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This report summarizes research on solar activity over an almost three-year 
period from January 1, 1979, till the end of June 1981. In preparing this report 
we respected the advice of the I.A.U. Executive Committee to cover the highlights 
of work carried out in the field of solar physics relevant to our Commission, and 
avoiding double work. Only a limited space was made available for our Commission. 
Given this restraint we tried to produce a comprehensive review. With great pleasure 
I appreciate the excellent cooperation of the members of our Executive Committee 
in the preparation of this report. 

During the period covered by the present report numerous solar international 
symposia, colloquia and workshops, as well as several world-wide solar observation 
campaigns demonstrated the growing importance of the solar activity phenomena for 
understanding of many astrophysical problems. At the XVIIth General Assembly of our 
I.A.U. in Montreal, the Joint Discussions have demonstrated that the majority of 
stars in our Galaxy have not only their chromosphere, the transient regions and 
coronae, but that they also lose their mass due to stellar winds. Recently, for 
example, during the Second University College London Astronomy Colloquium on "Solar 
and Stellar Magnetism and Rotation" held in the Cumberland Lodge, Windsor, it has 
been shown that most of these stars produce magnetic fields responsible for their 
stellar activities and correlated with their rotational velocities - practically of 
the same type like the solar one. To give an example - the results reported by 
R. W. Noys indicate that stellar active regions sometimes grow or decay over time-
periods of weeks to months. For some stars, active longitudes tend to persist over 
remarkably long periods. These persistently active longitudes are sometimes ac
companied by episodes of a more short-lived activity at totally different longitudes 
etc. 

For all these reasons we believe that the reviews presented below may be of 
interest not only for solar physicists alone. 

1. THEORY OF SOLAR CYCLE 
lH. Yoshimura) 

The ultimate goal for a theory of the solar cycle would be to construct a 
model that reproduces and predicts every detail of various characteristics of the 
solar cycle. The model may be in form of a set of equations and its solutions or in 
form of a computer code. Once such a model is constructed, it must be able to de
scribe time-varying stellar magnetic activities similar to the solar cycle by hand
ling a 3et of parameters that characterizes a particular star. Present status of 
our knowledge of the solar cycle is far from this goal. To near this goal, however, 
basic mechanisms that drive the machinery of the solar cycle are being elucidated 
one by one and important concepts are being built up. During the three years period 
reported here, active endeavors have been done along several fronts with different 
kinds of approximations and simplifications. The concepts developed for the solar 
cycle are now being applied to understanding of stellar variability (Belvedere et 
al.AA 88, 240; 91, 328; Stix.GAFD, in press; Durney et al, PASP, in press; Durney 
and Robinson, Ap J, in press; Robinson and Durney, preprint). Several good mono
graphs related to the problem were published in the period (Krause and Radler, 
Mean-Field Magnetohydrodynamics and Dynamic Theory, Pergamon Press; Moffatt, Mag
netic Field Generation in Electrically Conducting Fluids. Cambridge Univ. Press; 
Parker, Cosmical Magnetic Fields, Clarendon Press). Various reviews related to 
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theory of solar cycle appeared in the symposia held in the period on the same and 
related subjects. 

In order to understand the diversity of the various opinions and approaches 
to the problem, we must keep in mind that degree of advancement of one approach, 
and understanding of the phenomena of a researcher involved in the approach, can be 
considerably different. A theory, however, which might be regarded as too primitive 
at its present stage of development, might provide some important concepts to the 
major advancement of understanding of the solar cycle. 

A model of the solar cycle must be derived from first principles of physics 
with given mass, chemical composition, and angular momentum distributions of the 
proto-Sun. This task is formidable and almost impossible at present since we must 
trace every detail of motions of various particles and fields. In these circum
stances, we start from averaging the basic equations that describe the first prin
ciples of physics. Averaging the equations over some macro-space and time Iconti-
nuum approximations), we get equations of magnetohydrodynamics (MHD) with molecular 
viscosity and diffusivity. Since considerably hierarchy of scales exists in struc
ture and behaviour of flows and fields of the Sun, we need further averaging pro
cess to smooth out effects of flows and fields whose scales are smaller than those 
we have in mind. The concept of mean magnetohydrodynamics IMMHD) has emerged in 
such an averaging process. In these conceptional manipulating procedures, we like 
to believe that there exists another kind of basic principles that govern macro or 
global dynamics of the Sun and of any other physical systems. Thus we go in quest 
of the new kind of basic principles. This is especially important when we study 
nonlinear self-organization of various kinds of physical systems. The solar cycle 
with its long-term behaviour is now regarded as one of such nonlinear systems. 

One front of theoretical research that demonstrates ability to reproduce and 
predicts various characteristics of the solar cycle to a considerable degree are 
the d- or dynamo theories. These theories take the standpoint that the magnetic 
field responsible for the solar cycle is generated by MHD dynamo driven by flows 
of differential rotation and helical convection. The latter is a conceptional name 
which represents convection that lacks symmetry with respect to the rotational axis. 
The theories have been treated by MMHD. The basic question we now have is what kinds 
of convection inside the Sun actually correspond to the helical convection. One 
class of theories treats it as turbulent convection assuming that granulation and/or 
supergranulation correspond to it. This class of turbulent dynamo theories has been 
criticized by Piddington U p J 247, 293) and Layzer et al U p J 229, 1126) mainly 
on two reasons. First, physical mechanisms of turbulent diffusion in terms of mo
lecular diffusion are not well established. Second, the turbulence and the magnetic 
flux ropes observed on the Sun are roughly of equal size; MHD interactions between 
such fluid motions and magnetic fields are highly nonlinear and it is not straight
forward to see whether or not the approximations adopted in the formulation of the 
theories are valid for the case of the Sun. Also, it is not clear whether the tur
bulence works as a dynamo or aa a diffusive medium (Meneguzzi et al, preprint, sub
mitted to PRL). Observations of dispersal of global scale magnetic features in 
1960 s have suggested that granulation and supergranulation work as diffusion media 
over a long time scale. The other class of theories regards the global convection 
as the helical convection responsible for the dynamo. Long-term efforts have been 
made to detect its velocity fields on the Sun directly by Doppler effects but nobody 
has succeeded yet ILaBonte and Howard, SID, 21; Howard and LaBonte, Ap J 239, 738; 
Gilman and Glatzmaier, Ap J 241. 793; LaBonte et al, preprint). The question we have 
is whether it exists only in the deep part of the convection zone; no suitable meth
od is devised yet though it penetrates to the surface and is observable in principle 
(Stix, AA 93, 339). A subgroup of this class treats the problem by an MMHD procedure 
averaging MHD, over longitude and over a time scale long enough to smooth out the 
effects of individual features rotating with the Sun. The dynamo equations obtained 
by this procedure are similar to those of the turbulent «<-«rdynamos or even to 
those of the phenomenological Babcock-Leighton model. This subgroup can bypass the 
criticism against the turbulent * -ordynamos to some degree. The flows of the dif
ferential rotation and the global convection are large enough to carry the individual 
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magnetic flux ropes observed on the surface as if they represent conceptional in
dividual magnetic field lines. However, turbulent diffusion is necessary to under
stand the coherent hebaviour of the overall magnetic 3ystem demonstrated by the 
Butterfly Diagrams and Hale s polarity rules of sunspots. Surprisingly, the ô  -W 
dynamos equations either formulated by the turbulence theories or by the global 
convection theories can reproduce various characteristics of the observed solar 
cycle ta an impressive degree. This suggests that the dynamo equations have captured 
basic processes of the solar cycle and can be a milestone to approach the goal of 
finding a new kind of basic principles that govern the solar cycle. 

Major observational aspects of the solar cycle that were studied by the equa
tions during the reported period are the following! (i) Long-term behaviours of 
the solar cycle with its hypothetical 80-year modulation and other longer time-
-scale modulations with prolonged eras of low state of activity like Maunder Mini
mum were interpreted for the first time as intrinsic properties of a nonlinear 
system of magnetic oscillations of the solar cyclei A new period amplitude relation 
of the solar cycle was predicted by the theory and verified by an analysis of the 
sunspot relative number curve (Koshimura, Ap J 226, 706; 227, 1047). However, the 
remarkable degree of stability of the phase of solar cycle oscillations suggests 
that the hypothetical chronometer of Dicke (N 276, 676; 280, 34; NS 1979, July 12) 
could be provided by the nonlinear oscilating dynamo. The properties of the non
linear oscillations of the solar cycle with its similarity to the geomagnetic re
versals were studied using simpler systems of equations (Brauer, AN 300, 43; 301, 
203; Kleeorin and Ruzmaikin, GAFD 17_, 281; Ruzmaikin, CAp 9, 85; Yoshimura, Ap J 
235. 625; Krause and Roberts, ASR 1, 231). (ii) Torsional oscillations of the Sun 
in close association with the solar cycle (Howard and LaBonte, Ap J 239i 183) were 
interpreted in terms of forced oscillations driven by the solar cycle Lorentz force 
waves Uoshimura, J-FS; Ap J 247, 1102; Schussler, AA 94, L17). The 11-year period 
of the oscillations were regarded as an evidence to exclude the possibility that 
22-year period oscillating meridional circulations might drive the solar cycle 
(Weiss, AS), (iii) It was pointed but that the present formalism of the * -or"dy
namos cannot distinguish between dipole and quadrupolar parities with opposite and 
same polarities in the northern and southern hemispheres (Belvedere et al, AA 86, 
40). This remains a problem for further research. Theoretical efforts to further 
the formalism of the turbulent dynamos were deployed (Walder et al, JFM 96, 207; 
Radler, AN JOl. 102). 

Another subgroup of the « -Vdynamos undertakes large scale projects to si
multaneously solve MHD equations for the flows and magnetic fields associated with 
the differential rotation and the global convection without averaging over longitude 
(Oilman and Miller, Ap J Sup 46, 211; Gilman in WCSSSS, in press; Cuong and Busse, 
PEPI 24_, 272). However, this subgroup has not reached the point yet to be able to 
simulate the solar cycle. In connection with these projects, studies to understand 
the dynamics of the differential rotation and the global convection advanced (Gil-
man and Foukal, Ap J 229, 1179; Gilman, Ap J 231, 284; Gilman and Glatzmaier, Ap J 
Sup 45., 335; Glatzmaier and Gilman, Ap J Sup 45, 351, 381; Geiger and Busse, GAFD, 
in press). Efforts to determine dynamical structure of the differential rotation in 
depth and in latitude with different formalisms also advanced (Durney and Spruit, 
Ap J 2JJ4., 1067; Belvedere et al, GAFD 14, 209; Schmidt, Thesis of Univ. of Frei
burg). No definitive conclusion as to the structure of the differential rotation 
was reached from the studies yet. Also, an effort to solve the dynamics of the 
flows and the fields simultaneously within the context of a turbulent * - ofdynamo 
was undertaken (Schussler, AA 72., 348). These theories also adopt averaging over a 
certain space and time and represent the effects of unresolved flows and magnetic 
fields by turbulent viscosity and diffusion. Thus the theories are a part of MMHD 
although the equations are similar to those of MHD with molecular viscosity and 
diffusivity. 

Among the effects of unresolved features, the dynamical role of magnetic flux 
tubes in the global dynamics is important. After studies of flux tubes (Schussler, 
AA 7JL, 79; 89, 26), Schussler (N 288, 150) proposed a simple model of the solar 
cycle incorporating the role of the flux tubes in the model. He interpreted two of 
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the important observational findings in the reported period in terms of the rise 
time of flux tubes from a fixed layer where the toroidal field is generated and 
carried to the surface; the anticorrelations of appearance of X-ray bright points 
(Golub et al, Ap J 1229, L145), and of brightness variations of sunspots (Maltby 
and Albregtsen, Ap J 1234, L147; Albregtsen and Maltby, SP 71, 269), with the solar 
cycle. Contrary to the interpretation in the model, however, ephemeral magnetic 
regions vary with the solar cycle (Martin and Harvey, SP 64, 93). Similar conjecture 
but with different interpretation based on the dynamo near the bottom of the con
vection zone was proposed by Golub et al (Ap J 243. 309) on the implication of 
X-ray bright points and the role of the magnetic flux ropes. In various different 
models, Ookhale (KOB A 2, 217, 222, 224; Bratenahl and Baum, SID 29; Piddington, 
AUP 32, 671) studied the role of the magnetic flux ropes in the dynamics of the 
solar cycle. 

An important but controversial issue for the theory of solar cycle is the lumi
nosity and its associated radius and temperature variations. Prior to the reported • 
period, the theory of the solar cycle was primarily concerned with the origin and 
evolution of magnetic and velocity fields. Since nonlinear feedback of the generated 
magnetic fields on the convection requires a solar cycle associated modulation of 
thermal structure of the convection zone, it was expected that total heat flux must 
vary with the 11-year solar cycle and/or its 55-year (or 80-year when only amplitude 
is taken into account) cyclej the latter would be more prominent if the former is 
smeared out by convective processes (Yoshimura, Ap J 220, 692; 226, 706). Although 
simple models were investigated using the mixing length theory of convection 
(Sofia et al, SC 204, 1306; Thomas, N 280, 662; Dearborn and Blake, Ap J 23J7, 616; 
Spiegel and Weiss, N 287, 616; Gilliland., N 286, 838), it is not clear yet theoreti
cally how and to what a degree the total heat flux change occurs and how it mani
fests itself as radius, temperature, and luminosity changes. In such circumstances, 
we must rely on observations. Kxtensive observations and analyses were and are now 
being performed for radius (Eddy and Boornazian, BAAS 11, 437; Shapiro, SC 208, 51; 
Wittmann, SP 66, 223; Dunham et al, SC 210, 1243; Dunham et al, BAAS 12, 832; Par
kinson et al, N 288, 548; Candell, BAAS 13, 559; Gilliland, BAAS 13, 553; Ap J 248, 
1144; Howard, preprint), for temperature (Livingston, N 272, 340; White and Li
vingston, Ap J 226, 679; Ap J, in press; Livingston and Holweger, preprint sub
mitted to Ap J) and for luminosity (Foukal and Vernazza, Ap J 234, 707; Willson et 
al, SC 207, 177; Willson et al, SC 211, 700; Willson and Hudson, Ap J 244, L185). 
Especially, Parkinaon et al (N 288, 548) and Gilliland (Ap J 248, 1144) found 
evidence that the solar radius might have undergone an approximately 80-year pe
riodic variation. Further studies are needed to establish facts and the theory of 
solar cycle i3 now entering a new era of development. 

2a. EMPIRICAL ASPECTS OF THE SOLAR CYCLE 
(R. Howard) 

Observational studies of a long series of Doppler velocity data over the solar 
disk (Howard and Labonte AP J L 23_9, L33; SP 74, 131) have shown that the rotation 
rate increases and decreases in latitude zones which drift slowly equatorward. At 
any time there are two pairs of such zones in the northern hemisphere and two pairs 
in the southern hemisphere in symmetric patterns. The zones, which originate near 
the poles, drift to the equator in a period of about 22 years. At any one latitude, 
the period of this torsional oscillation is about 11 years. A fa3t zone originates 
at each pole near the minimum of the solar activity cycle, and a slow zone origina
tes near maximum. The amplitude of this effects is about 3 m s 

Solar activity is centered about the shear zone of this torsional pattern 
between a fast zone and the adjacent slow zone in the poleward direction. This leads 
to the conclusion that the torsional motions are in some way associated with the 
activity cycle. 

The amplitude of the shear shows little or no variation over its 22-year life
time. As the waves move to the equator they become thinner in latitude extent. A 
one-per-hemisphere torsional wave in the rotation rate has also been found. This 
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is not a travelling wave. It has a half-amplitude of about 5 m s~ . The high lati
tudes rotate fastest at solar maximum, and the low latitudes rotate fastest near 
solar minimum. 

A study of the large-scale distribution of magnetic fields and magnetic flux 
over the solar cycle has shown some fundamental properties of the cycle (Howard 
and Labonte SP £4, 131). During the cycle the sunspot latitudes are characterized 
by average magnetic fields of the preceding polarity. Following polarity fields 
from time to time stream poleward to form the polar fields. This poleward flow is 
episodic, not continuous. This streaming motion appears to result from a directed 
flow, not from diffusion. Results from weak fields on the solar surface show 
a similar result except that the predominance of preceding polarity fields at 
activity latitudes is not so pronounced. The polar magnetic fields of the sun have 
reversed polarity - the northern fields changed from positive to negative polarity 
in the spring of 1980, and the southern fields changed from negative to positive 
polarity in the autumn of 1980. 

The total surface magnetic flux of the aun (F = |F | + |F_|) shows remarkably 
little variation from activity minimum to maximum. The variations in solar cycle 
20 was about a factor 2 and in cycle 21, it was a factor 3. 

The flux increase per day is about a factor 10 lower than the measured flux, 
which means that it would require about 10 days to generate the flux we see at 
the surface on any one day. This ratio is relatively constant throughout the 
cycle. This means that magnetic flux disappears from the solar surface at a remark
ably fast rate. 

Practically all the magnetic flux seen on the sun is at the active region lati
tudes (which is where it appears and disappears). The polar fields constitute only 
about 1% of the total surface flux of the sun. 

2b. EMPIHICAL ASPECTS OF THE SOLAH CVCLES 
(M. Kopecky) 

Major attention was paid to solar activity forecasting. The range of these 
problems was a special topic of two significant international events! "Workshop 
on Solar Terrestrial Predictions" in Boulder (STPP) and the "10th Consultation 
of Solar Physicists from Socialist Countries" in Potsdam (PSP 16 and 11). 01 and 
01 (IAN 80, 12, 2569) outline a new approach to solar activity prediction, based 
upon the relationship between yearly mean values of geomagnetic activity in the 
given 11-year cycle and during the next solar cycle maximum. Moreover, these 
problems were dealt with by a number of authors like Simon (SP §i_, 399), Vitinskij 
(SDB 1980, 2, 103 and 4, 104), Lomb and Andersen (MN 190, 723), Meyer (SP 70, 259) 
and others. A series of papers develop methods for prediction of solar activity 
based upon its external conditionality (Vasilyeva et al, STPP 3_, A45, Romanchuk 
VKU 22, 34; 23. (in press)). An evaluation of the reliability of solar activity 
forecast was published by Vitinskij and Rubashev (IGAO 196, 3 )• According to 
Kopecky (BAC 31, 1), at the beginning of the next century a high level of solar 
activity may be expected, with values at 200-300 of the maximum Wolf's relative 
number of 11-year cycles. 

The interest remains centered, however, on the problem of Maunder's minimum. 
The ascertainment by Eddy et al (SP 46_, 3 ), who claimed a higher angular rotation 
velocity at the solar equator in the epoch of Maunder's minimum was questioned by 
Aberbanell and Wifhl (SP 7.01 197). Different aspects of the Maunder's minimum are 
treated by Schove (SP 63, 423), Romanchuk (SDB 1980, 5_, 103), Gleissberg and 
Damboldt (JBAA 89, 440), Siscoe (JGR 81, 6224). The same problems motivated also 
the studies of Clark and Stephenson (QJRAS 19, 387) on an interpretation of the 
pre-telescopic sunspot records from the Orient. 

Iskhanov and Vitinskij (IAN 284, 577) investigated the long-term variations of 
solar rotation for the past three years on the descending branch and in the maximum 
activity phase. At a maximum of the cycle, differential rotation is greatest in 
those cycles, where the maximum is highest, while prior to a minimum, rotation is 
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smaller for those cycles, for which in a subsequent cycle the activity maximum is 
higher. This occurred also during the Maunder minimum period. From the distribution 
of 7000 flares with respect to IMF sector boundaries Levitsky UKA0 62, 148) de
monstrated that in the ascending phase and near the maximum of cycles 19 and 20 
there is a stable concentration of flares at the sector boundaries (-, + ). 

The eighty-year period in short-lived sunspots was investigated by Ringnes 
(RITA 52). Kuklin confirmed (BAC 321 224) the existence of two sunspot group popu
lations and described their behaviour in 80-, 22- and 11-year cycles. 

A number^f studies dealt with various aspects of the 11-year cycle. Latitude 
drift (Sporer s low) of different phenomena was investigated by Chistiakova and 
Chistiakov (MP 1981, 41) and by Brown and Evans (SP 68, 141) who studied also the 
periodicity of the faculae (SP 66, 233). The 11-year cycle in the solar corona and 
solar wind was studied by Rusin et al (SP 61, 301), Waldmeier (SP 701 251), Simon 
(SP 63_, 399), Legrand and Simin (SP 70, 173), Hundhan3en (RGSP 17, 2034) and Trita-
kis (SP §3_, 207 ). Manifestations of the cycle were also found in the variation of 
the sunspot intensity in the spectral region - 0.387 - 2.35 ,um - by Albregtseen and 
Maltby (SP 71, 209), in the far-infrared temperature minimum - Muller et al (AA 87, 
13) and in the solar flux in the far ultraviolet (1175-2100A - by Cook et al JGR 85 
2257). According to Singh and Bappu (SP 71, 101), the calcium network cellular dia
meters appear to be by 5X smaller at the solar maximum compared with the minimum. 
Godoli and Marracconi (SP 64, 247) and Balthasar and Wohl (AA 92, 111) studied the 
changes of the solar differential rotation in the solar cycle in relation to the 
sunspots. See also Proceedings of the Symposium "Study of the solar cycle from 
space" (NASA). 

According to Kopecky et al (BAC 31, 267), the fundamental observational series 
of sunspots (Greenwich, Zurich, Pulkovo ) are not homogeneous if mutually compared; 
the authors point out some inhomogeneities within the series. The same results were 
obtained by Vitinskij (SDB 1979, 3, 96). 

3. ACTIVE REGIONS 
(H. Zirin) 

In the past three years an unprecedented level of observing active regions took 
place in connection with the Solar Maximum Year, Flare Buildup Study and the Solar 
Maximum Mission. Although considerable analynis of these data has taken place, lit
tle of the material has reached the journals. We have developed, through interna
tional cooperation in the study of many of these active regions, a good picture of 
the buildup of stress in various regions through flux emergence and its gradual re
lease through the flare process. 

The proceedings of the Skylab Workshop on active regions, held in 1978-79 
should summarize work in this field up to 1979 but unhappily are still with the 
printer. They will be an important milestone in this field. 

A. Small Scale Fields 

There has been continued interest in the structure of small scale magnetic 
fields but little new data. Although most workers are in agreement on the idea that 
fields are concentrated in knots of strong field evidenced by the filigree network, 
evidence of the actual field strength is still indirect. Tarbell et al (Ap J 229, 
387 ) studied high resolution filter magnetograms and fitted their data with elements 
of average field strength 1200g. covering .085 of the plage area; however their data 
could also be fit on the assumption that their half arc second resolution resolved 
the field structures, which then had average field 280 gauss and covered .36 of the 
area. 

Despite the difficulties of detecting them there has been considerable analysis 
of the possible properties of the tiny flux tubes. Knobloch (Ap J 12.41, W3 ) and 
Knobloch and Rosner (Ap J 247, 311) have discussed the way small scale magnetic 
features are generated by turbulent convection. Knobloch argues that for scales 
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below a cutoff, further concentration cannot take place. It is not obvious how the 
eddied maintain the unipolar character of the network fields. Spruit (SP 61, 363) 
and Spruit and Zweibel ISP 62, 15) analyzed the stability against magnetic buoyancy 
of flux tubes and found these to be stable for beta (ratio of gas to magnetic pres
sure) above 1.8, which means that photospheric tubes with fields above 1350g are 
stable. Stellmacher and Wiehr (AA 75_, 263) analyzed the center to limb variation of 
filigree contrast and found it could be fitted with the Koutchmy-Stellmacher model, 
in which the bright walls of the flux tubes produce the desired effect. Caccin and 
Severino (Ap J 232, 297) arrived at similar conclusions; there are enough free para
meters in these unobservable structures to make good fits possible. Chapman (Ap J 
232, 923) designed a new facular model which supports the "hot wall" picture. 

B. Ephemeral Active Regions 

There has been continued study of the interesting ephemeral regions and their 
relatives, the X-ray bright points. Golub et al lAp J L229, L145) find the number 
of X-ray bright points to vary inversely with the solar cycle, while Martin and 
Harvey (SP 64, 93) found the number of ephemeral regions on magnetograms to vary 
with the cycle. Martin and Harvey found the rise in ER activity to procede the rise 
of the cycle by at least a year; if new cycle ER were separated, their data showed 
the ER essentially matching the rise of the cycle. They found the ER s to generally 
show the correct polarity in equatorial latitudes and what may be called new cycle 
polarity in higher latitudes. The contradiction between the X-ray and magnetographic 
observations appears not to be a threshhold effect; Golub et al (SP 5.3., Ill) found 
at least half the bright points to match ephemeral regions and the discrepancy is 
far too large to be explained by factors of 2. 

These papers do agree that the fraction of flux emerging in ER s is large, far 
greater than that in active regions. Of course this flux is in small dipoles which 
disappear and hence cannot contribute much to the general solar field. Marsh ISP 5_9_, 
105) has argued that bright point flares can provide enhanced diffusion of magnetic 
fields by reconnection and thus play an important role in the cycle. Golub et al 
(Ap J 243, 312) have argued that the ER s must be generated in a subsurface region 
shallower than the source of active regions and be spread into the chromo spheric 
network by the aupergranulation flows. This picture would lead, however, to a bi
polar network, while the observed network is unipolar; in addition films of ER s 
show little if any flow influenced by the network. 

G. General Active Region Studies 

Despite the high level of observing in the last years lor perhaps because of 
it) there has been little published material on classical active regions except for 
analyses of UV data. Baranovsky and Severny (IKAO 60, 99) made a new model based on 
data in the UV lines, especially Ly alpha and beta. They found enhancements of den
sity and temperature of about one order of magnitude relative to the quiet sun 
transition zone. But to explain the Ly alpha and beta intensities they required a 
thin 1^300 meters) hot layer with densities of 10 I exp 13). Baranovsky and Ste-
panyan IIKA0 60, 135) analyzed line intensities in UV and visible in stable plages 
and found, in contrast to growing plages, that intensities at higher levels were 
well correlated with those in lower chromosphere lines IH alpha or Ca K). Levine 
and Pye ISP 66, 39) studied the temperature structure in active regions on the basis 
of Skylab data, deriving differential emission measures for the different regimes. 
They found emission measures of 3 exp 48 cm l-l) and radiative losses of 4 exp 26 
ergs/sec above 100,000 deg. 

Kahler (SP 62, 347) studied the preflare X-ray characteristics of active re
gions and found no evidence for preflare heating; in most cases flares occurred in 
points which were not the brightest in X-ray. Microwave observations 3how the same 
general results the flare source is displaced from the previous source, although 
not very far. 
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D. Microwave Mapping 

Microwave observat ions with high r e so lu t i on radio a r rays are beginning to r e 
veal the magnetic and coronal s t ruc tu re above the ac t ive region; much of t h i s work 
was summarized by Schraahl tRPS, 7 1 ) . In general the r e s u l t s correspond to those from 
X-ray s tud ies by Webb and Z i r i n (SP 69, 99) who found b r igh t coronal loops ending 
in hot spots i n the penumbra or o ther regions of emerging f lux , and tha t the peak 
i n t e n s i t y was always over neu t r a l l i n e s . Radio r e s u l t s (Kundu e t a l AA 82 , 265; 
Lang and Willson RPS, 109) show a s ingle core of emission centered on a neut ra l 
l i n e , with peaks of c i r c u l a r p o l a r i z a t i o n . These authors derive r a t h e r strong f i e ld s 
Up to 900 gauss) i n these such reg ions , much s t ronger than force-free ca l cu l a t i ons . 
Gelfreikh and Bogod (SP 67, 29) by c o n t r a s t , find 40 gauss from p o l a r i z a t i o n mea
sures . S t i l l , the observed radio require the f a i r l y la rge f i e l d s , so there i s a 
problem e i t h e r way. The ac t ive regions are s u f f i c i e n t l y complex tha t i t i s not 
completely sure where the radio sources f a l l . 

The development of high r e so lu t ion microwave ar rays and spectrometers of fers 
hope for the de tec t ion of current sheets and evaluat ion of the importance of gyro-
resonance absorpt ion in the non-f lar ing ac t ive region ^Zheleznyakov and Zlotnick 
RPS, 8 7 ) . 

E . Emergence and Decay 

The process of emergence and decay of a c t i v e r e g i o n f i e l d s i s one which 
deserves more a t t e n t i o n . We know tha t f i e l d emerges through the emergence of 
flux loops marked by arch f i laments . The decay process has been l e s s c lose ly 
f o l l o w e d . Models of the sunspot cyc le have assumed they decay by outward d i f 
f u s i o n of t h e i r f i e l d s , but o p t i c a l o b s e r v e r s have not seen any such behav
i o u r . Howard and Wal lenhors t (SP 1982) observed 25 decaying a c t i v e r e g i o n s a t 
Mt. Wilson and found no i n c r e a s e i n the su r rounding f i e l d r e g i o n s a s they 
dexay; t n e f l u x simply f a d e s away. On the o t h e r hand t h e r e i s a l s o no s ign 
of submergence of the f i e l d , which would be marked by c l o s e approach of 
o p p o s i t e p o l a r i t y t o the n e u t r a l l i n e . I f t h e f l u x were c o n c e n t r a t e d i n smal l 
t u b e s which spread i t would s t i l l be d e t e c t a b l e by the magnetograph. The 
problem i s i n t r i g u i n g . 

F . The Sunspot Energy D e f i c i t 

I t has long been f e l t t h a t the energy which i s suppressed by the sunspot 
phenomenon must escape the sun i n the su r rounding a r e a s ; i n f a c t e a r l y models 
of a c t i v e r e g i o n s used t h i s concep t . S imul taneous data from two o r b i t i n g 
r a d i o m e t e r s on the S o l a r Maximum Miss ion and on Nimbus-7 gave f o r the f i r s t 
time r e l i a b l e da ta on t h e s e e f f e c t s . The r a d i o m e t e r s measure a l l energy o u t 
f lowing wi th h igh a c c u r a c y . Wil lson e t a l (Sc 2 1 1 , 700) and Hickey e t a l 
(EOS 61 , 355) both found tha t small changes i n the so la r constant correspond 
to the sunspot a rea l e s s the con t r ibu t ion from white l i g h t p lages near the 
l i m b . Thus t h e mi s s ing f l u x neve r g e t s out and t h e o r i s t s a r e busy wi th post 
hoc e x p l a n a t i o n s . Our p i c t u r e of t h e convec t ive phenomena u n d e r l y i n g an 
a c t i v e r e g i o n w i l l s u r e l y change . 

4 . SUNSPOTS 
(V. Bumba) 

Major p r o g r e s s dur ing 1979-1981 has been made i n t h e o b s e r v a t i o n s of 
i n d i v i d u a l sunspot f i n e - s t r u c t u r e e lements and t h e i r i n t e r p r e t a t i o n . The 
problem of a s i n g l e l a r g e magnet ic f l u x tube forming t h e sunspot umbrae has 
been r e p l a c e d by the s tudy of a model of a dynamical c l u s t e r i n g of many s e 
p a r a t e f l u x t ubes pushed t o g e t h e r due t o v a r i o u s , but before a l l convec t ive 
f o r c e s . A r e n a i s s a n c e of sunspot s p e c t r a l o b s e r v a t i o n s seems to be seen i n 
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the growing importance of various ground-based as well as space spectro
g r a p h s observations. 

A. Observations of Various fine-»Structure Elements 

In te res t ing r e s u l t s have been obtained in the study of the sunspot br ight 
umbral do t s . I t has been demonstrated by several groups of observers that 
umbral dots v i r t ua l l y cover the umbra, including the darkest regions of large 
spots , where the low contrast of the dot pat tern has h i t he r to hindered i t s 
observations (Loughhead et a l , AA 22-» 128). Each sunspot umbra, regardless 
of umbral s i z e , magnetic f i e ld i n t e n s i t y , darkness, form, age and presence 
of a penumbra has an i den t i ca l i n t e rna l morphological s t ruc ture and the 
character of t h i s i n t e rna l umbral s t ruc ture does not change during the whole 
process of spot development and does not depend on the phase of the so lar 
a c t i v i t y cycle e i t he r (Bumba and Suda, BAC ^L, 101). The area covered by the 
bright fine umbral fea tures t akes , as a r u l e , about 10 - 5% of the t o t a l area 
of the umbra (Abdussamatov, SDB _80_, 99 ) . Even two types of these bright 
features seem to exis t (Sat tarov, MPSA 6Q, 107). The l i fe- t ime of the grea tes t 
part of them i s longer than 30 minutes, some of them l ive for several hours 
(Sat tarov, MPSA £11, 122). 

An extensive discussion concerning the problem of a "morphological simi
l a r i t y " between the umbral fine s t ruc ture and the photospheric granulation 
has been published by the qhoted authors , as well as by Ad^abshirizadeh 
(CR 29_0, 541), Adjabshirizadeh and Koutchmy (AA 89_, 88; AA ^9., I l l ) giving 
ideas about the density of the umbral br ight points d i s t r i b u t i o n s , t h e i r 
s i z e s , contrast value, brightness temperature e t c . 

Sattarov (AZ _5_X, 610) succeeded in finding some new information concern
ing the magnetic f i e ld act ion on magnetic sens i t ive spec t ra l l i nes in the 
dark and bright fine s t ruc ture elements in some sunspot umbrae. He found that 
near the center of the so la r disk the l i ne s Fe I 6303.499 A, Ti I 6064.626 A, 
Cr I 5781.759 A show the doublet Zeeman s p l i t t i n g in the bright umbral dots 
and the t r i p l e t Zeeman s p l i t t i n g in the dark umbral regions . In the dark 
regions the in t ens i ty of the JC -component of the l ine Fe I 6302.499 A i s 
grea ter and in the l ine Cr I 5781.759 A smaller than the i n t e n s i t i e s of t h e i r 
V -components. I t i s shown that the appearance of the strong It -component in 
the edge zone of the umbra may be par t ly due to the b lurr ing e f fec t . 

Some theore t i ca l i n t e rp re t a t ions have been given by Obridko (SDB T%_, 101) 
who demonstrates tha t the proper t ies of bright umbral elements are not in 
agreement with the cha rac t e r i s t i c s of a free osc i l l a to ry convection. Instead 
of i t a new mechanism of forced osc i l l a to ry convection i s suggested. This 
idea seems not to be f a r from the Parker ' s conception (Ap J 234, 333), follow
ing which the subsurface magnetic f i e l d of a sunspot s p l i t s into many separate 
flux tubes , with f i e ld - f ree gass between. The f i e ld - f ree columns occasionally 
punch t h e i r way up through the overlying magnetic f i e l d to the surface, where 
they appear as the b r igh t , f i e ld - f ree umbral do ts . 

The fine s t ructure of l igh t bridges in sunsports has been studied by 
Miiller (SP _61, 297) on high resolut ion photographs, obtained at the Pic-du-
-Midi Observatory, and an attempt to estimate t h e i r types following t h e i r 
morphological de t a i l s in umbra, penumbra and photosphere has been made. A 
very detai led descript ion of two types of sunspot l igh t -br idges evolution in 
the large August 1972 sunspot group and t h e i r dependence on the magnetic 
f i e ld polar i ty d i s t r ibu t ion i s given by Bumba and Hejna (BAC y\_, 257): the 
normal photosphere-like l igh t bridges formed from chains of bright granules 
separate the umbrae or t h e i r parts of the same sign of magnetic f i e l d po
l a r i t y ; the l ight bridges formed from elongated penumbral-like f i b r i l s are 
closely re la ted to the boundary between the two opposite po lar i ty f i e l d s . 

Zi r in and Moore (SP _67_, 79) found a new morphological feature associated 
with the outer edge of the penumbra of a small spot in a large complex spot 
group; a small continuum bright po in t . They ca l l i t "penumbra-periphery bright 
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point". 
Parfinenko (SDB 80_, 85) studied the structure of light rings around sun-

spots using high-quality stratospheric and ground based sunspot observations 
and a new TV method. He claims that the outer light ring is formed by a 
relative clustering of bright photospheric granules bordering with the sun-
spot penumbra and that the inner light ring is formed by the ends of light 
fibrils of the penumbra. In his view these light rings are observed in all 
developed sunspots. 

Grossmann-Doerth and Schmidt (AA _̂5_, 366) analysed a series of "white 
light" images of sunspots taken under very good seeing conditions at Izana 
(Tenerife) to derive the brightness distribution of sunspot penumbrae. 

B. Spectral Observations 

From observations of the French (l.P.S.P.) experiment on board 0S0-8 of 
a sunspot and nearby plage region it was estimated (Kneer et al, SP _69_, 289) 
that the behaviour of the emission cores of the Ca II H and K and Mg II h 
and k resonance lines is very similar and the correspondence in the intensity 
between the four lines persists in quiet Sun, umbra, penumbra and plage. The 
relation between the Ca and Mg emission is slightly non-linearj this must be 
attributed to a different response of Ca and Mg to atmospheric structure. 
Umbral profiles show no self-reversals but asymmetries from which the authors 
infer the presence of velocities, either oscillatory or stationary, with 
amplitudes of about 5 km s~ . The Lg( emission above sunspots lacks corre
lation with both Ca or H^ emission. The Lj( profile directly above the umbra 
was found narrower and of higher intensity than in the quiet chromosphere. 
The electron density in the L^ forming layer and temperature was estimated. 

Kollatschny et al (AA _86_, 245) demonstrate that the wings of the in
frared Ca II lines depend in upper atmospheric layers sensitively on the 
temperature gradient but not essentially on the absolute value of temperature. 
It was observed that these lines remain almost unchanged from photosphere to 
umbra and are thus sensitive to parasitic light. It is shown that the con
flict between the model calculations and the observed lines may be removed 
by adopting an opacity enhancement as introduced by Zwaan in 1974. 

Firstova (AZ _57_, 666) shows that the ratio of maximum intensities of 
the H and K Ca II lines between "quiet" portions of an umbra and umbral 
flashes is practically equal which may indicate a possible equality of the 
optical thickness in both umbral features. 

Observations with an out-eclipse coronagraph and an image tube confirm 
the presence of the enhanced He I 10830 A line in the sunspot umbra spectrum. 
A qualitative difference between the profile of this line in the umbral spec
trum and a plage spectrum has been found (Borodina and Papushev, PAZ J>, 620). 

The umbral brightness temperature has been determined from observations 
by Sitnik (SDB 80, 99) for the spectral range of 4800-21000 A. The author 
estimated that in this spectral interval the continuous absorption due to 
the existence of H really dominates in the umbra, but is smaller than in 
the photosphere. For shorter wavelengths a new continuous absorption agent 
exists. It causes increase of additional opacity with decreasing temperature. 

Several new identifications of molecular lines in the EOT spectrum of 
sunspots were reported, as for example emission lines of the CO (Jordan et 
al,MN 1871 473), and new molecular hydrogen lines representing fluorescence 
from the Werner bands, found for the first time in the solar atmosphere 
(Bartos et al, MN 187, 463). An analysis of 147 pure TiO lines in a high 
resolution sunspot umbra spectrum suggests that coherent scattering is more 
likely than 1TE for the formation process of the studied lines (Boyer, AA 
Sup _40_, 277). The presence of several molecular absorption band systems 
(mostly in UV) umbral spectra had been examined: 0. (Joshi et al, SP _63_, 79), 
MgO (Murty SP _63_, 83), SiO (Joshi et al, SP _6_2_, 777. It has been shown that 
bound-bound opacity due to electronic transitions of molecules CH, CaH, MgH 
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and TiO explains in a first approximation the line haze opacity postulated 
by Zwaan for the near infrared umbral spectrum (Gaur et al, SP _62_, 83). In 
the same wave-length region the molecular opacity seems to dominate the 
opacity due to the negative hydrogen ion (Joshi et al, SP _6_4_, 255) in the 
higher layers of the umbral atmosphere. The *f - 5. IR system of the CrH 
molecule has been identified in the spectrum of a large sunspot (Engvold et 
al, AA Sup _42, 209). 

The relation between the pressure and content of molecules in sunspots 
has been calculated using the LTE solution of the dissociative equilibrium 
equation for a set of sunspot models (Stefanov, VKU _22_, 39). 

C. Magnetic Fields 

Only few new observations concerning the sunspot magnetic fields were 
published. Ye et al (AAS .20., 275) devoted their paper to the method of de
termining the gradient of magnetic field using the asymmetry of the profiles 
and the rotation of the wings of Zeeman components, Gurman and House (SP 71, 
5) used observations of a round, unipolar sunspot in the Fe I 6302.5 line 
with the HAO Stokes Polarimeter to derive the vector magnetic field in the 
sunspot. They also demonstrated oscillations of the umbral field magnitude 
at a period of 180 s. Landi Degl'innoventi (SP _6_2, 237) interpreted linearly 
polarized intensity distributions observed in sunspots with the Marshall 
Space Flight Center's vector magnetograph taking into account magneto-optical 
effects. It is shown that these effects can be responsible for the observed 
spiral configuration in the pattern of linear polarization, even if a purely 
radial, oonvectional sunspot model is used! 

Makita (PASJ £L, 575) developed a method applying the theoretical solution 
of the radiative transfer problem with the magnetic field to the observed 
Zeeman line profile. The assumptions of a pure-absorption atmosphere and of 
no magneto-optical effect allow a model-free determination of the magnetic 
field averaged along the optical depth. The method is applied to a penumbral 
spectrum. Similar problems of radiation transfer through a model sunspot 
under a variety of conditions for a ray emerging from a typical penumbral 
point are solved by Landman and Finn (SP _6,3.,221). The first phases of the 
sunspot magnetic fields formation were studied by Bumba (BAC ,32., 129). 

D. Motions 

Stellmacher and Wiehr ?AA .82., 157) attempted to derive a model of the 
veloci ty f i e l d of a sunspot penumbra from both s p a t i a l l y unresolved and 
resolved spec t ra . The prof i les of l ines with small Zeeman s p l i t t i n g were 
observed by them in penumbrae at various he l iocen t r i c angles 9 . Spa t ia l ly 
unresolved spectra show decreasing s h i f t s of the l ine cores and increasing 
l ine asymmetries with he igh t . I t was shown that a decomposition of the 
asymmetric prof i les in to a main component and a s a t e l l i t e yielded contra
dictory r e s u l t s when considering the depth dependence and the center-to-l imb 
var ia t ion of different l i n e s . Conflicting veloci ty gradients were deduced 
from the l ine asymmetries and the core s h i f t s . The l ines Ti I 5222.7 and 
Fe I I 5264.8 were observed in a sunspot penumbra et cos 6 = 0.7 with a 
spa t i a l resolut ion of about 2.5 arc s . I t was found that the l ine widths, 
residual i n t e n s i t i e s and asymmetries in bright as well as in dark spec t ra l 
s t reaks increased with increasing l ine s h i f t , although in br ight regions the 
prof i les were l e s s shif ted and more asymmetric. Some model calculat ions were 
made. 

Surkov and Surkova (AC 1058,3) inves t iga ted the sunspot prof i les of the 
non-magneto-active l ine Fe I 5576.10 A; they seemed to succeed in explaining 
some observed de ta i l s of the l ine prof i le as a resu l t of the large local 
motions. 

Shibata (SP _6£, 61) explains the repeatedly observed strong downdrafts 
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in photospheric lines of young sunspot and pores as due to the sliding matter 
along the rising magnetic flux tubes. Abdussamatov (SDB _7_9_, 93 and SP _6_5_, 197) 
found that the Evershed flow observed in the lines Fe I 6302.5 A and in the 
H^ was almost parallel to the solar surface. Baranov and Lazareva (SDB 79. 
96) demonstrated that in the largest part of the sunspot umbrae of the group 
studied by them during the whole period ofobservations the downward motion 
of matter with a mean velocity of 0.2 km s was observed. 

Rassulov (SDB JE3, 74) in his study of the velocity field in the H^ chro
mosphere above a sunspot shows that these motions are complicated and that 
the inflow of the material into the spot prevails and the measured velocities 
may be found mainly inside the plage. Obridko (SDB 79, 96) demonstrated that 
the existence of an insulating boundary shell around the sunspot umbra, pro
tecting it from the overheating, required an upward flow of the matter along 
this shell which would be afterwards transformed into the Evershed motion. 

E. Umbral Models 

Baranovsky and Stepanyan (IKAO 62_, 125) derived empirical models for 20 
sunspot umbrae using the wings of the K Ca II and D_ Na I lines. Five of these 
models represented the development of one spot during the period of 8 days. 
It was found in this developing spot that at first the temperature changed 
scarcely, but the density decreased; after that both the temperature and the 
density increased. The density changes reached nearly the value of one order. 
In general, the large dark spots revealed a tendency to a lower density. 

Umbral models with enhanced continuum opacity were studied by Stellmacher 
and Wiehr (AA %%., 229). Clark (SP _62, 305) investigated simple thermal models 
of sunspots based on the concept of partial inhibition convection by strong 
magnetic fields. Two specific results of his study might be mentioned: deep 
spots should produce weak bright rings in the surrounding atmosphere, whereas 
shallow spots should produce intense rings which would be difficult to re
concile with observations. Only a surface layer of a spot, with thickness of 
the order of the temperature scale height, was cool. 

Parker published an extended series of papers called Sunspots and the 
Physics of Magnetic Flux Tubes. In the first paper (Ap J 230. 905) he re
viewed the current state of the sunspots theory and concluded that a single 
large magnetic flux tube could not have the properties exhibited by a sunspot. 
In his new model the sunspot appears as a dynamical clustering of many se
parate flux tubes, pressed together to form a single flux tube at the visible 
solar surface, but othervise distinct and separate within the interior of the 
Sun. In the following paper (Ap J 230, 914) he studied the aerodynamic drag 
on a slender flux tube stretched vertically across a convective cell, which 
might push the flux tube into the updrafts or into the downdrafts, depending 
on the density stratification and the asymmetry of the convecting fluid mo
tions. To account for the observed strong cohesion of the cluster bf flux . 
tubes that make up a sunspot, he proposes a downdraft of the order 2 km s 
through the cluster of separate tubes beneath the sunspot. He also investi
gated the aerodynamic lift on a rigid circular cylinder in a nonuniform free 
stream and applied the obtained results to the motion of flux tubes in the 
Sun (Ap J 231, 250). The calculations of Tsinganos (Ap J 231. 260) established 
that a long circular cylinder immersed in a convective flow pattern in an 
ideal fluid is pushed out of the upwellings and the downdrafts of the convect
ive cell into a location midway between them. Parker also demonstrated (Ap J 
231, 270) that parallel tubes in a uniform flow are attrached or repelled 
depending on whether they are side by side or one ahead of the other, respect
ively. A pulsating or undulating tube attracts all other neighbouring tubes 
toward itself. He also showed.(Ap J 232, 282) that a cylinder moving in an 
ideal fluid was subject to convective instability and propelled forward in 
its motion by the convective forces* this convective propulsion acting on 
magnetic flux tubes in the solar convective zone was comparable to the forces 
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of magnetic buoyancy, aerodynamic lift and drag exerted on the tube. 
In its seventh paper of the series (Ap J 232, 291) Parker found that the 

downdraft postulated to operate beneath the sunspot to account for the gather
ing of flux tubes to form the spot, would be sufficient to reduce the heat 
flux to values comparable to those observed in sunspot umbrae. Moreover, the 
overstability in a magnetic field in a downdraft (Parker, Ap J 233. 1005) as 
well as the hydrodynamic instability of the buoyant fields (Tsinganos, Ap J 
239. 746) were considered. 

Low (SP _67_, 57) described a method for generating exact solutions of 
magnetostatic equilibrium describing a cylindrically symmetric magnetic flux 
tube oriented vertically in a stratified medium. 

F. Energy Transport and Oscillations 

Hew measurements of the radiative flux deficit of two large sunspots, 
based on detailed isophotometric maps, were., presented by Bray_(SP _69_, 3i • The 
umbral and penumbral deficits were 4-5 x 10 and 1-1.5 x 10 erg cm s 
respectively. Over limited areas centered on the umbral cores the deficits 
amount to 76 and 80% of the photospheric flux. Albregtsen and Maltby (SP 71, 
269) found significant intensity differences between umbrae of large sunspots, 
which might be explained by a systematic variation in the umbral temperature 
throughout the solar cycle. At the same time no center-limb variation in the 
umbra-photosphere intensity ratio was detected. Both authors (Ap J L23_4, 
1147) presented an evidence for a possible link between the infrared inten
sity of large sunspots and the occurrence of X-ray bright points. This might 
indicate a more general reason of the found regularities. 

Margolis and Knobloch (MN 193. 345) solved the equation of heat transport 
for the case of a cylinder with a given thermal conductivity imbedded in an 
otherwise uniform medium with different conductivity. Obridko (AZ j?6_, 67) tried 
to introduce a new two-component model of the atmosphere above the sunspot to 
get an agreement of the optical, radio, UV and X-ray observations above the 
sunspots. 

Nye and Hollweg (SP _68_, 279) considered the propagation of Alfven waves in 
a simple model of a sunspot. They find that the observations of non-thermal 
motions near the temperature minimum and in the corona are both consistent 
with an upward-propagating Alfven energy flux density of a few times 10 erg 
cm s , which is too small to cool the sunspot, but is large enough to supply 
the energy requirements of the transition region and corona above a sunspot.. 
Mullan (SP J0_, 311) proposes that Alfven waves may contribute significantly 
to prolonged energization of proton-flares in which umbral coverage occurs, 
due to the readier access of umbral Alfven waves into the corona above the 
sunspots because of the lowering of the transition region between the chromo
sphere and corona in the umbral flux tubes, Zhukov (SDB J9_, 83) studied the 
excitation of gravitational waves by Alfven waves in which the observed rapid 
decrease of Alfven waves flux with the height over the sunspot may be associ
ated with the transformation of a part of Alfven waves energy into the gra
vitational waves energy. 

Schener and Thomas (SP 2i> 2^) identified the umbral oscillations as a 
resonant response of the umbral atmosphere to forcing by oscillatory convection 
in the photosphere. From a numerical solution of the full, linearized equations 
for magnetoatmospheric waves in a detailed model of the umbral atmosphere 
several new features of the motion follow. Antia and Chitre (SP 63. 67) 
examined the magnetoacoustic modes excited in a thermally conducting poly-
tropic fluid layer in the presence of a vertical magnetic field with a view 
to classify them by means of phase diagrams. 

Teplitskaya et al (PAZ _6, 46) discussed the spectroscopic observations of 
radial velocity and brightness oscillations in the sunspot chromosphere, 
Zhugschda and Locaus (PAZ J., 44) considered a model of 180 s. oscillations 
in the chromosphere above the sunspots to determine its temperature gradient 
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as well as the temperature and effective thickness of the temperature minimum 
from- observed periods of oscillations. 

G. Radio Emission 

A model for sunspot associated radio emission at 6 cm wavelength has 
been constructed by Alissandrakis et al (AA ̂ 82_, 30). The calculations are 
in good agreement with the high resolution observations of the same sunspot 
region at 6 cm, made with the Westerbork Synthesis Radio Telescope. Compari
son of the 6 cm total intensity map with D_ , H and K Ca II spectroheliograms 
shows that the maxima of the 6 cm emission correspond to the location of 
sunspots (Erskine et al, AA _83_, 256). 

It has been demonstrated at the Crimea Observatory (Dommin et al, IKAO 
62, 176) that the degree of left- and right-handed polarization of S-component 
sources related to the sunspots ahow dependence on the strengths of the 
appropriate spots magnetic fields. 

In papers by Akhmedova and Rybakov (SDB _80, 85), Gelfreikh and lubyshev 
(AZ _5_6_, 562) new sources models for cyclotron radiation above sunspots have 
been constructed. 

5. PROMINENCES 
(0. Engvold) 

I. Introduction 

The proceedings from the IAU Colloquium No 44 (PSP) contain comprehen
sive reviews of prominence research. Important publications on the physics of 
active (flare associated) prominences are included in the SF, Chapter 7, 
by Rust et al and in the SID. 

New observational and theoretical studies have addressed the familiar 
questions about the magnetic field configuration which must accommodate pro
minence formation and the subsequent provision for support and heat shield. 
Classical magnetostatic models in thermal equilibrium have been elaborated. 
Simplified dynamical models for quiescent prominences have been advanced 
which present interesting perspectives. The combined use of X-ray, EUV and 
radio data have provided better knowledge about the P-C interface region and 
the associated coronal cavity, which are essential for understanding the me
chanics and thermodynamics of quiescent prominences. Continued studies of 
the P-C transition zone and the immediate prominence environments, possibly 
with emphasize on good spatial resolution, should be encouraged. 

II. Quiescent Prominences 

a. Thermodynamics diagnostics. Kanno et al (SP _69_, 313) have studied the 
H I LyC emission in quiescent prominences and reported slightly higher 
optical thickness ( t „> 30) than given in earlier works. The hydrogen 
ionization was < 50% In the central parts and appeared to increase towards 
the periphery of the prominences. Sitnik (SA _24_, 584) derived a noticeable 
centre to edge decrease in the source function of subordinate Balmer lines. 
Lhagvazhav et al (SDB 12/74 and SDB 1/88) have investigated the radiative 
transfer of the resonance line X, 584A and the continuum at A. 504A of He I in 
prominences and found the source functions to depend strongly upon the H I 
LyC opacity. Taking prominence fine structure into account -Grraljoand 
Schmahl (Apj Z40, 908) inferred T =77Q0±800K and #«> 1>'Z 1 0 c m f r 0 m L y C 

analysis or several prominences. Sased on optically thin lines emission.in 
the visible and IR Landman (ApJ 237, 988) derived T =7000K and Ng - 10 cm , 
and using the corresponding line widths he got T=66lo-1800K..and v.=5.1-1.4 km 
s~ . Fontenla (SP _6_4_, 177) derived T=6400K and v.=5.7 km s~ . Measurement of 
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Stark broadning on high quantum number Balmer lines yields usually the highest 
values for N (Ruzdjak, POS _1, 209). Beigman (SA L j>, 27) points out that 
transitions n —» n-1 (n>10) of hydrogen at sub-millimeter wavelengths may be 
observable in prominences and be useful for thermodynaniic diagnostics. 

The fact that some prominences'exhibit centrally reversed lines (Ca II H, 
K and H^ ) implies local variations of their thermodynamic conditions. Kubota 
(PASJ ̂ 2.» 359) found that the central reversal was not correlated with line 
opacity as predicted by a homogeneous layer model, and concluded that the 
central absorption arises from cooler optically thick (Z«5) layers near the 
surface of the emitting structures (cf Ohman, ApJ 128. 97). The pccasionally 
observed branching of particular line ratios (f inst Ca II vs Balmer lines) 
is due to local variations in the nonthermal velocities according to Stell-
macher and Wiehr (SP _7_1, 299). Landman and Mongillo (SP _63_, 87) measured 
significant interprominence variations in the Balmer decrement (Texc=1100-
-3450K). Unresolved local variations of temperature and turbulence are in
ferred from enhanced line wing emissions (Landman, ApJ 237. 988). The impli
cations of spatial variations on thermodynamic modelling, particularly on a 
sub-arcsec scale, have been considered earlier. Equally important may possibly 
be temporal variations which may lead to non-stationary radiative conditions 
(Engvold, SP 6J_, 351). Sporadic observations of condensation-like processes 
(Mikhailutsa.SDB' 12/85) and local impulsive events (Malville and Toot, BAAS 
12, 504) encourages more systematic investigations of changes on short time 
scale. 

Jensen (SP (in pr 1981)) points out that the small scale random motion 
of quiescent prominences has the character of MHD turbulence. He notices that 
supersonic velocities are reached in some cases only, which has serious im
plications as to local dissipation of energy via effects of compressibility. 

b. Magnetic fields. The astrophysical use of the Hanle effect for magnetic 
field determinations have been investigated further by several groups (Bommier 
et al, AA 100. 231$ Gopasyuk, IKAO _60, 108; Landi Degl 'innocent!, SP (In pr 
1981)). The total magnetic field vector may be derived from linear polariza
tion measurements in two lines. The easily accessible pair D,, and H^ has 
limited application due to effects of H* line opacity (Leroy, SP Jl, 285). 
Bommier et al concluded from using D and X. 10830 A (cf Smartt and House, 
BAAS JL1, 409; Lindsey and Mickey, BAAS 21. 409) that the angle between the 
magnetic field vector and the long axis of a quiescent prominence is the 
range 0 -20 , which is in agreement with earlier magnetographic measurements. 

c. Magnetostatic models. Lerche (SP _63_, 3) has shown that the thermal balance 
of prominence matter in magnetostatic models is susceptible to thermal pulses 
from the corona. The shear of the magnetic field is essential for the thermal 
equilibrium of prominences in regulating the thermal conduction (Milne et al, 
ApJ 232. 304). low (SP (in pr 1981)) has modified the classical Kippenhahn-
Schluter solution to account for the vertically aligned fine structure of 
quiescent prominences. 

d. Mass flow and dynamic models. The dynamic nature of quiescent prominences 
are demonstrated by systematic and random motions measured in disk filaments 
(Martres et al, SP j>9_, 307; Malherbe et al, AA 102, 124). These authors find 
upward directed slow component («i3 km s ) in some filaments whereas Kubota 
(J-F S, 178) measures a predominantly downward flow in 2 of 3 filaments. 
Coronal cavities are slightly, deprived of matter as compared to the normal 
corona (Lantos and Raolt, SP _66,, 375; Kundu et al, AA ££, 72), but the dif
ference is not by far enough to form prominences. The cavities are enclosed 
by arcades of hot (magnetic) loops (Serio et al, SP _59_, 65; Chapman, SP 71. 
151), which will prevent efficient flow of mass from the corona to the 
filament/cavity. These reasons and the fact that the prominence sub-structures 
are short lived as compared to several solar rotations for the seat of the 
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prominence appearance', have led to investigations of dynamic models for 
quiescent prominences of the Pikel'ner type where matter is sucked up along 
the magnetic field lines from the subjacent chromosphere (cf Leroy, J-F S, 
155). Uchida (J-F S, 169) assumes a quadrupole component in the photospheric 
magnetic field which yields a neutral sheat above the central polarity re
versal. He solves the hydrodynamic equations for matter which flows from the 
chromosphere, through the cavity region, and condenses by radiative cooling 
as it approaches the neutral sheet region. Ribes and Unno (AA £1., 129) de
rives a hydrodynamic model of a filament using a simpler magnetic configura
tion. Priest and Smith (SP _64_, 267) assume that the presumed downflow along 
the vertical structures is a cnsequence of a small scale interchange or a 
Rayleigh-Taylor instability inside the prominences (see also Dolginov and 
Ostryakov, SAL 2±, 749). 

e. The prominence-corona transition zone. The P-C interface region is 
assessed by observations of IJUV emission lines and cm-wavelength radio 
amission. The radio disk; filaments have slightly lower temperatures than 
the quiet Sun at corresponding frequencies (Kundu et al, AA _62_, 431). The 
temperature determination is apparently sensitive to the spatial resolution 
of the observing antenna (cf Rao and Kundu, AA ^6_, 373). Schmahl et al (SP 
71. 311) caution against the strict forward interpretation of microwave 
observations of disk dilaments since they exhibit substantial diversity and 
variability. Emission measure analysis based on absolute calibriated UUV 
line intensities (Schmahl and Orrall, ApJ L 231. L41) confirmes the essential 
of earlier works. The P-C temperature gradient is less than determined for 
the Ch-C zone, which implies that the thermal flux is comparatively lower 
(Mouradian et al, AA J9_> 138). Moe et al (SP _6^, 319) derived P =0.0 5-0.1 dyn 
cm in the P-C interface, which is only slightly higher than tne values 
reported by Mouradian et al. Turbulence in the P-C transition zone (Moe et 
al, SP _61, 319i Vial et al, SP .68, 187), which evidently originates in the 
prominence itself, is assumed (van Tend, SP_66, 29) to generate MHD waves which 
will heat coronal loops of the helmet structure (see Chapman, SP _7_1, 151). 

III. Active Prominences 

a. Loop prominences. Loop prominence system (LPS), are usually considered 
as a signature for energetic flares, in particular, proton events. Basically, 
two hypothesis are debated to account for the energy and mass of LPS. They 
either grow out of stationary hot coronal loops, the thermal instability is 
triggered somehow by a near by flare, or they are the results of reconnecting 
magnetic field lines which initially were torn open by an erupting filament. 
Observational evidences for the latter case are presented by Martin (SP 64, 
165) and Schmahl (SID, 241). Malville and Schindler (SP 70., 115) proposed 
that the flare will lead to enhanced dissipation and heating of the foot-
-points of the loops, which results in evaporation of matter (cf Antiochos 
and Sturrock, ApJ 220, 1137) into the loops and, subsequently lead to con
densation. The flare loops systems seen in H ^ grow, evidently, out of hotter 
coronal loops (McCombi and Rust, SP _6l, 143; Chapman and Neupert, ApJ 229. 
799; Svestka et al, SID, 217). Hood and Priest (AA XL» 233) pointed out than 
an increase in the gas pressure beyond a critical value of a stable coronal 
loop, by f inst streching or twisting the loop, will lead to thermal insta
bility and subsequently a cool core. Krieger (SP _5_6, 107) investigated co
ronal loops brightened by flares and concluded that the observed decay times 
were 10 times longer than predicted from cooling by thermal conduction. The 
disagreement may be caused by an anomalous conductivity, or by additional 
heat sources (Habbal et al, SP_64, 287; Ionson, ApJ 226, 650). Cooling of 
flare loops have been analysed numerically by Antiochos and Krall (ApJ 229, 
788) who noted that thermal conduction dominates in the early cooling phase 
whereas radiative cooling is more efficient in the later phase. Antiochos 
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(ApJ 236. 270) assumed that the instability grew from a thermal perturbation 
(» 5%) of the loop and showed that the temperature dropped from coronal to 
chromospheric value in the course of 5-600 s. The entire loop gradually cooled 
and the matter streamed down both legs at freefall conditions. Malville and 
Schindler measured a pronounced enhancement in the line-of-sight velocity 
(rms) which evidently was associated with the destabilization of the loop 
system. They also found a torsional motion and oscillation of the whole loop 
with a period of 75 min, which presumably was sub-Alfvenic. A longer period 
(340 s) has been reported by Zhugzhda et al (SDB 7/98) in another event. 
LPS as well as hot coronal loops are well represented by the lines of force 
of a dipole (Wu et al, SP J0_, 137; Antiochos, ApJ 236. 270; Engvold et al, 
SP j62_, 331). The apparent twist motion of the falling matter (Tsubaki, MSUNS 
29, 89) is evidence for force-free configuration of the magnetic loop which 
may arise by motion of their foot points (Sakurai, PASJ ^1, 209). 

b. Eruptive prominences. Recent studies of the kinematics and thermodynamics 
of eruptive prominences are based on data from X-rays, EUV and the visible. 
The generally accepted picture is confirmed that eruption involves real mass 
motions and that the force acting on the matter is directed upwards and away 
from the associated center of activity, the accelerations decreasing with 
time (Waldmeier, AMES No 371; Pittini, AMES No 373; VrSnak, HOB _4, 17; Delone 
et al, SDB 1/102). The trajectories of the ejected material delineates the 
unwinding and streching of the initially loop-like magnetic field structure 
(Bhatnagar, SID, 235; Kleczek, HOB _4_, 35). Two peculiar cases have been noted 
by Bruzek (SID, 203) where ejected filament material stopped at a distant 
position and formed short lived filaments. Tandberg-Hanssen et al (SP _6_5_, 357) 
found that the material of flare sprays originated from preexisting filaments. 
The majority of eruptive prominences have height-speed relation in the range 
between the fast sprays and the slowly ascending prominences (iiigvold, SID, 
173). In fact, Slonim (SA L6, 21) demonstrated that the ascending velocity 
varies inversely with the square of the distance between the filament and 
the nearest center of activity, which implies that the dynamics of eruption 
is a function of the magnetic field strength. 

Observational evidence for rapid heating of the erupting prominence 
material has been presented by Webb and Jackson (SP J73_, 341). Kahler et al 
(BAS _11, 659) concluded from studies of X-ray and H^ observations that 
filaments disappear in place without being ejected from the region. Also 
Mouradian et al (J-P S, 195) pointed out that, although material motions are 
observed in H^ , many cases of "disparition brusques" are likely to represent 
a- modification in the ionization of the prominence material rather than a 
dramatic restructuration of the magnetic field. These authors also noted the 
reappearance of a filament first in high temperature lines (Mg X). 

Serrio et al (SP _59_, 65) found out that prominences associated with 
young (<4 rotations) or very old (?8 rotations) neutral lines are signifi
cantly less stable than the average of all filaments. Unstable filaments tend 
to have hot coronal arcade loops spanning the filaments channel (Schmahl 
et al, BAAS _12_, 526). Moore and LaBonte, SID, 207) proposed that the desta
bilization of a filament, its successive eruption and associated flare, 
result from reconnection of strongly sheared supporting field. Slonim (SA 
16, 21) concluded that the filament eruption and its associated flares are 
generated by a common mechanism which involves a preliminary reorganization 
of the magnetic field due to emergence of new magnetic flux. 

Pneuman (SP _65_, 369) showed that a moderate increase in the magnetic 
field strength beneath the coronal helmet streamer can easily propel the 
prominence and the overlying arcade outwards. The mechanism which percipi-
tates tiie prominence eruptions are believed also to produce coronal tran
sients (Fisher et al, ApJ L246, L161). 70% of all coronal transients are 
associated with eruptive prominences (Munro et al, SP _6l, 201). 
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c. Surges. The mechanical energy of surges dominates by order of magnitudes 
the radiative output from flares (Webb, SFW, 471), but they produce no de
tectable coronal heating or dynamic responce such as coronal transcients 
(Rust et al, SFW, 273). The trajectories of the ejected matter are generally 
found to be ballisticlike (of Schmahl, SP _69_, 135)» though more complex be
haviour have been reported (Makhmudov, SDB 5/81) Xu et al, AAS _5, 44). Xu et 
al claim that the mechanical energy of surges comes from dissipation of 
magnetic energy of the loop structure. Their conclusion is at variance with 
the results of Zach and Bar (SP T3» 331) who found that an active surge 
producing region was stable and showed no evidence of decreasing energy. 
Stoyanova (SDB 3/84) noticed peculiar wave motions in surges which she pro
posed might give rise to condensation of matter in the magnetic structure 
and thus lead to the surge formation. The impulsive surge events are now also 
accessed in the EUV (Hence et al, BAAS JL2_, 532; Woodgate, BAAS 12., 535). 
Schmahl (SP _6_9_, 135) analysed EUV data from Skylab and concluded that inferred 
pressure gradients along the surges would be able to drive material outwards 
at the observed speeds and distances. Noci (SID, 307) applied a steady state 
approximation in a siphon type model to observed 0 VI and Mg X emission in 
a surge and found evidence for transversal pressure gradients. The response 
of the solar atmosphere to a brief thermal pressure pulse were investigated 
numerically by Steinolfson et al (SP _§3_, 187) who solved the one-dimensional 
timedependent hydrodyhamic equations and thus succeeded convincingly in si
mulating surge events. A different approach was made by Garlqvist (SP 63, 
353) who proposed that surges were the consequences of local evacuation 
arising from current driven instabilities at the top of magnetic loops. This 
model seems less convincing in explaining typical behaviour of surges. 

6. FLARES AND ENERG.BS'IC PARTICLES 
(D. M. Rust) 

A. Activities 

The Solar Maximum Mission satellite (SP _6_5, 5) was launched in February, 
1980 and made X-ray and UV flare images for nine months. Besides the SMM, 
satellites launched for solar activity research included the International 
Sun-Earth Explorer (USA), Prognoz-8 (USSR) and Astro-A (Japan). One-arcsec 
observations of flares became available from the Very Large Array (USA) and 
Westerbork (FRG) radio telescopes. Important publications included the 
proceedings of the Skylab Flare Workshop (Solar Flares (SF)), and Solar 
System Plasma Physics (SSPP), and Solar Flare Magnetohydrodynamics (SFMHD). 
Major reviews of flare observations by Brown, Smith and Spicer and of flare 
theory by Spicer and Brown appeared in The Sun as a Star ^SS). First results 
from the SMM experiments appeared in Ap J L244, L113. 

Flare researchers lost an outstanding colleague in the death of S.I. 
Syrovatskii. A review, "Key problems of flare theory" (IANSSR _43_, 695) was 
among his last works. 

B. Research 

I . Flare Build-up 
a . Preflare magnetic f i e l d s . New observational s tudies of preflare f i e lds 
were few, but theore t i ca l work in tens i f i ed on ana ly t i c solut ions to the 
forcefree f i e ld equation (Low, RGSP in p r e s s ) . Pr ies t and Milne (SP _65, 31i>) 
studied the evolution of arcade-l ike f i e ld s through a se r i e s of force-free 
s t a t e s , finding a solut ion that contains a magnetic bubble. They proposed 
that such a bubble could undergo an eruptive ins tabi l i ty and trigger a two-
-ribbon f l a r e . Hasan (SP _67, 267) found that any force-free f i e ld with 
constant twist i s unstable to kinking unless linked with a small, posi t ive 
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t ransverse gas-pressure gradient . Hood and Pr ies t (SP _64_, 303 and SP _66̂  113) 
suggested that an MHD kink i n s t a b i l i t y can develop in to a f l a r e in magnetic 
loops twisted through several ro ta t ions by photospheric motions. The dominant 
s t ab i l i z ing effect which allows the accumulation ©f energy in twis ted f i e lds 
i s " l ine ty ing" , i . e . , the assumption that coronal f i e l d - l i n e footpoints are 
fixed to speci f ic photospheric sources. Gibons and Spicer (SP J>9_, 57) c r i t i c i 
zed t h i s assumption, which i s fundamental to almost a l l work on magnetic 
energy bui ld-up. 

b . Preflare emission and a c t i v a t i o n . Observations of preflare conditions in 
the chromosphere and corona were reviewed by Martin (SP _68_, 217). She found 
that filament eruptions and X-ray br ightenings , i n t e r a l i a , were r e l i ab l e 
f la re precursors , but Mosher and Acton (SP .66,, 105) and Kahler (SP j>2, 347) 
found no pecul iar soft X-ray enhancements or filament ac t iva t ions that would 
allow small f l a r e s to be an t i c ipa ted . Nevertheless, large f l a res are almost 
invariably preceded by filament ac t iva t ion and erupt ion. Kuperus and Van Tend 
(SP J l , 125) showed tha t i f the background f i e l d near a filament evolves from 
a potent ia l to a nearly force-free s t a t e , large forces are generated along 
the axis of the f i lament, i f t h e i r e a r l i e r model (SP jjg., 115) i s co r r ec t . 
They ident i fy the filament eruption as the f l a re t r i g g e r . Most f l a r e energy 
would be released as the magnetic f i e ld s reconnect a f t e r the erupt ion. 

I I . Flare Energy Release Processes 
a . Magnetic f i e ld reconnection. Observations of H-alpha and EUV f la re 
s t ructures (Ap J L244, L133; Ap J L244» L179) and of the underlying magnetic 
f i e lds and X-ray f l a re kernels (ApJ L24_6, L155) continue to indicate that some 
f l a r e s , are t r iggered by emerging f lux . Presumably, magnetic reconnection 
takes place at current sheets between the emergent and ambient f i e l d s . Al
t e rna t i ve ly , reconnection may occur in small segments within a twisted loop, 
(Spicer, SP J(), 149). There would be no extended current sheet in t h i s case . 
Mercier and Heyvaerts (SP .68, 151) reexamined the dynamics of the Petschek-
-type extended current shee t . They find that plasma microturbulence, which 
many suppose to be the primary t r igger ing mechanism of f l a r e s , does not 
appear in a straightforward way. They conclude that global propert ies of the 
act ive region magnetic s t ruc ture as well as gravi ty may play an important 
role in determining current sheet dimensions and i t s effectiveness as a 
f l a re t r i g g e r . Syrovatskii and Kuznetsov (RPS, 445) and Smith and Spicer 
(SP S2_, 359) pointed out that current sheets may be detectable with high 
resolut ion microwave observat ions. 

b . Double l aye r s . Akasofu (SP .64, 333) revived i n t e r e s t in analogies between 
so lar f l a r e s and magnetospheric substorms. The recent discovery of "double 
layers" above the ionosphere encourages the comparison. Double layers are 
narrow regions jus t above auroral arcs where the e l e c t r i c f i e ld i s pa ra l l e l 
to the magnetic f i e l d . In two-ribbon f l a r e s , Akasofu argued, the e lect ron-
-accelera t ing layers could l i e in the low corona near where the act ive region 
loop arcade i n t e r sec t s the chromosphere. The idea i s a var ia t ion of the 
Alfv^n and Garlqvist model(Spicer, SP JO,, 149); Carlqvist (SP _63_, 353). 

c . Models -thermal and non-thermal. A burning issue in f la re physics i s the 
electron veloci ty d i s t r ibu t ion in the primary f l a re plasma. Current-sheet 
models lead to energizat ion by joule heating (thermal model). However, 
accelerated electron beams (non-thermal model) are usually invoked to explain 
impulsive-phase X-ray b u r s t s . In the thermal i n t e rp r e t a t i on , (Smith and 
l i l l i e q u i s t , Ap J 232, 582),hard X-rays or iginate in a very hot (/vlO K) p las 
ma, while in the non-thermal i n t e r p r e t a t i o n , they are the bremsstrahlung 
emitted by electron beams in te rac t ing with a cold, dense plasma ("thick 
t a r g e t " ) . The non-thermal i n t e rp re t a t i on of hard X-ray burs t s requires about 
twenty times the energy in impulsive phase e lectrons as the thermal i n t e r -
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pre ta t ion (Smith, SP .66, 135). Unfortunately, X-ray spectra may be i n t e r 
preted with equal f a c i l i t y e i t he r as the superposition of several Maxwell-
ian or power-law f lux d i s t r i b u t i o n s . Brown et a l (SP _67., 143) concluded that 
a single thermal source cannot describe the time development of hard X-ray 
spec t ra . They proposed that primary energy re lease s i t e s consist of several 
small, impulsively-heated kernels , each cooled by anomalous conduction. Their 
model i s an elaboration of de Jager ' s (SP .64, 135) view the impulsive-phase 
emission i s composed of elementary f l a re burs ts (EFBs). Evidence for EFBs i s 
given by Karpen et a l (Ap J 234. 370). Brown et a l show how EFBs, which may 
correspond to s i t e s of tearing-mode magnetic f i e l d d iss ipa t ion (Spicer, 
SP ^3_, 305; SP J0_, 149; Van Hoven, Ap J 232; 572), may be revealed in dynamic 
hard X-ray spec t ra . Emslie (Ap J 244. 653) offered an a l t e rna t ive i n t e r 
pre ta t ion in terms of a s ingle ad iaba t i ca l ly heated region (Wiehl and 
Matzler, AA .82., 93) compressed by a time-varying, to ro ida l magnetic f i e l d . 
Kosugi (SP Jl^, 91) presented evidence for EFBs of /v 3 s duration in an event 
with coincident burs ts in hard X-ray, metric and microwave spec t ra . Radio 
interferometr ic observations suggested that the e lectron accelerat ion region 
( s i t e of several EFBs) sh i f t s in posi t ion a f t e r several tens of seconds. 

An important advance in understanding impulsive phase energy release 
came with the successful operation of the HXIS (Hard X-ray Imaging Spectro
meter, SP .65, 39) on the SMM s a t e l l i t e . Hoyng et a l (Ap J L246, L155) and 
Duijveman et a l (SP, in press) showed that 16 - 30 keV X-rays in tegrated 
over 20 - 30 s spike burs t s originated at the feet of magnetic loops (one 
loop for each spike b u r s t ) . The loop feet lay above with H-alpha f l a re 
kerne ls . Hoyng et a l believe t h e i r data show the bremsstrahlung of electrons 
accelerated non-thermally within the loops . Only the f i r s t few spike burs ts 
in each HXIS event can be described in t h i s manner. Most of the hard X-ray 
emission was in a ho t , diffuse source that appeared a f t e r the f i r s t minute 
or so and coincided with the well-known soft X-ray and H-alpha f l a re loops. 
The f i r s t X-ray imaging r e s u l t s , then, seem to support both thermal and 
non-thermal models. The extreme energy requirements of the non-thermal model 
are avoided because non-thermal processes dominate for only a small f ract ion 
of the t o t a l X-ray burs t i n t e r v a l . 

Marsh et a l (Ap J 242, 352; Ap J L240, L l l l ) , Kundu et a l (Ap J 1981 in 
press) and Lang et a l (Ap J 247, 338) reported microwave emission from 1-2" 
sources between H-alpha f l a re kerne ls . In many cases , the microwave sources 
exhibited a double polarized s t r u c t u r e . The c i r cu la r polar iza t ion implied 
that the source was gyrosynchrotron emission from ~ 500 keV (non-thermal) 
electrons in 400 - 800 G magnetic loops. 

Although observations seem to favour non-thermal models, at l eas t at 
f la re onset , proposed accelera t ion mechanisms have ra ised many theore t ica l 
objections (Smith, SP .66, 135). The question of whether a thermal model 
with a high-energy t a i l in the electron veloci ty d i s t r ibu t ion (Vlahos and 
Papadopoulos, Ap J 233. 717; Emslie and Vlahos, Ap J 242. 159) can describe 
the observations wi l l be studied in tens ively as more VLA and SMM resu l t s 
become ava i l ab le . 

d. Ion acce le ra t ion . Measurements of so la r protons and other ions at 1 AU 
are only jus t beginning to reveal the proper t ies of the accelerat ion region. 
Ion charge s ta te measurements from the ISEE-3 and IMP-8 spacecraft indicate 
that f la re pa r t i c l e s are accelerated from plasma at 4 x 10 K to 5 x 10„K R 
(Ma Sung et a l , Ap J L24_5_, 45; Par is Cosmic Ray Conf., 1981), not in 1 0 - 1 0 K 
kernels and not in 10 K e j ec t a . The r e s u l t s i s exci t ing evidence for acce
l e ra t ion in ambient coronal mater ia l by shocks (Gutschenko and Zai tsev, 
SP 6£, 337). Acceleration of e lectrons by shocks ce r ta in ly produces type I I 
metric b u r s t s , but since accelerated ions emit only negl ig ib le EM rad ia t ion , 
t h e i r associa t ion with shocks has.been much more d i f f i cu l t to e s t ab l i sh . 
Furthermore, ion accelera t ion by the c l a s s i ca l Fermi mechanism requires 
pre-accelera t ion , presumably during the impulsive phase. I t appears that 

https://doi.org/10.1017/S0251107X00004491 Published online by Cambridge University Press

https://doi.org/10.1017/S0251107X00004491


SOLAR ACTIVITY 75 

t h e shock d r i f t a c c e l e r a t i o n mechanism (Pesses e t a l , SSR, i n p r e s s ; Decker , 
JGR_86, 4 5 3 7 ) , i n which shocks can r a p i d l y a c c e l e r a t e ambient i o n s , may be 
o p e r a t i n g i n t h e corona a s w e l l a s i n i n t e r p l a n e t a r y s p a c e , where i t i s w e l l 
e s t a b l i s h e d . 

Cur ious da ta on e l e m e n t a l composi t ion i n s o l a r p a r t i c l e e v e n t s c o n t i n u e s 
t o s t ream i n . Br iggs e t a l (Ap J L228, L83) found a s t r o n g tendency f o r 
second f l a r e s t o produce H/He-enhanced e n e r g e t i c p a r t i c l e f l u x e s when com
pared wi th f i r s t f l a r e s from the same a c t i v e r e g i o n . F l a r e s s e p a r a t e d by 
> 100 h do not show t h e e f f e c t , which i m p l i e s t h a t f l a r e s may i n t e r r u p t a 
g r a d u a l He enrichment p r o c e s s i n a c t i v e r e g i o n s . Mobius e t a l (Ap J 2 3 8 , 768) 
found t h a t h e a v y i o n - r i c h e v e n t s a r e a l s o e n r i c h e d i n He and F e . They view 
t h i s a s due , not t o g r a d u a l en r i chmen t , bu t t o p r e f e r e n t i a l i n j e c t i o n of He 
and Fe by t u r b u l e n t i o n h e a t i n g and Fermi a c c e l e r a t i o n . On t h e o t h e r hand , 
Cook e t a l (Ap J L23J3, 97) found t h a t t h e average e n e r g e t i c p a r t i c l e abundan
ces i n f o u r major f l a r e e v e n t s were s i m i l a r t o s o l a r wind abundances . Small 
f l a r e p a r t i c l e e v e n t s , however, c o n s i s t e n t l y show He and heavy i o n en
r ichments (Mason e t a l , Ap J 239 , 1 0 7 0 ) . 

Kah le r (JGR, i n p r e s s ) showed t h a t e a r l i e r s t a t i s t i c a l s t u d i e s l i n k i n g 
impuls ive phase phenomena t o p ro ton e v e n t s d id not a d e q u a t e l y account f o r 
the f a c t t h a t a l l f l a r e phenomena a r e b i g g e r and more f r e q u e n t i n major 
f l a r e s . A f t e r t h i s " b i g f l a r e syndrome" i s accoun ted f o r , no s i g n i f i c a n t 
c o r r e l a t i o n remains between p ro ton e v e n t s and impu l s ive -phase phenomena 
except f o r t h e t i m e - i n t e g r a t e d microwave b u r s t ene rgy . 

A popu la r t w o - s t e p model , i n which i o n a c c e l e r a t i o n s t a r t s wi th i n 
j e c t i o n dur ing t h e impu l s ive p h a s e , was c h a l l e n g e d by f i r s t r e s u l t s from 
the SMM gamma-ray exper iment ( F o r r e s t e t a l , SP .65 ,15; Chupp e t a l , Ap J 
L244. 1171 ; Ryan e t a l , Eos _62_, 380A). Gamma-ray emiss ion from n u c l e i e x 
c i t e d by 1 - 50 MeV i o n s appea red i n " 1 s co inc idence w i th impu l s ive -phase 
emiss ions from e l e c t r o n s and r e p e a t e d q u a s i - p e r i o d i c a l l y f o r *• 40 s . The 
gamma-ray da ta c l e a r l y show t h a t p r o t o n s can be a c c e l e r a t e d up t o ^ 5 0 MeV 
i n t h e impuls ive p h a s e . Few of t h e s e p ro tons escape t h e Sun. Decker e t a l 
( P a r i s Cosmic Ray Conf . , 1981) and Chambon (SP _69_, 147) found t h a t gamma-ray 
even t s produce r e l a t i v e l y weak p ro ton e v e n t s a t E a r t h . We may have l e a r n e d 
how to a c c e l e r a t e p ro tons i n shocks (Decker , l o c c i t ) , but we must now 
s e a r c h f o r a way t o a c c e l e r a t e them q u a s i - p e r i o d i c a l l y i n t h e impu l s ive 
phase and on t ime s c a l e s t h a t may be too s h o r t ( ^ 1 s ) f o r shocks o r wave 
t u r b u l e n c e (Barbosa , Ap J 233 , 383) t o o p e r a t e . 

I I I . F l a r e E f f e c t s i n t h e S o l a r Atmosphere 
a . P h o t o s p h e r e . The problem of whether w h i t e - l i g h t f l a r e s a r e t h e r e s u l t 
of p ro ton bombardment b e n e f i t t e d from s e v e r a l s imul t aneous gamma-ray and 
w h i t e - l i g h t f l a r e o b s e r v a t i o n s (Dezso e t a l , SP _67., 317; Hudson, Ap J L236, 
9 1 ; Z i r i n and N e i d i g , Ap J L248, 4 5 ) . Hudson and Dwivedi (SP, i n p r e s s ) 
ana lyzed the e f f e c t s on the photosphere of h i g h - e n e r g y i o n s capable of 
producing t h e J u l y 1 1 , 1978 , w h i t e - l i g h t f l a r e and found t h a t p h o t o s p h e r i c 
h e a t i n g by t h e i o n s would be n e g l i g i b l e and t h a t t h e emergent spectrum would 
be red r a t h e r t han b l u e a s obse rved . I n t h e J u l y 1 , 1980, w h i t e - l i g h t f l a r e s , 
t h e r e was a c o r r e l a t i o n between gamma-ray and t h e w h i t e - l i g h t emis s ions on ly 
i n t h e weakest phase of t h e w h i t e - l i g h t e v e n t . The b r i g h t e s t emiss ion cannot 
be due t o p ro ton bombardment (Rust e t a l , SP i n p r e s s ) . 

b . Chromosphere. Models of t h e e f f e c t s on t h e chromosphere of d i f f e r e n t 
modes of energy i n p u t have improved s u b s t a n t i a l l y and l e f t us wi th some 
d i f f i c u l t p u z z l e s . Machado e t a l (Ap J 242 » 336) dev i sed s e m i - e m p i r i c a l 
f l a r e model a tmospheres t h a t approx imate ly reproduce o b s e r v a t i o n s i n H I , 
Si I C I , Ca I I and Mg I I . Pure p a r t i c l e h e a t i n g models cannot produce t h e 
observed e m i s s i o n , and Machado e t a l sugges t t h a t conduc t ion and Z - r ay photon 
h e a t i n g (Henoux and Nakagawa, AA §§_, 385 ; Henoux and Rus t , AA £1 . , 322) make 
s u b s t a n t i a l c o n t r i b u t i o n s i n t h e lower chromosphere . No d e t a i l e d energy i n p u t 
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models have ye t exp l a ined t empera tu re minimum r e g i o n h e a t i n g (Emslie and 
Machado, SP _64, 1 2 9 ) . 

Somov e t a l (SP _73_, 145) s t u d i e d the hydrodynamic response of the ch ro 
mosphere t o e l e c t r o n beam h e a t i n g . The t o p of the chromosphere t o e l e c t r o n 
beam h e a t i n g . The t o p of t h e chromosphere exp lodes i n t o t h e corona a t 
< 1500 km/s . I n dense r l a y e r s , t he energy can be r a d i a t e d away, and a UV f l a s h 
r e s u l t s - High-resolut ion simultaneous maps of hard X-ray and UV emissions showed 
t h a t i n d i v i d u a l X-ray s p i k e s can be i d e n t i f i e d wi th d i s c r e t e UV f l a r e k e r n e l s 
(Cheng e t a l , AP il L248, L 3 9 ) . S e v e r a l 4" k e r n e l s b r i g h t e n e d s e q u e n t i a l l y i n 
one s t u d i e d f l a r e . I n a limb f l a r e s t u d i e d by Poland e t a l (SP, i n p r e s s ) , 
UV l i n e s of 0 IV (T *v 2 . 5 x 10 K) and Fe XXI ( ^ 1 0 K) showed t h a t impuls ive 
phenomena began i n t h e chromosphere o r photosphere and cont inued f o r s e v e r a l 
minutes a s m a t e r i a l was e j e c t e d i n t o co rona l l o o p s . 

Nagai (SP _68, 351) s t u d i e d gas-dynamic models of f l a r e loops hea t ed by 
the rmal conduct ion from the t o p or f o o t . C a r g i l l and P r i e s t ( p r e p r i n t ) 
s t u d i e d loops h e a t e d by slow MHD shocks i n i t i a t e d by magnet ic r e c o n n e c t i o n , 
as i n Pneuman s model ( S o l a r F l a r e Magnetohydrodynamics, Gordon and B r e a c h ) . 
So f a r , none of the models i s r e a l i s t i c enough f o r d e t a i l e d comparison wi th 
o b s e r v a t i o n s . Somov's model (SP _73_» 145) p r e d i c t s t h a t t h e i o n t empera tu re 
i n the impuls ive phase e j e c t s w i l l be an o r d e r of magnitude l e s s than the 
e l e c t r o n t e m p e r a t u r e . I t w i l l b e d i f f i c u l t t o check t h i s p r e d i c t i o n s ince 
impu l s ive -phase t u r b u l e n c e broadens t h e l i n e s and mimics a h igh i o n i z a t i o n 
t empera tu re (Culhane e t a l , ApJ L244, 1 1 4 1 ) . 

c . Corona. There i s accumula t ing ev idence f o r d i s t i n g u i s h i n g two c l a s s e s of 
s o l a r f l a r e s , a t l e a s t wi th r e s p e c t t o corona l m a n i f e s t a t i o n s . Small volume 
(10 -10 cm ) , low a l t i t u d e ( < 10 km) f l a r e s have s h o r t r i s e and decay 
t imes and a h igh co rona l energy d e n s i t y (10 -10 e r g s cm ) . A compact f l a r e 
t h a t produced an e x t r a o r d i n a r y b u r s t of ha rd X-rays and gamma-rays was s t u d i e d 
by Dennis e t a l (Ap J L244, L167) and Ryan e t a l (Ap J L244, L175) . 

Compact f l a r e s a r e not a s s o c i a t e d wi th co rona l t r a n s c i e n t s , but l o n g -
-decay (rJ h o u r s ) e v e n t s / L D E ' s ) , which have l a r g e r co rona l loops (A/5x10 km), 
l a r g e r volumes (10 -10 cm ) and lower co rona l energy d e n s i t i e s (10 - 10 
e r g s cm ) a r e a s s o c i a t e d wi th prominence e r u p t i o n s and wi th co rona l t r a n s 
c i e n t s ( P a l l a v i c i n i e t a l , Ap J 216, 108; P a l l a v i c i n i and Vaiana , SP £ 7 , 1 2 7 ) . 
K r a l l e t a l (SP_66_, 371) made a one d imens iona l hydrodynamic model of an LDE. 
I n agreement wi th o t h e r s t u d i e s (Moore e t a l , S o l a r F l a r e s , p . 3 4 1 ; MacCombie 
and Rus t , SP _6l, 6 9 ) , t hey found t h a t energy i s s u p p l i e d t o LDE ' s f o r hours 
a f t e r event o n s e t . C l e a r l y , energy r e l e a s e p r o c e s s e s b o t h r a p i d ( e . g . Du i jve -
man e t a l , Ap J 2 4 5 . 721) and slow (Pneuman, l o c c i t . ) occur i n a v a r i e t y of 
f l a r e s and no s i n g l e model o r mechanism w i l l d e s c r i b e them a l l . 

7 . RADIO PHYSICS 
(M. P ick) 

Reviews and Genera l 

A d e t a i l e d review on S o l a r Radioastronomy has been pub l i shed i n book 
form by Kriiger (ISRAR). I t p r e s e n t s a summary of t h e work done dur ing the 
pas t t h i r t y y e a r s and covers i n s t r u m e n t a l a s p e c t s , o b s e r v a t i o n s and t h e o r y . 
I n t h e book on t h e Symposium IAU No 86 (RPS), d e d i c a t e d t o t h e memory of S . F . 
Smerd, t h e p r e sen t l e v e l of our u n d e r s t a n d i n g of S o l a r Radio Phys ics i s 
summarized. Many books have i n c l u d e d s e v e r a l a s p e c t s of t h e r a d i o emiss ion : 
PSP, IAU Colloquium No 44 , t h e monographs from Skylab s o l a r workshops, i n 
p a r t i c u l a r : SF and CHHSWS. 

I n o r d e r t o d e t e c t the p resence of expec ted Langmuir waves, microwave 
r a d a r o b s e r v a t i o n s of t h e Sun have been made. 

The p o s s i b i l i t y of r e c o g n i z i n g n e u t r a l c u r r e n t s h e e t s i n the corona by 
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their radio emission has been discussed (Zheleznyakov and Zlotnik, SP 68, 
317; Kurnetsov and Syrovatskii, SP _69_, 361; Wefed'ev, PAZ _5, 96). 

Quiet Sun 

Fluctuations of the radiflux have been studied at 2.8 cm (Butz et al, 
AA 72., 211; Graf et al, ApJ 228, 312). Radio pulsations with a period of 
160 min were detected at 1.9-3.5 cm (Eryushev et al, PAZ _5, 546). At decame
ter wavelengths, periods from 4 to 30 min were detected (Abranin et al, PAZ 
.4, 559). The radio granulation was observed with the RAIAN-600 radiotelescope 
(Bagod, SSAOZ _13_> 22). A map of the supergranulation network was obtained 
with the WSRT (Kundu et al, ApJ 23_£, 1122). 

Brightness distribution was studied at 2.4 cm (Borovik, PAZ _6, 426). 
There is no change with the phase of the cycle (Borovik, AIISAOZ .11, 1°T)« 
The variation of solar brightness at the extreme solar limb was observed at 
centimetre wavelengths (Lantos et al, SP _63_, 271). 

Synoptic charts of coronal holes were drawn at 9.1 cm (Wefer and Papa-
giannis, SP _67_, 13). A model for coronal holes was derived from E UV and 
radio data (Ghiuderi-Drago, SP _65_, 237). 

Slowly varying component and active regions 

Various characteristics of the local radio sources have been studied: 
- the variation of the flux (Nakajima et al, PASJ _3_1, 251) and the develop
ment of fluctuations (Gel frejkh) PAZ _5, 42) - the radio optical comparison 
(Akhmedov, SDB _79_, 91; Gaizauskas and Tapping, SID, 33) - the polarization 
(Bachurin et al, IKAO _6l, 37) and its variation before the occurrence of 
proton flares (Bachurin et al, IKAO _59_, 111) - the type of spectra and the 
probability of flare occurrences (Steffen, SP .67., 89) - the fine structure 
of the spectra and its variation (Kaverin et al, SDB _78, 92, SP j>3_, 379, 
AZ _51, 778), (Zheleznyakov and Zlotnik, AZ _5_7, 778). 

Long lived microwave pulsations were observed (Gaizauskas and Tapping, 
Ap J _g_41, 804). 

High spatial resolution observations of solar active regions in soft 
or UV rays and centimetric wavelengths were compared (Pallavicini et al, 
ApJ 229, 375; AA £8, 316). Maps of active regions were obtained at 6 cm 
with the WSRI (Erskine et al, AA 83., 256) and with the VLA (Lang and Willson, 
RPS; Kundu and Velusamy, ApJ L240, L63; Kundu et al, AA 9±, 12). Different 
models for local radio sources were constructed and compared to the observa
tions (Zhao, PBAO 2., 1; Zhao and Gian, AAS _21, 262; Alissandrakis et al, 
AA 82., 30; Gel'frejkh and Lubyshev, AZ _56, 562). 

Filaments 

Observations at 8, 15, 22 and 43 GHz have been obtained with the Hay
stack telescope (Schmahl et al, SP .71, 311). Prom a synthesis of observations, 
a spectrum of the brightness temperature of filaments between 3.5 mm and 
6 cm has been derived (Raoult et al, SP .61, 335), and interpreted (Lantos and 
Raoult, SP _66_, 275). An agreement between the uv and radio observations is 
obtained through these studies. 

Microwave bursts 

Kane has given a review on the impulsive phase of the flares including 
the radio aspects (SP, 187). 

Past time structures have been detected during the development of 
impulsive bursts (Kaufmann, SP _60_, 367; Urpo et al, AA .9_3_, 121). The obser
vation of the spikes suggests the possibility that the flare energetic in
jections are qua si quantized in energy (Kaufmann et al, AA ff7_, 58). A class 
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of quasi periodic bursts is considered as an evidence for adiabatic heating 
(Wiehl and Matzler, AA j32_, 93). Following Wiehl et al, AA %2_, 260, time delays 
of maximum emission at high and low microwave frequencies are considered as 
evidence for a collisionless conduction front. 

To explain the microwave emissions, different mechanisms have been dis
cussed: the role of thermal gyromagnetic and bremsstrahlung emission (Kovalev, 
PAZ _5, 133), the gyrosynchrotron emission from quasi thermal electrons (Dulk, 
et al, ApJ £2±, 1137). 

A statistical investigation of microwave burst spectra has been presented 
(Schoehlin and Magun, SP _64_, 349). The spectral evolution of multiple impulsive 
solar bursts have been also analysed (Karpen et al, ApJ 234i 370). High spatial 
resolution observations of microwave burst have been obtained (Kundu and Vla-
hos, ApJ 232, 595; Kundu and Angerhofer, SP .64, 159). In particular, the VLA 
observations allow the determination of the burst source and from the compari
son with other data, an interpretation can be obtained (Marsh et al, SP 64, 
159; Marsh et al, ApJ 242, 352; Marsh and Hurford, ApJ L240, Llll). Post flare 
loops have been observed at 20 cm with VLA (Velusamy and Kundu, ApJ L243, 
L103). 

Type III, type U, type V bursts 

Kundu et al, ApJ L236, L87, have associated type III bursts with X-ray 
bright flares. The sources of the type III bursts have been resolved in 
multiple components (Pick et al, RPS, 235) and occur in coronal regions where 
the magnetic field is diverging (Kane et al, ApJ L241, L113; Schmahl et al, 
SP _7_1, 311). High time resolution observations reveal that individual type III 
bursts coincide with corresponding elementary X-ray and microwave spike bursts 
(Kosugi, SP 71,, 91). Some coronal structures associated with type III burst 
production were identified from Skylab observations (Pick et al, SP _63_, 369). 

A new class of type III like bursts has been identified at decimeter 
wavelengths (Elgaroy, A A .82., 308). The characteristics of type III bursts have 
been described in terms of F-H pairs and structureless bursts (Dulk and Suzuki, 
AA _88, 203). A strong support for the existence of P.H pairs (Poquerusse and 
Bougeret, AA _97, 36) have been brought by stereoscopic observations. At kilo
meter wavelengths, both fundamental and harmonic emissions have been detected 
(Hanaz et al, AA jjl., 311). Propagation effects on electromagnetic waves have 
been discussed (Duncan, SP _63_, 389; Steinberg et al, SP _64, 359). 

Theoretical investigations on type III burst emission have been carried 
out (Takakura, SP .61, 143; SP .61, 161; SP .62, 375; SP .62, 383; Smith and Sime, 
ApJ 233, 998; Smith et al, ApJ 234, 348; Smith and Nicholson, EISP, 225; Gold
stein et al, WISP, 245; ApJ 234. 683; Wentzel, AA 80_, 268; De Genouillac and 
Escande, AA _9_4, 219). The radial variation of the plasma oscillations respon
sible for the type III bursts has been derived from the determination of the 
emissivity variation with heliocentric radial distance by Tokar and Gurnett. 
Observations and interpretations of type III + Illb bursts have been discussed 
(Abranin and Baselyan, SP .62_, 145; Kriskan et al, SP .66, 347; Subramian et al, 
SP J70_, 375). A model explaining the transition between type I and type III 
bursts has been proposed (Aubier, RPS, 363). 

The evolution of polarization in type U bursts was analysed and inter
preted (Benz et al, AA J79_, 216). Characteristics of type V bursts were analysed 
(Bakunin et al, AZ %_, 549; Dulk et al, AA 88, 218). 

Type II - IV bursts 

Type II bursts have been detected in the interplanetary medium (Boischot 
et al, SP .65, 397; Cane et al, BAAS JL2_, 546). Theories on type II bursts have 
been confronted with observations (Dryer and Maxwell, ApJ 231, 945; Sawant et 
al, SID, 257). The development of current instability in the front of magne-
tohydrodynamic shock which excites plasma waves, has been studied (Lebedev, 
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AZ _56_, 84). The emergence of a strong magnetic field can be at the origin of 
the shock production (Lebedev, AZ j>7_, 113) • Prom the association between 
coronal transients and type II-IV bursts, the coronal physical parameters 
can be deduced (Gergely et al, ApJ '230, 575; Dulk, EPS, 419 5 Stewart, SID, 
333; Wagner et al, ApJ L244, L123). Estimation of the magnetic field strength 
has been also derived from the interpretation of type II (Karlicky and Tla-
micha, BAC 2°_i 246) or type IV bursts (Bhonsle and Degaonkar, SP _68, 339). 

The spectral shape of type IV bursts has been interpreted (Li et al, 
AAS J0_> 153). Kai, SP 61, 187, has made a statistical study of moving type 
IV.bursts. Type IV emissions with a brightness temperature above 10 K or 
10 K have been observed (Duncan et al, SID, 381). The existence of multi-
-stage particle acceleration can explain the type IV metric continua (Schind-
ler, AA j[3_, 240). Quasi periodic modulation in type IV bursts has been ana
lysed and has been considered as a symptom of the electron acceleration pro
cess (Pracka and Karlicky, BAC _3_0., 257; Trottet et al, AA 72., 164). 

Pulsating structure has been found to occur in the development of moving 
type IV bursts (Pick and Trottet, SP .60, 353; Trottet et al, AA 92, 129). 
A new class of drifting spikes was identified (Elgaroy and Sveen, N 278, 626). 
Papers have dealed with the classification (Bernold, AASup 42, 43) and theory 
of fine structure in solar continuum emission (Kuijpers, EPS, 341; Benz, ApJ 
240. 892; Pormichev and Painshtein, SP 7T» 385; Bardakov et al, PAZ _4, 272; 
Yao, AAS .21, 272). 

Noise storms and type I bursts 

Theories on type I burst emission has been developed (Yin and Ma, SS 22, 
441; Benz and Wentzel, AA 9±, 100; Melrose, SP .67, 357). To explain digitally 
recorded observations, a model for type I burst and continuum generation has 
been proposed (Kattenberg et al, EPS, 259). Interaction between a shock wave 
and a noise storm source has been found (Korolev et al, AZ _56_, 387). Sta
tistical analyses of noise storms have been presented (Suk, BAC J!0_, 274; 
Gnezdilov, SDB J79_, 82). An analysis of pulsations in a meter noise storm has 
been undertaken (Podstrigach et al, AZ _5£, 867). Pine structure in fast drift 
storm bursts has been detected (McConnell and Ellis, SP _69_, 161). 

The scattering by coronal density fluctuations has been discussed in 
connection with observations of very small bursts (0.7') (Kerdraon, AA TX* 
266). 

8. CORONA 
(V.E. Stepanov) 

The Corona of Active Regions 

Schmahl (RPS, 71) generalized the data on the structure of the lower 
corona above AR's, using EUV, X-ray, and centimeter observations. X-ray data 
are dominared by hot discrete structures with T ? 2 10 K. Arcades of loops are 
observed,above H„=0 lines. There is no unambiguous correspondence between cool 
(T< 2 10 K) and hot structure. Using 20 limb passages of AR's, Mosher (SP 64, 
109) showed that the X-ray emission in the range 1 to 4 keV is by 90% con
centrated below 57000 km and by 50% below 20000 km. Using^Skylab data, Cheng 
et al (SP j>7, 259) found that in the range 5 105<5T <3 10 K the AR loops are 
divided into two groups. Hot loops with Tv 2-3 10 K are compact and closely 
adjacent formations. They are most stable than relatively cool loops with 
T* 2-3 K T - 1 10 K. Cheng (Ap J 238, 743) identifies a third group of for
mations observed in HeTT - these are ribbon-like features, being the tops of 
loop arcades of the first group. Webb and Zirin (SP .6J3., 99) made a more 
thorough study of AR structure. They identified in AR s five different 
structures of loops, including loops interconnecting AR's, and confirmed the 
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conc lus ion of Moore e t a l (SF) t h a t convec t ion of m a t t e r i n a loop proceeds 
due t o v a r i a t i o n s of s t r o n g f i e l d s and chromospheric h e a t i n g a t loop t o p s . 
Kundu and Yelusamy (Ap J 240, 63)» wi th t h e a i d of VLA d e t e c t e d a l o o p - l i k e 
s t r u c t u r e , connec t ing two l a r g e sunspo t s of oppos i t e p o l a r i t y . AR McMath 
12690 i n t h e range / , / . 1600 - 1940 A was s t u d i e d by Mariska e t a l (Ap J 240 . 

) . They showed t h a t t h e emiss ion measure a t T 7 10 K f o r a l l p a r t s of 
t h e AR i s t h e same but v a r i e s over 7 10 £ T - 2 . 5 10 K w i t h i n two o r d e r s of 
magn i tude . 

Energy Balance and Heat ing Mechanisms 

Using s p e c t r a l l i n e s i n EOT and X - r a y s , Levine and Pye (SP _66, 39) de 
te rmined t h e emiss ion measure and r a d i a t i v e l o s s e s i n AR s i n t h e range 
1056 Te^ 5 10 K, which turned out to be 3 104 cm"° and 4 10 erg/sec, 
respectively. 

Glencross (AA _83_, 65) studied energy balance in arch-like structure of 
small size. To describe loop-like structures Vesecky et al (Ap J 233, 987) 
used a quasi-stationary model, based on balance of mechanical energy, due to 
the loss by radiation and as a consequence of heat conduction. Gravitation, 
variability of the loop cross-section, and other factors were taken into 
account. Roberts and Webb (SP _64, 77; SP _68, 87) considered the wave pro
pagation in a magnetic field tube, surrounded by a non-isothermic atmosphere. 
Radiative losses cause the phase velocity to decrease and the waves, whose 
frequency is greater than the adiabatic one, to damp. Smith and Auer (Ap J 
238, 1126) studied thermal models for the appearance of hard X-rays in an 
arch with an exponential density distribution, impulsive heating occurring 
at the top of this arch. Zweibel (SP _66_, 305) and Habbal et al (SP _6_4_, 287) 
studied the heating of the corona through dissipation of fast mode waves. 
I t is shown (Zweobel, SP _6J), 305) that the most probable condition for in
stability onset is the condensation perpendicular to field lines. The authors 
i l lustrate the possible heating of a coronal loop, if the wave flux energy 
density at the base of the corona is of the order 10 erg cm sec 

Hollweg (SP _70» 25) has examined the Alfven wave propagation in closed 
and open magnetic tubes. He showed that "higher frequency" waves (with .. 
P<500 sec) are able to transfer an energy of the order of 10 erg cm sec 
Levine (AZ _56_, 1286) studied the heating mechanism of the corona above AR's 
through dissipation of the turbulence excited by fluxes of energetic electrons. 
Melrose (AUP 33., 121) showed that plasma emission on basic frequency results 
from transformation of Langmuir waves into ordinary waves. Coronal generation 
of waves originating from the turbulence in prominences, and the coronal 
heating above the transition zone were examined by van Tend (SP _6£, 29), 
Gargill and Priest (SP _65_, 251) studied isothermic and adiabatic flows in a 
coronal loop having a symmetric and asymmetric shape. A wide range of motions 
have been established: both with a subsonic velocity, and shock waves. Noci 
(SP _69_, 63) dealt with siphon streams in arches with a subsonic and super
sonic velocities and identified emission in i. 625 A Mg_ and K. 499 A Si„TT. 
From EUV lines Lites (SP _6§, 327) found that in the transition zone above 
many sunspots, the gas rises with a velocity of 20 km/sec. Egan and Schnee-
berger (SP _§£, 223) from the X. 5303 A FeT_v line revealed both oscillations 
with a period of 6.1 - 0.6 min and with an amplitude of 4-0 - 0.35 km/sec. 
The amplitude enhances with altitude above the limb. Sylwester et al (SP 
67, 285) proposed a new method of calculating the temperature from line 
intensities measured in X-rays. Zheleznyakov and Zlotnik (SP _68, 317; AZ 57, 
778; AZ _57_, 1038) calculated models of solar microwave radio emission 
(magnetic arches with hot electrons, regions of non-monotonic height varia
tion of a magnetic field, current sheets, X-ray nuclei), the frequency 
spectrum of which may contain cyclotron lines. 
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Coronal Streamers 

Dollfus and Mouradian (SP _70_, 3) inves t iga ted , using movie pic tures 
taken on board a balloon, the s t ruc ture of coronal streamers at distances 
2 - 5 S. • Deformation of s t ruc tures with ra tes not^exceeding 10 km/sec was 
found. Three streamers were sloping towards corona's ro ta t ion which i s 
evidence for the presence of zonal flows in the di rect ion of solar r o t a t i o n . 
Poland and McQueen (SP _71., 361) observed during five so la r ro ta t ions a large 
coronal streamer. In contrast to previous observations, the streamer was not 
associated with any formation. The authors an t i c ipa te tha t i t i s associated 
with large-scale photospheric f i e l d s . With an increase in brightness and 
density of the streamer, magnetic flux i s decreased. Gubchenko (EP) showed 
that the plasma flow in the streamer reduces the range of unstable wavenum-
bers , suppresses the growth rate and leads to a phase veloci ty in the 
tea t ing mode. 

Coronal Magnetic Fields 

Pneuman et a l (SP _59_,313) calculated the global magnetic f i e l d , using 
the theory of potent ia l f i e l d . A comparison i s made of bright regions in the 
K-corona with the calculated closed magnetic f i e l d s . At 1.8 R a l t i t u d e , 
there i s good agreement with the observat ions. However, one pr incipal dif
ference i s revealed that coronal s t ruc tures seem to be contracted towards 
the equator to form a narrow low-lat i tude band. One of the reasons for t h i s 
phenomenon i s the neglect of coronal cu r ren t s . The same conclusion was 
reached by Mordvinov and Kovalenko (IGAFS _4§_, 41) in calculat ing magnetic 
f i e lds near AR's. Baum et a l (SP _62_, 53) proposed a new approach to the 
analysis of magnetograms which i s i l l u s t r a t e d with a highly symmetrized 
example tha t permits in tegra t ion in closed form. The proposed approach 
exploi ts the c e l l u l a r s t ructure of the flux of f i e l d l i nes present in a 
complex AR. The computer r e s u l t s show that the separa t r ix has the form of 
two in te r sec t ing ovoids, defining four f lux c e l l s . The two neutra l points 
(B = 0) which appear at the photospheric ends of the separator have the 
mixed radial-hyperbol ic form, a feature requir ing every f i e l d l ine lying 
on the separa t r ix to connext with at l e a s t one of the two neu t ra l points 
Baum and Bratenahl (SP j>7_, 245). 

Simple ana ly t ic models for the passive evaluation of arcade-l ine magnetic 
f i e lds through a se r ies of force-free equ i l ib r i a are presented by Pr ies t and 
Milna (SP _£5_, 315) • A solut ion to the force-free f i e ld equations, of separable 
form, i s discovered and i t i s pointed out that the existence of shear in a 
magnetic f i e l d does not preclude i t from being p o t e n t i a l . 

Sakurai (SP _69_, 343) applied a numerical method for solving the force-
-free magnetic f i e l d equation with a variable e< . Poulain (SP _7_9_» 229) ca l 
culated the in t ens i ty gradient in X 5303 A under different assumptions about 
the magnetic s t ruc ture of the corona. I t i s shown that the material in the 
corona i s enclosed bas ica l ly in the lower parts of very high loops or in 
open s t ruc tures for sub,-region I I and in low arches in sub-region I . Pr ies t 
and Smith (SP _64_, 267) discuss temperature and density s t ruc tures of loop 
arcades with a force-free magnetic f i e l d . They examined the formation of a 
prominence in the corona. The mater ia l of the prominence i s drawn in from 
the underlying l aye r s . Hood and Pr ies t (AA 87.. 126) invest igated the thermal 
i n s t a b i l i t y of s t a t i c models of coronal loops. The conditions of i n s t a b i l i t y 
depend strongly upon the se lect ion of boundary conditions and l i t t l e upon 
the form of the heating function. Gelfreikh and Lubishev (AZ _5_6, 262), 
Akhmedova and Ryabov (SDB 80, 85) and Ryabov (RSRS 12, 44) invest igated the 
s t ruc tures of magnetic f i e l d s and other sources of magneto-bremsstrahlung. 
Bhonsle and Degaonkar (SP _68_, 339) reported on one attempt based on the 
observation of the Razin effect in decameter continuum burst to deduce 
coronal magnetic f i e l d . The magnitude of f i e ld around 2 Rft from the Sun 
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center works out to be about 6 G. 

Evolution of Magnetic Structures 

Dynamics and evolution of coronal s t ruc tures of AR's from EOT and X-ray 
observations were invest igated by Sheeley (SP _66, 79) . At T ~ 0 . 5 10TC the 
emission i s concentrated in separate spiky s t ruc tu re s , whose l i fet ime i s 
Zf 30 min. At T *10 K, the s t ruc tures appear l ike loops and more diffuse 
spikes, with t" *> 1.5 hr while at T v 2 10 K the emission or ig inates from 
loop-diffuse fea tu res , covering the en t i r e AR. The l i fe t ime of individual 
features i s v 6 h r , and that of the whole system several days and more. 
The s t ructure and evolution of a br ight area in soft X-rays in a small AR 
was invest igated by Sheeley and Golub (SP _6_3_, 119). The area was resolved 
in to 2-3 miniature loops, which rapidly evolved and were replaced. The 
l i fet ime of one loop was ^ 6 . Howard et a l (SP (£., 105) showed that bright 
areas in X-rays associated with evolving AR's, a r i se on chromospheric ce l l 
boundaries. 

Somov and Syrovatskii (PAZ _6, 592) showed the possible formation in 
AR s of cool dense loops due to radia t ive losses in a current sheet and on
set of a thermal i n s t a b i l i t y . 

Numerical ca lcula t ions carr ied out by Kral l and Antiochas (Ap J 242, 
347) showed that s ignif icant var ia t ions in the heating in t ens i ty of loops 
a r i se when mass and energy interchange with underlying atmospheric l e v e l s . 

Transients 

a. Observations 
MacQueen (PTRSL A 297. 605) gives a review of the main propert ies of 

t r ans i en t s observed on Skylab and with the High Alt i tude Observatory coro-
nagraph. The basic types of t rans ien t are moving and expanding loops (1/3 
of a l l cases) and clouds (1/4 of a l l cases) . The mean veloci ty of t r ans i en t s 
associated with f l a r e s i s 775 km/sec, while that associated with prominences 
330 km/sec. These formations are in ,acce le ra ted motion on the average as fa r 
as 2 R . The k ine t ic energy i s 7.10 erg which i s comparable with the 
energy of a f l a r e . However, Wagner et a l (Ap J L244. 1123) observed on 
April 7, 1980 a huge loop-shaped t rans ien t with nonradial motions. The 
authors found that the moving radio source of the IV type coincided with 
or was located very closely to the t r a n s i e n t . Combination of the data 
permitted the determination of thermal, mechanical and magnetic energy. 
A puzzling resu l t was obtained: the mechanical energy of the t rans ien t i s 
more than an order of magnitude the t o t a l energy of emission in a f l a re 
while the magnetic energy of the t rans ient i s s t i l l g r e a t e r . As shown by 
Munro et a l (SP _61, 201), and McQueen (PTRSL A 297, 605) 40% of t r ans ien t s 
are associated with f l a r e s , 50% only with eruptive prominences and 7u% with 
eruptive prominences and disappearance of filaments (with f l a r e s or without 
f l a r e s ) . Among the t r ans i en t s studied by Munro Trot te t and McQueen (SP 68, 
177) ident i f ied a group of t r ans ien t s which are associated with f i laments , 
the axis of which i s oriented in the N-S d i r ec t ion . The observations carr ied 
out by Poland et a l (SP 69, 169) showed that s ix well-defined t r ans ien t s had 
masses ranging from 7.10 g to 2.10 g and ve loc i t i e s from 150 km/sec to 
900 km/sec. I t i s expected that near the so la r maximum they occur in a wider 
l a t i tude range (from 5° to 80°) . Sheeley et a l (Ap J L238, LI61) reported 
observations of a h igh- la t i tude t rans ient on P78-I associated with the 
eruption of a polar prominence. 

House et a l (Ap J L2_44, L117) observed on SMM 22 t r ans i en t s during 
52 days. For the f i r s t time they observed: emission in H-alpha in the outer 
corona and emission in Pe XIV at a distance of 3.2 Rft. These authors also 
believe that during the so lar maximum t r ans i en t s occur more frequently than 
during solar a c t i v i t y dec l ine . Anzer and Poland (SP _61L, 95) invest igated 
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temporal variations of density and mass per unit length of the transient. 
During 0. 5 - 1» 0 the mass and density gradually increase and afterwards 
decrease, taking approximately the same time. Consequently, the transient 
lifetime seems to be 1 - 2 . 

A classification with respect to the character of radio emission has been 
proposed by Dulk (RPS). He found slow transients with V< 400 km/sec with no 
attendant radio bursts but manifest themselves in an enhancement of the level 
of thermal radio emission, transients with 400<v<1000 km/sec with concurrent 
II and IV type bursts and very fast transients with v>1000 km/sec associated 
with power flares. 

b. Interpretation 
Van Tend (SP _6l, 89) continued developing the model of Anzer (SP _59_, 111) 

with inclusion of the initial stage of development of the transient associated 
with prominence destabilization. 

The interrelation between transients and eruptive prominences is used by 
Pneuman (SP _6£, 369) to construct a model of this phenomenon. Solution of a 
relevant MHD equation yielded time variation, velocities, densities and 
magnetic fields. In the vicinity of the Sun, the velocity increases abruptly 
and afterwards takes on at a high rate a nearly constant value. Gas-dynamical 
plasma motion in a strong magnetic field with due regard for the impulsive 
heating by energetic electrons was treated by Somov et al (Tff 110, 73; S KAPG). 
It was found that the evaporation of the upper part of the chromosphere up
wards into the corona proceeds at a rate of about 1500 km/sec. 

9. SOLAR WIND AND SOLAR-TERRESTRIAL RELATIONSHIPS 
(M. Dryer) 

(a) STIP Activities and Plans 
Important observations of the sun, solar wind, and the latter's inter

action with the terrestrial and distant planets have been obtained since the 
last report by Pioneers 10 and 11 (the latter also referred to as Pioneer-
Saturn), Voyagers 1 and 2, Pioneer-Venus-Orbiter (often referred to as 
Pioneer 12), Veneras 11 and 12, Prognoz-8, ISEE-3, P78-1, Solar Maximum 
Mission and Helios 1 and 2. Each of these missions has contributed essential 
parts of the scientific puzzle posed by the interplanetary "transmission 
line". Much of these results continue to be published by the project teams 
in the literature. Also, a continuing effort to engage in open dialogue on 
these topics amongst a wider cross-section of the scientific community has 
been undertaken by the SCOSTEP project Study of Travelling Interplanetary 
Phenomena (STIP) in collaboration with Commission 10, COSPAR, IUPAP, and IAGA. 
Thus, STIP continues to operate on an informal basis with an interdisciplinary 
and international forum that is open to all scientists interested in this 
research. 

The most recent account of STIP activities at this writing (October 1981) 
is given by Dryer and Shea (STIP NL 11). Described therein are the plans for 
publication of several STIP Symposia in Australia and Czechoslovakia (respect
ively: Symposium on Solar Radio Astronomy, Interplanetary Scintillation, and 
Coordination with Spacecraft, Narrabri, N.S.W., 1979 November 28-30; and 
Symposium on Shock Waves in the Solar Corona and Interplanetary Space, Smole-
nice, 1980 June 15-19). The Proceedings will be published (respectively) by 
Air Force Geophysics Laboratory (Bedford, Mass., USA) and by Space Science 
Reviews. A major activity of STIP is its intensive involvement in the Solar 
Maximum Year. Preliminary results are given in the Proceedings of the Crimean 
SMY Workshop (Obridko and Ivanov, Eds.) held in Simferopol, Crimea, USSR, 
in 1981 March 24-28. 

STIP NL 11 provided preliminary details on solar-interplanetary events 
that were studied in still greater detail at the SMY Workshop in Annecy, 
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Prance, 1931 October 26-31, and planned for another STIP Workshop on various 
outstanding In te rva l s and Events at Maynooth, I r e l and , on 4-6 August 1982. The 
SMY/STIP events described below were chosen on the bas i s of preliminary so lar 
and in terp lanetary (or , more accura te ly , lower corona) events which indicated 
cause-and-effect d iagnost ics . In a few cases , some preliminary shock data from 
Hel ios , ISEE-3, and Pioneer-Venus were used to make preliminary assessments 
of the "transmission l i n e " . 

The f i r s t set of SMY/STIP Events (No. 1 coordinated by S. Kane, Univ. of 
Cal i fornia , Berkeley) i s an example of the ra t ionale u t i l i z e d to choose a 
"transmission l ine" candidate that w i l l , hopefully, f i l l the gaps in our 
s c i e n t i f i c understanding. F i r s t , i t should be noted that the SMY s ta r t ed with 
STIP In te rva l VII (1979 August-September). On 1979 August 14, 1243 UT, a 
f l a r e occurred at S22 E73 • ISEE-3 measured X-rays that were correlated with 
the microwave bu r s t , P78-1 detected a white- l ight coronal t r a n s i e n t . The 
JPL Deep Space Net 's measured signals to and from Pioneer 11 , Pioneer-Venus, 
and Voyagers 1 and 2 also indicated (Croft, AFGLR, in press) passage of a 
coronal t r a n s i e n t . The Toyokawa Observatory detected high speed solar wind 
with the in te rp lane tary s c i n t i l l a t i o n (IPS) technique. Several days l a t e r 
(1979 August 18) , a s imi lar scenar io , with va r i a t i ons , took place . At 1420 
UT, another f l a re took place a t or near the east limb (N09 E90 ) . Harvard's 
Radio Observatory detected a Type I I shock wave. The Deep Space Net 's s ignals 
to Voyager 1 detected a shock wave t r ave l l i ng at 3500 km/sec a t 13 so lar 
radio (woo and Armstrong, N 292, 608). P78-1 again detected a white l ight 
t r a n s i e n t . ISEE-3 s radiometer detected the Type I I shock from the lower 
corona throughout the in te rp lane tary medium u n t i l i t impacted the spacecraft 
where i t was confirmed via the omboard magnetometer and so la r wind plasma 
probe. The IPS observations (again) detected high speed so la r wind pr ior to 
the shock's a r r i v a l at Earth where i t was detected by IMP-8. 

Other SMY/STIP Events that are believed to have some features in common 
with Event No. 1 are as follows: (a) Event No. 2, 1980 April 4 (and succeeding 
days), Coordinator i s M. Pesses , NASA Goddardj (b) Event No. 3 , 1980 April 
12 ( e t c . ) , Coordinator i s C. Sawyer, NCAR/HAO; (c) Event No. 4, 1980 April 
27 ( e t c . ) , Coordinator i s R. Stewart, CSIRO/Culgoora; (d) Event No. 5, 1980 
June 27 ( e t c . ) , Coordinator i s S. McKenna-Lawlor, S t . P a t r i c k ' s College/ 
Maynooth. In addit ion to these events , the STIP Organizing Committee has also 
continued i t s practice of declaring more extended STIP In t e rva l s when suf
f i c ien t i n t e re s t i s forthcoming. Thus, STIP INTERVAL VIII (1979 October 15 -
December 19) was declared, with H. Sawant, INPE) Sao Paulo, as Coordinator. 
INTERVALS IX - XI, also during the SMY, are described in more de t a i l ( in
sofar as the spacecraft "cons te l l a t ions" are concerned) by Dryer and Shea, 
STIP NL 1 1 . Also, an important post-SMY STIP INTERVAL XII (1981 April 10 -
June 21) was declared, with three coordinators (due to the extensive solar 
and in te rp lane tary a c t i v i t y ) as follows: T. Gergely, Univ. of Maryland/College 
Park, O.L. Vaisberg, IKI/Moscow, and G. Zastenker, IKI/Moscow. Reports on a l l 
of these SMY/STIP events and Si'IP In t e rva l s were presented at the SMY Work

shop in Annecy. Other Events were also discussed for potent ia l addition to 
the above-numbered 1-5. Future STIP In te rva l s (including the epoch during 
the Comet Halley encounter in 1985-86) were also discussed for future de
c l a r a t i on . 

(b) Solar Wind and So la r -Ter re s t r i a l Relationships 
Several noteworthy IAU Symposia (86 on Radio Physics of the Sun (RPS), 

and 91 on Solar and In terp lanetary Dynamics (SID)) were held in August 1979 
to address many of the s c i e n t i f i c questions associated with t h i s t op i c . 
The associat ion of white l igh t t r ans i en t s and radio burs ts during the Skylab 
period were reviewed by Dulk (RPS, 419) who compared observational estimates 
of k ine t i c po ten t i a l , and magnetic enrgies resident within a t r a n s i e n t . 
Anzer (SID, 263) summarized some of the various proposed models for t r an 
s ien ts including se l f -prpe l led loops, reconnection-driven loops, and time-
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-dependent MHD (continuum models). The f i r s t model appears to be in e r ro r as 
pointed out by Yeh and Dryer (Ap J 245. 704), who note that the self-induced 
magnetic force on a loop wi l l cause only contract ion or expansion, not 
t r ans l a t iona l motion of the loop. The second model (Pneuman, SID, 317) pheno-
menologically t r e a t s the unbalanced magnetic gradient around a loop by hypo
thesizing addi t ional f lux t r ans f e r , below the loop, as a resu l t of reconnec-
t i on . The th i rd model (Wu, SID, 448) i s a two-dimensional treatment in which 
f ini te-ampli tude waves (including mass motion and shock waves) are produced 
by thermal and/or magnetic per turba t ions . These perturbat ions (or pulses) 
that represent unspecified k ine t ic processes are input numerically in the 
c lass ica l in i t ia l -boundary value problem. Kuperus (SID, 547) noted that the 
l a t t e r calculat ions ought to be made in: (a) three dimensions using (b) 
k ine t ic theory in order " to give fu l l credi t to a l l possible wave modes and 
in t e r ac t ions . " The f i r s t suggestion has since been addressed, via a non-
-planar approach (2D, wi l l a l l three components of magnetic f i e ld and bulk 
motion veloci ty) by Nakagawa et a l (Ap J 244, 331). Kuperus' second suggestion 
has also been considered (in pa r t , for s t e l l a r / s o l a r winds) by Cuperman et a l 
(Ap J 239. 345; Ap J , in press) who derived higher moment equations for 
multi-component, non-equilibrium, spherically-symmetric plasma systems with 
nonzero r e l a t ive flow ve loc i t i e s and skewing of veloci ty d i s t r ibu t ion 
functions in the Fokker-Planck formalism. Also, Wu (SID, 443) discussed the 
hierarchy of solut ions ranging from continuum toward hybrid f l u id -k ine t i c 
treatments that would also address Kuperus second concern. 

The "pulses" referred to above have been addressed via the f lu id t r e a t 
ment within the chromosphere by Syrovatskii and Somov (SID, 491) and discussed 
in more de t a i l by Sermulina e t a l (SID, 491). The l a t t e r conclude that im
pulsive heating (as discussed by Wu (SID, 443) for the coronal t rans ien t MHD 
model) can be produced by non-thermal electrons as well as by heat conductive 
fluxes ( i . e . , by the thermal model discussed elsewhere in t h i s Report) . 

Meanwhile, the search for defining the so la r / in te rp lane ta ry "transmission 
l ine" i s continuing. More radio (Stewart, SID, 333; Stone, KPS, 419), white 
l igh t (McQueen, PTRSL A 297, 605; Michels et a l , SID, j87 and House et a l , 
Ap J L24_4, LH7) , and in terp lanetary ( I n t r i l i g a t o r , SID, 357; Burlaga et a l , 
JGR _85, 2227; Smith et a l , JGR _86, 6773; Diiston et a l , JGR _86, 525; Richter 
et a l , JGR, in press) observations continue to add addi t ional knowledge to 
the f i e ld of solar wind and s o l a r - t e r r e s t r i a l r e l a t i o n s h i p s . 

A recent area of i n t e r e s t has been the l a t i t u d i n a l propert ies of the 
solar wind. Complementing the remote sensing of so lar wind veloci ty by the 
IPS technique (Kakinuma, STIP, 101) are more recent in s i t u measurements 
(Rhodes and Smith, JGR, in press) of the interplanetax'y magnetic f i e l d out-
-of-the e c l i p t i c . Their r e s u l t s c lear ly show the warped current sheet that 
was hypothesized in e a r l i e r s t ud i e s . Indeed, i t has been suggested, via t i l t e d 
hel iospheric coordinate in te rac t ions and associa t ions with solar surface 
magnetogram observations (Zhao and Hundhausen, JGR _86_, 5423; and Hakamada 
and Akasofu, SSR, in p re s s ) , that the organization of l a t i t u d i n a l propert ies 
may be b e t t e r served by employing the heliomagnetic equator ( ra ther than the 
e c l i p t i c or solar equator ia l plane) as the appropriate plane of symmetry in 
the hel iosphere . 

F ina l ly , a word regarding the coupling between the so lar wind and the 
magnetosphere (Earth, say) i s worth mentioning not only because of i t s 
i n t r i n s i c s c i en t i f i c i n t e r e s t , but p rac t i ca l relevance as wel l . Akasofu (SSR 
£ 8 , 121) has reviewed a l l of the proposed empirical so la r wind indices that 
appear, from a s t a t i s t i c a l s tandpoint , to be relevant to auroral and geo
magnetic storm a c t i v i t y . In a separate theo re t i ca l approach, Yeh et a l 
(PSS J9_, 425) note that the s t r e s ses between the so la r wind and the magneto-
spheric t a i l are probably responsible , dynamo-like, for the coupling of so lar 
wind energy in to the Ear th ' s magnetosphere. Akasofu (SSR £ 8 , 121) also points 
out that suff ic ient knowledge of "input" so lar boundary conditions (mathe
matically expressed again as an in i t ia l -boundary value problem) can, together 
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with sufficient knowledge of the solar wind and its magnetic topology, provide 
"output" parameters of the solar wind (at Earth, say) that may be used empi
rically (and supported theoretically as noted above) to explain solar-inter
planetary medium-magnetosphere relationships. 

10. GROUND BASED OPTICAL SOLAR INSTRUMENTATIONS 
(R.J. Bray) 

A. New Telescopes 

Nakai (JFS, 275) has described the new domeless tower telescope (Zeiss, 
Oberkochen) at Hida Observatory, Japan, with particular reference to methods 
of eliminating telescope heating and local seeing. Test observations in 1979 
showed a resolution of 0.3-0.5 arc sec. 

Progress in establishing European telescopes in the Canary Islands by 
the Joint Organization for Solar Observations has been reported by Stenflo 
(OW). Germany is operating 40 cm and 45 cm vacuum test telescopes at Izana 
(Tenerife) and Roque de los Muchachos (La Palma) and is setting up a 60 cm 
vacuum tower telescope at Izana (Kiepenheuer Institute). Gottingen will be 
moving its Locarno facilities (Wiehr et al, SP _68, 207) to Izana, while Meudon 
plans a 60 cm polarization-free telescope for La Palma. The Swedish Capri 
Observatory has been transferred to Fuente Nueva (La Palma). Constructional 
details of some of these telescopes are to be found in J0S0. 

Two new telescope embodying the concept of an open telescope and 
tower pioneered by the 30 cm refractor at Culgoora are a 45 cm Cassegrain at 
Utrecht (Hammerschlang and Rutten, OMA 106, 115), destined for the Canaries, 
and a 50 cm Cassegrain in the East Pamir (Pulkovo) (Parfinenko and Mikhalev, 
SDB _8, 92). This concept achieves high spatial resolution at a much lower 
cost than the vacuum tower design. 

A J0S0 working group is studying the feasibility of a Large European 
Solar Telescope (LEST) in the 200-250 cm range? an initial report has been 
prepared by Engvold and Hefter (SP0W). Under consideration are vacuum and 
helium-filled tubes as well as an 'open' telescope based on experience to be 
obtained with the Dutch instrument. 

At Ondrejov two 50 cm horizontal telescopes by VEB C. Zeiss Jena have 
been installed, with a third to follow in 1982 (Bumba, private communication). 
Two further such instruments, described by Gutcke (JR_2£, 32) and Ambroz et 
al (PSP _14_, 107), are under construction for other institutes in Czechoslova
kia. All mirrors are made from a Soviet ceramic material called Sital. The 
large vacuum tower telescope ordered from VEB C. Zeiss Jena several years ago 
has been postponed owing to funding difficulties. 

The 90 cm and 45 cm tower telescopes at the Crimea have been reconstructed 
and a new 50 cm coronagraph has been built (Severny, private communication). 

A new double-tube chromospheric/photospheric telescope made by the Nanjing 
Astronomical Instrument Factory has been installed at the Shaho station of 
Beijing (Peking) Observatory. Under construction at the Nanjing Factory is a 
35 cm refractor specifically designed for magnetic field measurements, employ
ing a birefringent filter and either photographic or video processing. Ninety 
per cent of the optical path is in vacuo. The telescope will be mounted on 
a 20 m tower located on a peninsula in a Beijing suburban reservoir (Wang 
Jia-long, private communication). A 33 cm tower telescope was built for Nanjing 
University in 1979. 

At Lake Baikal, SiblZMIR (Irkutsk) expects to start trial observations 
with their 76 cm vacuum telescope in the summer of 1981 (Smolkov, private 
communication). The same Institute has constructed a 'Solar Telescope for 
Operative Prediction' which incorporates a magnetograph and spectroheliograph 
and can also measure the apparent overall field of the Sun as a star with a 
sensitivity of 0.1 gauss. Further instrumental developments at SiblZMIR are 
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described in vo l s . 45, 47, 49 and 52 of IGAFS. 

B. Stokes Polarimeters and Magnetographs 

The HAO/SPO Stokes Polarimeter mounted on the 40 cm coronagraph at 
Sacramento Peak was extensively modified and improved, pr inc ipa l ly by rep la
cing the photomultipliers by 128 element s i l i con photodiode arrays (Baur et 
a l , SP _65, 111; _70_, 395). This gave a speed increase of 50, but observations 
of vector f i e lds were subsequently terminated by f inanc ia l s t r ingency. 
However, the detectors and associated readout e lec t ron ics have now been 
i n s t a l l ed in the University of Hawaii polarimeter a t Haleakala (Mickey, 
private communication). 

Two new polarimeters are in service at Ki t t Peak: a f u l l Stokes system 
on the McMath te lescope , and an accessory to the 1 m Fourier Transform 
Spectrometer. The l a t t e r permits simultaneous observation of 3 Stokes para
meters over broad wavelength regions in the range UV to 2,2 p (Harvey, 
private communication). Baur et a l ( l o c . c i t . ) have l i s t e d other photo
e l e c t r i c polarimeters around the world. 

The new magnetograph at Meudon has been described by Rayrole (JFS, 258). 
A number of magnetographs have been upgraded and modernized including that 
of the 46 m tower a t the Mt. Wilson (Howard, private communication), Ondrejov 
(Bumba and Klvaiia, PSP _14» 95) , and the Babcock and 512 channel instruments 
at Kitt Peak (Harvey, private communication). 

C. Miscellaneous 

High resolut ion photography of the photosphere a t the Pic-du-Midi 
continues to be outstandingly successful with the 50 cm objective i n s t a l l ed 
in the Turret Dome. This telescope has now been equipped with a spectrograph 
designed at Meudon for s tudies of photospheric and chromospheric fine 
s t ruc tures (Mouradian et a l , JFS, 271). The s ta tus of the coronal equipment 
has been outlined by Rosch ( ib id , 269) . 

At Mt. Wilson (18 m tower) a Charge In jec t ion Device camera has been 
i n s t a l l e d for observing the p-mode o sc i l l a t i ons (Howard, private communica
t ion) . 

Harvey (OMA 106, 228) has outl ined long-range plans for the improvement 
of the major f a c i l i t i e s at Kit t Peak. Despite budget cutbacks, KPNO plans 
to continue to provide s t a t e -o f - t he - a r t auxi l ia ry equipment for observing 
and data handling. The Fourier Transform Spectrometer, now in use , has been 
described by Brault (OMA 106, 33) . This instrument has a maximum path 
length of 1 m and a spec t ra l resolu t ion comparable with or exceeding tha t 
of a large conventional grat ing spectrograph. 

T i t l e and Ramsey (AO _19_, 2046) have described an improved birefr ingent 
element incorporating a wide f i e ld so l id Michelson interferometer . A f i l t e r 
made of such elements offers great ly reduced s e n s i t i v i t y of wavelength to 
temperature. Other improvements to f i l t e r s are discussed by leroy (JFS, 288). 
The Universal Birefringent F i l t e r a t Sacramento Peak has been extensively 
upgraded by replacing the or ig ina l e l e c t ron i c , mechanical and thermal sub
systems. 

Another development at SPO i s a new type of veloci ty meter, cal led a 
Fourier Tachometer'(Beckers and Brown, OMA 106, 189), designed to measure 

ve loc i t i e s with an accuracy of a few meters per second. A special ized i n s t r u 
ment has been constructed to observe from the South Pole long-period o s c i l 
la t ions in the so lar limb darkening (SPOW, 390). SPO continues development 
of two-dimensional CCD arrays fo r a var ie ty of so lar app l i ca t ions , together 
with associated computer systems; other instrumental advances have been 
described by Cram (SP jj9_, 411). 
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1 1 . THE SOLAR MAXIMUM YEAR 

The S o l a r Maximum Year (SMY), which took: p lace from August 1 , 1979 to 
February 2 8 , 1981 , was des igned a s a p e r i o d around s o l a r maximum f o r a 
world-wide e f f o r t t o o b t a i n c o o r d i n a t e d o b s e r v a t i o n s of s o l a r a c t i v i t y . The 
SMY was organ ized by t h e S c i e n t i f i c Committee f o r S o l a r - T e r r e s t r i a l Phys ics 
(SCOSTEP) around t h r e e e x i s t i n g s t u d i e s , v i z . t h e F l a r e Bu i ld -up Study under 
Dr. Z . S v e s t k a , t h e Study of Energy Release i n F l a r e s under Dr . D. Rust and 
t h e Study of T r a v e l l i n g I n t e r p l a n e t a r y Phenomena under Dr . M. Drye r . Dr . C. 
de J a g e r was t h e SMY chairman and Dr . P . Simon t h e s e c r e t a r y . A l l major , and 
many s m a l l e r , o b s e r v a t o r i e s around t h e wor ld , a s w e l l a s two s a t e l l i t e 
m i s s i o n s ( S o l a r Maximum Miss ion (SMM) and H i n o t o r i ) p a r t i c i p a t e d in the SMY 
e f f o r t . The fo l l owing r e p o r t on t h e SMY was p repa red j o i n t l y by D r s . M. Dryer , 
W. Henze, D. Rus t , Z . S v e s t k a , K. Tanaka, and E . Tandberg-Hanssen. 

The F l a r e Build-Up Study (FBS) 

I n 1980, 67 i n s t i t u t e s of 27 c o u n t r i e s and 6 exper iments on the SMM 
took p a r t i n t h e main FBS program of i n t e n s e s o l a r o b s e r v a t i o n s dur ing s i x 
weeks i n May and June and f o u r weeks i n September and O c t o b e r . During 
s e l e c t e d s h o r t p e r i o d s a l s o t h e g i a n t r a d i o t e l e s c o p e s (VLA, Westerbork , 
Bonn, Owens Va l l ey ) p a r t i c i p a t e d i n t h e FBS ACTIONS ( see t h e FBS/SERF Manual 
e d i t e d by P . Simon, Meudon, F r a n c e ) . 

S o l a r a c t i v i t y was a t h igh l e v e l du r ing t h e May/June 1980 pe r iod and 
7 FBS ACTIONS were d e c l a r e d . The r e l a t i v e l y q u i e t September pe r i od o f fe red 
the o p p o r t u n i t y f o r c o o r d i n a t e d b r i g h t - p o i n t o b s e r v a t i o n s . Three a d d i t i o n a l 
ACTIONS were accompl ished i n Oc tobe r . S ix a c t i v e p e r i o d s (May 20-22 , May 
23 -27 , June 1 2 - 1 3 , June 20-24 , ^June 24-30 and October 2 0 - 2 5 ) , t h e b r i g h t - p o i n t 
d a t a , and two g e n e r a l t o p i c s (Homologous F l a r e s ' and Simple F l a r e s ) were 
s e l e c t e d f o r f u r t h e r s t u d y , and n ine working groups were e s t a b l i s h e d t o s tudy 
t h e s e s e l e c t e d s i t u a t i o n s and t o p i c s . Seven of the WG s met a t G r e e n b e l t , 
MD USA, i n February 1981 and s e v e r a l WG's met i n Crimea, USSR, i n March 1981 . 
P r e l i m i n a r y r e s u l t s were p r e s e n t e d and d i s c u s s e d a t t h e SMY Workshop a t 
Annecy, F r a n c e , i n October 1 9 8 1 . 

The Study of Energy Release i n F l a r e s (SERF) 

Research o b j e c t i v e s f o r SERF were developed a t the Cambridge Workshop 
(Rust and Ems l i e , UAG 72., WDCA). Work focussed on whether t h e primary energy 
r e l e a s e p r o c e s s i s t he rma l o r non the rma l , whether e i t h e r p roces s l e a d s t o an 
a c c e p t a b l e d e s c r i p t i o n of t h e f l a r e a tmosphere , whether f l a r e - a s s o c i a t e d mass 
motions s p r i n g from thermodynamic o r magnet ic f o r c e s , and how a tomic p a r t i c l e s , 
e s p e c i a l l y i o n s , a r e a c c e l e r a t e d . 

C o l l a b o r a t i v e o b s e r v a t i o n s du r ing f i f t e e n SERF " a c t i o n s " y i e l d e d da ta on 
s e v e r a l hundred f l a r e s . Four teams s t u d y i n g SERF problems met a t t h e SMY 
Workshop i n Annecy, F r a n c e , October 1981 and p r e s e n t e d p r e l i m i n a r y r e s u l t s . 
The post -workshop e f f o r t s w i l l be d e s c r i b e d a t t h e SMY Symposium i n Ot tawa. 

The Study of T r a v e l l i n g I n t e r p l a n e t a r y Phenomena (STIP) 

See: 9 . S o l a r Wind and S o l a r - T e r r e s t r i a l R e l a t i o n s h i p s by M. Drye r . 

Obse rva t i ons by H i n o t o r i 

H i n o t o r i (ASTRO-A), the Japanese second astronomy s a t e l l i t e launched by 
t h e I n s t i t u t e of Space and A e r o n a u t i c a l Sc ience of t h e U n i v e r s i t y of Tokyo, 
has been o p e r a t i n g c o n t i n u o u s l y s i n c e February 2 6 , 1981 , o b t a i n i n g e x t e n s i v e 
o b s e r v a t i o n s of s o l a r f l a r e s i n X- rays and j T - r a y s . H i n o t o r i c a r r i e s f i v e 
i n s t r u m e n t s ; v i z . ( l ) h a r d X-ray imaging t e l e s c o p e i n t h e energy range of 
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10-60 keV (SXT). (2) Bragg spectrometers for 1.7-2.0 A (SOX), (3) soft X-ray 
spectrometer for 2-20 keV (FLM)» (4) hard X-ray spectrometer for 17-340 keV 
(HXM), and (5) / ' - ray spectrometer for 240-700 keV (SGR). All the instruments 
monitor the fu l l sun. 

During early operations through July 3 1 , 1981, Hinotori observed 261 
f la res including 13 X-class events . Several large events have been analyzed 
to reveal very compact sources for hard (12-30 keV) X-ray b u r s t s , indica t ing 
high density and suggesting the thick ta rge t origin of the hard X-ray emission. 
On the other hand, a duble-source s t ruc ture with unbalanced i n t e n s i t i e s was 
found in a large X5.5 limb event (April 27) , where the separation between the 
two sources was 1 .2 ' and the sources had dimensions l e s s than 30". After July 
1981 observations with the higher energy ranges (20-40 keV) have been obtained. 

The SOX has obtained many high resolut ion spectra which include emission 
l ines from Fe XIX to Fe XXVI, K« and Kfc (1.75 A). The L^ and s a t e l l i t e s of 
Fe XXVI have been well resolved; t h e i r r a t i o s give electron temperatures 
considerably higher (3-10 mil l ion degrees) than the temperatures derived from 
the Fe XXV p a i r . In some impulsive events one sees i n t ens i t y f luc tua t ions of 
10-20% and temperature f luc tuat ions of up to five mil l ion degrees in corre
spondence with hard X-ray sp ikes . Linear polar iza t ion of about 10% seems 
associated with some of these rapid v a r i a t i o n s . In other,impulsive f l a r e s 
the mean temperature increases s teadi ly from about 15x10 K to 30x10 K in the 
r i s ing phase. The d i f f e ren t i a l emission measure exhib i t s a pronounced peak 
about 20x10 K which sh i f t s to higher temperatures and then returns to lower 
temperatures. l i ne broadening of about 250 km s has been seen before the 
increase of the temperature. 

The soft X-ray spectra in the range of 2-10keV obtained by the FLM have 
given evidence for gradual heating of the f l a re plasma in the r i s ing phase 
of small f l a r e s ; in these spectra the emission l ines from the He-like and 
H-like ions of Ar, Ca, T i , Fe and Ni appear and become enhanced successively 
in t h i s order . The jf-ray spectrometer (SGR) has detected s ignif icant 
emissions of the following l ines Xshown in MeV.) .at l eas t in two events: 
OjSl (e++e"),1g.84 r 4 F e ) , 1.37 ( 4Mg), 1.64 ( 4N or 2 Be), 2.22 (D), 4.44 
( G), 6.14 ( 0 ) . Unidentified emission has been seen at 1.0 MeV. In the 
limb event (April 27) the 2.2 MeV l ine was l e s s intense by an order of magni
tude than the 4.4 MeV l i n e . This supports the photospheric origin of the 
2.2 MeV l i n e . Continuum spectra extending to 7 MeV have been observed; they 
tend to show a break near 1 MeV. 

Solar Maximum Mission (SMM) 

Coronagraph/Polarimeter ( I . L . House, PI ) : The use of an H alpha f i l t e r 
permitted the f i r s t d i rec t observation of H^ -emit t ing material out to 3.7 R«. 
The material was in the form of an eruptive prominence centered within a 
coronal t r a n s c i e n t . No Hj( emission has been observed in the outer loops of 
coronal t r a n s i e n t s , thus confirming previous suggestions that the source of 
material in loop t r ans i en t s i s not the cool prominence. Simultaneous obser
vations of f l a r e - r e l a t e d coronal t r ans i en t s and Type IV radio sources y ie ld 
the resu l t that the magnetic energy density i s much grea te r than the thermal 
and k ine t ic energy dens i t i e s , except possibly in the f a s t e s t leading edge 
where the k ine t ic and magnetic energy dens i t i es may. have been comparable. 

Ul t raviole t Spectrometer and Polarimeter (E. Tandberg-Hanssen, PI ) : Use 
of the polarimeter which can measure the four Stokes parameters has allowed 
the f i r s t observations of the Zeeman effect and i t s associated c i r cu la r 
polar izat ion in the solar u l t r a v i o l e t spectrum below 2000 A. Observations 
in the C IV 1548 A l i n e , formed in the t r a n s i t i o n region at ^ 1 0 K, show 
l ine-of-s ight magnetic f i e ld s t rengths of more than 1000 gauss above the 
umbra of large sunspolrs. Osc i l la t ions in the t r a n s i t i o n region above sunspots 
have also been observed. The amplitude i s a few kilometers per second and the 
periods range from 130 to 190 seconds. Density determinations have been obtained 
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from o b s e r v a t i o n s of t h e S i IV 1403 A and 0 IV 1401 A l ines_. The r a t i o of the 
two l i n e s i s s e n s i t i v e of e l e c t r o n d e n s i t y above /v/5xl0 cm and i s u s e f u l 
f o r a c t i v e r e g i o n and f l a r e s t u d i e s . During f l a r e s , t h e UV b r i g h t e n i n g a t 
i n d i v i d u a l l o c a t i o n s i n t h e f l a r i n g r e g i o n c o r r e l a t e s w e l l wi th i n d i v i d u a l 
s p i k e s i n t h e ha rd Z- ray l i g h t c u r v e . 

Z-Ray Polychromator ( F l a t C r y s t a l Spec t romete r and Bent C r y s t a l S p e c t r o 
me te r ) ( 1 . Acton, L . Culhane and A. G a b r i e l , P i ' s ) : Obse rva t ions of l i n e 
r a t i o s and l i n e wid ths i n the s o f t Z - ray s p e c t r a l r e g i o n have been ob ta ined 
f o r a c t i v e r e g i o n s and f l a r e s . I n a c t i v e r e g i o n s , t h e r a t i o of He IZ to Mg 
ZI l i n e s y i e l d s a t empera tu re of 4x10 K whi le the l i n e wid ths show excess 
b roaden ing cor responding to smal l s c a l e v e l o c i t i e s of 100 km s . I n f l a r e s , 
the r a t i o s of s a t e l l i t e t o resonance l i n e s i n Ca ZIZ and Fe ZZV y i e l d 
t e m p e r a t u r e s of 12 t o 22 x 10 Kj t h e l i n e widths a g a i n show excess broadening 
due t o t u r b u l e n t mot ions of up t o 100 km s~ . The observed Fe K^ f l u x can be 
produced by f l u o r e s c e n c e r a t h e r than by i o n i z a t i o n . 

Hard Z-Ray Imaging Spec t romete r (C. de J a g e r , P I ) : Images of f l a r e s i n 
ha rd Z- ray s p e c t r a l bands i n d i c a t e t h a t the emission o r i g i n a t e s i n arcades 
of loops wi th d i f f e r i n g s p e c t r a l h a r d n e s s . I n one f l a r e t h e spectrum was 
h a r d e r i n the l e g s o r foo t p o i n t s and s o f t e r a t t h e t o p of t h e l o o p . Tempera
t u r e s i n excess of 8x10 K have been found i n the impu l s ive phase a l t hough 
a powerlaw spectrum may f i t t h e o b s e r v a t i o n s b e t t e r . 

Hard Z-Ray Burs t Spec t rome te r (K. F r o s t , P I ) : High time r e s o l u t i o n 
o b s e r v a t i o n s of f l a r e s have shown complex i n t e n s i t y v a r i a t i o n s on t ime s c a l e s 
of 100 ms and s p e c t r a l v a r i a t i o n s on t ime s c a l e s of s e c o n d s . One f l a r e showed 
q u a s i - p e r i o d i c i n t e n s i t y s p i k e s wi th t h e t ime i n t e r v a l s between s p i k e s va ry ing 
from 7 t o 11 s . 

Gamma Ray Spec t romete r (E . Chupp. P I ) : Both l i n e and continuum emiss ion 
from f l a r e s have been o b s e r v e d . The continuum e m i s s i o n , e x c i t e d by h igh energy 
e l e c t r o n s i s impuls ive whi le the l i n e emiss ion a t 2 .223 MeV decays more s l o w l y . 
The l i n e r e s u l t s from neutrom cap tu re by hydrogen wi th t h e n e u t r o n s be ing 
produced by r e a c t i o n s i n v o l v i n g e n e r g e t i c i o n s . 

Act ive Cav i ty Radiometer I r r a d i a n c e Moni tor (R. W i l l s o n , P I ) : Decreases 
i n the s o l a r i r r a d i a n c e a r e observed t h a t c o r r e l a t e w e l l wi th the passage of 
s u n s p o t s a c r o s s t h e s o l a r d i s k . A f u t u r e g o a l w i l l be t o i d e n t i f y t h e source 
of t h e i n c r e a s e s above t h e average t o answer the q u e s t i o n of what happens to 
the mi s s ing r a d i a t i v e energy from s u n s p o t s . 
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