temperature
and magnetic structure, as well as magnetic reconnection processes that release explosive bursts
near the tops of these coronal loops. The physical properties of quiescent active region loops may
be inferred from comparisons with simultaneous observations of soft X-ray spectral lines. Simulta-
neous 90 cm observations will specify large-scale magnetic structures, providing unique information
about the initiation mechanisms of coronal mass ejections, solar noise storms and decimetric bursts.
The proposed observations may also lead to new insights about coronal holes.

VLA Proposal 7 October 1988

SIMULTANEOUS VLA-NANCAY OBSERVATIONS OF SOLAR RADIO BURSTS
Kenneth R. Lang, Robert F. Willson, Gerard Trottet and Alain Kerdraon
ABSTRACT:

We propose simultaneous observations of solar radio bursts at 90 cm wavelength with the VLA
and the Nancay Radioheliograph for the 3 hours of common visibility every 3 days (total of 30
hours). The combined data will provide observations with hitherto-unavailable resolution in space
(VLA) and time (NANCAY). Dynamic spectra will also be obtained over a broad frequency range
(Nancay) and a relatively narrow one (VLA). We will study the spatial, temporal and spectral
prO{)erties of Type I and Type III bursts during a period of increased activity in the 11- year solar
cycle.

A2. VLA Proposal 20 January 1989

HIGH RESOLUTION VLA-NANCAY OBSERVATIONS OF SOLAR ACTIVITY
Kenneth R. Lang, Robert F. Willson, Gerard Trottet and Alain Kerdraon
ABSTRACT:

We propose simultaneous otservations of the Sun at 90 cm wavelength with the VLA and the
Nancay radio heliograph during the three hours of common visibility every three days during a
three week period in June or July. Solar noise storms and solar radio bursts will be resolved with
good angular resolution and high time resolution with the same bandwidth and center frequency.
Additional spectral information will be obtained at 20 cm (VLA) and 180 cm (Nancay), and si-
multaneous Ha observations and photospheric magnetograms will be arranged (Meudon and Big
Bear). This will continue a study of the spatial, temporal and spectral properties of noise storm
continua, Type I bursts and Type III bursts during a period of increasing solar activity.

A3. VLA Proposal 20 January 1989

THE FINAL SMM-VLA COLLABORATION
Kenneth R. Lang and Robert F. Willson
ABSTRACT:
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We propose simultaneous VLA and SMM observations of flaring coronal loops during a time of

PY increased solar activity. Coronal loops will be studied on the small scale within individual active
regions (VLA: 20 cm; SMM soft and hard X-rays) during the preflare, impulsive and postflare
stages, thereby obtaining physical parameters, determining radiation mechanisms and testing the-
oretical models. VLA observations at 90 cm may detect coronal disturbances related to coronal
mass ejections and impulsive flares.

A4. VLA Proposal 30 May 1989

® MULTIPLE WAVELENGTH OBSERVATIONS OF THE SOLAR TRANSITION REGION
Kenneth R. Lang and Robert F. Willson
ABSTRACT:
Recent VLA observations of the Sun have shown the presence of compact variab