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1. Introduction 

By the expression 'stellar activity of the solar type' we mean the manifestations of 
stellar activity determined by a mechanism of the same kind as that producing the 
solar activity. 

As we already know, this mechanism should consist in the interplay of solar 
poloidal magnetic fields, differential rotation and convection. Gravitational actions 
by planets and interactions with diffuse matter could also play as triggering agents. It 
is evident that if this mechanism acts on different stars in different physical conditions 
it could give rise to quantitatively and qualitatively different phenomena. Vice versa, 
from the analysis and interpretation of these phenomena, knowing the physical 
conditions in which they take place, we can hope to deduce new information on the 
mechanism involved. 

Gershberg (1975) notes that since we have no complete physical theory either for 
the totality of events that take place in a solar active region, or for the mechanism 
involved in solar activity as a whole, somebody could argue that analogies between 
solar and stellar events do not contain new information. Wittily Gershberg points out 
that also Newton found only (!) some analogies between the falling of an apple and 
the motion of the Moon! 

The problem of stellar activity of the solar type was thoroughly investigated by 
Unsold in the second edition of his Physik der Sternatmospharen (1955) and was 
successively taken up again by Smith and Smith in their book on solar flares (1963) 
and by Bray and Loughhead in their book on sunspots (1964). In 1967 a wide 
research programme on stellar activity of the solar type was undertaken at the 
Catania Astrophysical Observatory (Godoli, 1967). In 1968 a review of the problem 
and preliminary results collected at Catania were presented by the writer at the 
Nobel Symposium. Problems connected with stellar activity of the solar type were 
reviewed by Oster in the volume recently dedicated to Albrecht Unsold (1975). 
Finally, a thorough analysis on the analogies between stellar and solar flares and 
between stellar and solar flare activities was presented by Gershberg (1975) at the 
IAU Symposium No. 67 on 'Variables in Relation to the Evolution of Stars and 
Stellar Systems'. 

We can assert that in the last few years the problem of stellar activity of the solar 
type has been an aspect of the increasing convergence in the fields of stellar and solar 
physics. 

In this review we shall summarize the latest results in this field. 
For the sake of completeness we shall also briefly recall information reported in 

the quoted literature. 

Bumba and Kleczek (eds.), Basic Mechanisms of Solar Activity, 421-446. All Rights Reserved. 
Copyright © 1976 by the IAU. 
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2. The Sun as a Variable Star 
2 . 1 . INTRODUCTION 

Before trying to describe stellar observational facts that could be determined by a 
mechanism of the same kind as that producing the solar activity, let us briefly 
consider how the manifestation of solar activity would appear at stellar distances. 

2 . 2 . SOLAR ROTATION AND MAGNETIC FIELD 

As Howard ( 1 9 7 2 ) pointed out, if the Sun were observed as a distant star its rotation 
rate could be detected only at the very highest stellar spectroscopic dispersion and 
the 5 % variation observed in the Sun rotation rate would pass entirely undetected. 

In 1 9 6 7 Bumba et ai9 using, instead of the solar image, a parallel beam from the 
coelostat mounting falling on the magnetograph slit, showed that the magnetic field 
of the Sun observed as a star is about two orders of magnitude weaker than the 
smallest fields that could be detected in stellar observations at that time. 

In 1 9 6 7 Severny started more or less systematic observations of the magnetic field 
of the Sun observed as a star. The results of these observations and their relationships 
to the sector structure of the interplanetary magnetic field are well known to all 
solar physicists. We only recall the explanation given by Tuominen ( 1 9 7 0 ) of the fact 
that the magnetic flux from sunspots is in antiphase with the fluctuations of the 
measured total field (Severny, 1 9 6 9 ) . According to Tuominen, since the following 
part of a bipolar magnetic region disintegrates much faster than the leading one, the 
following part has a greater influence on the observed large scale fields. On the 
contrary, when determining the magnetic flux from sunspots, the leader spots are 
more effective. Tuominen also suggests that the long lifetime of the large scale 
magnetic region can be explained on the basis of the occurrence of the activity 
complexes (Bumba and Howard, 1 9 6 5 ) . 

2 . 3 . SOLAR LUMINOSITY 

The problem of the variations of the so-called solar constant is very old and intricate. 
We recall here only the attempts made for collecting information on the variation of 
the solar constant from the amount of light reflected by the planets Uranus and 
Neptune (Johnson and Iriarte, 1 9 5 9 ; Serkowski, 1 9 6 1 ; Jerzykiewicz and Serkowski, 
1 9 6 6 ; Albrecht etal, 1 9 6 9 ) . 

2 . 4 . SUNSPOTS 

The largest sunspot group ever recorded, observed in 1 9 4 7 , had a maximum area of a 
little more than a hundredth of the solar disk. If we consider this group completely 
dark, it would give rise, owing to the solar rotation, to a light variation of about one 
hundredth of magnitude. This value falls within the possibility of photoelectric 
photometry. 

2 . 5 . PHOTOSPHERIC AND CHROMOSPHERIC FACULAE 

A variation of the same order as above would be given by photospheric faculae. 
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Since the presence of magnetic fields in the solar atmosphere is related to the H 2 

and K2 emission component of the H and K lines of Ca n it is obvious to expect 
variation of these emissions if we observe the Sun as a star. 

Actually Sheeley (1967) and Bumba and Ruzickova-Topolova (1967) found, 
independently, with different methods, variations of the intensity of K2 emission 
averaged on the disc of as much as 15% during a solar rotation and of 40% during a 
solar cycle, whereas Bappu (1967) found these values too optimistic. 

2.6. SOLAR FLARES 

Optical white light flares would give rise to variations at the limit of the possibilities of 
photoelectric photometry. However, as early as 1950, Greenstein pointed out that 
bright solar flares could double the brightness of an M dwarf: moreover a flare on 
such a star would be more prominent in the violet because of the steep drop in the 
stellar continuum. 

Some years later, in 1959, Schatzman showed that the flux of solar type n bursts 
could be detected with the most sensitive radiotelescope of that time even at stellar 
distances. 

3. Stellar Flares 

3.1. INTRODUCTION 

The task of picking out, from the multiplicity of observational stellar facts, those that 
could be determined by a mechanism of the same kind as that producing the solar 
activity is extremely intricate. 

We shall first analyse stellar flares since these phenomena have many common 
features with solar flares. Speaking of stellar flares we will be in the wake of the 
problems concerning photospheric, chromospheric and coronal stellar activity. 

Many reviews are available on the problem of stellar flares. We recall, among the 
most recent ones those of Gershberg (1971, 1975), Lovell (1971), Ambartsumian 
and Mirzoyan (1971), Gershberg and Pikelner (1972), Kunkel (1975), Gershberg 
and Lund (1975). Therefore we shall only summarize the most relevant information 
from our point of view (for more details and references we refer to the quoted 
reviews) and present the latest results. We shall confine ourselves to only UV 
Ceti-type stars although we know that flare activity can be present in stars of other 
types too. 

UV Ceti-type stars are red dwarfs with spectra showing emission lines (dKe and 
dMe). Surface temperatures are less than 3500 K; luminosities are of the order of 
10~5 solar luminosity; masses are of the order of 10 _ 1 solar masses. 

These stars undergo the most rapid variations of all eruptive variables. In a time 
interval ranging from a fraction of a second to several minutes, their integrated 
brightness sometimes increases by more than five magnitudes. The decay time is of 
the order of 1-60 min. Very intense and.complex events have been observed to last 
even a few hours. Optical observations from the U- to the V-band show that flare 
amplitude decreases in going from shorter to longer wavelengths. 

Typical frequency is 10 _ 1 events per hour. 
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Traditional methods of photographic and photoelectric spectroscopy cannot be 
used to get information on spectra of stellar flares since exposure time must be longer 
than the duration of flares. Image tubes must be used as light detectors. 

During a flare, spectra undergo radical changes. The overall characteristics of flare 
spectra almost completely coincide with the characteristics of the spectra of T Tauri 
type stars. Bright intense lines and strong continuous emission are present especially 
in the ultraviolet. At the beginning of the flare, hydrogen and neutral helium lines 
increase strongly. Simultaneously strong emission in the Balmer continuum appears. 
In some strong flares also the 4686 A line of the ionized helium and the 5184 A line 
of neutral magnesium appear. Ca n emissions increase somewhat later and to a lesser 
extent than the emission of the Balmer lines. After flare maximum the decay of the 
continuum emission is much more rapid than the decay of the line emission and the 
helium lines fade quicker than the hydrogen lines. Intensified calcium emission has 
been observed even several hours after strong flares. 

We notice that spectral features, as TiO bands and the Ca i 4227 A line, 
characteristic of the cold stellar atmosphere, remain during flares. 

We have already pointed out that as early as 1959 Schatzman showed the 
possibility of observing radio bursts from flare stars. 

This possibility directed the attention of Lovell to these objects. Investigation 
began at the Mark 1250-ft radiotelescope at Jodrell Bank in 1958, September 28 
and was continued at intervals until 1960, April 14.474 h of observations were made 
in the meter waveband at 240 MHz with a technique suitable for rejecting spurious 
bursts of noise arising from terrestrial sources. When all doubtful cases had been 
excluded, 13 events with durations of several minutes were noticed. For UV Ceti, 
rates of occurrence of radio and optical events were closed. Notwithstanding these 
preliminary results simultaneous optical and radio observations were needed in 
order to ascertain the nature of the recorded radio events. 

Many national and international campaigns have been organized since then also 
under the auspices of Commission 27 of the International Astronomical Union. 

Up-to-date radio emission during stellar flares has been recorded in the range 
20 cm-15m. 

With a radio apparatus sensitivity of 0.3 f.u. radio flare occurrence is close to 
optical flare occurrence. 

Observable X-ray emission during stellar flares was predicted by Gurzadian 
(1965, 1966b), Grindlay (1970), Gurzadian (1971) and Crammel etal. (1974). 

An estimation of the upper limit of the X-ray flux from flares of UV Ceti type stars 
was carried out by Gershberg et al. (1969) studying the correlation between 
stellar flares and sudden cosmic noise absorption. No correlation was found. 
Supposing that the effect is smaller than the fluctuations of cosmic noise an upper 
limit of 10~4 erg cm - 2 s - 1 was determined. 

Arrangements had been made to observe YZ CMi in January and February 1971 
simultaneously in the optical, radio and X-range with the satellite SAS-A launched 
in 1970, December 12. Unfortunately flare star observation from SAS-A had to be 
cancelled due to some instrumental problems. 

At the 14th International Cosmic Ray Conference, Grindlay and Heise (1975) 
presented a paper describing observations that allowed the detection of X-ray 
emission from flare stars for the first time (Heise etal., 1975). 
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Observations were made by soft and hard X-ray detectors of the Space Research 
Laboratory at Utrecht and the Center for Astrophysics at Cambridge Mass. which 
were on board the Astronomical Netherlands Satellite (ANS). Utrecht detectors are 
sensitive in the ranges 0.2-0.28 keV and 1-7 keV; Cambridge detectors in the range 
1-30 keV. 

The stars YZ CMi and UV Cet were observed for the periods 1974 October 19-22 
and 1975 January 3-9 respectively. 

A total of 300 min of good quality data with low background was obtained on YZ 
CMi with the satellite continuously pointed to the source for typically 5-12 min per 
orbit. Optical and radio monitoring was conducted for only about a third of the 
period of X-observation. No optical or radio flares were detected. 

On October 19 at 20 05 UT an X-ray flare was observed with the soft and medium 
energy detectors. No increase in count rate was observed in the Cambridge detector, 
probably for pointing reasons that cannot be verified. Unfortunately no optical or 
radio coverage was available. 

The total duration of the flare was 6 min at 0.2-0.28 keV and 1.5 min at 1-7 keV. 
The total energy released in the range 0.2-0.28 keV was 4.2 ±0.3 x 10 3 1 erg with a 
peak luminosity of 2.5 ± 0.4 x 10 2 9 erg s - 1 and in the range 1-7 keV was 1.9 ± 0.4 x 
10 3 2 with a peak luminosity of 3.6± 0.7 x 10 3 0 erg s"1. 

A total of 316 min of good quality data with low background was obtained on UV 
Cet. During this time four events were observed in the optical range. 

On January 8, at 0117 12 UT a large optical flare was observed by Kunkel and 
Zarate (1975): its peak luminosity was > 1.5x 10 3 0 ergs - 1 . X-ray measurements 
started 28 s later at 0117 40 with a strong enhancement in the 0.2-0.28 keV. X-ray 
flares lasted 48 s. The minimal total energy released in this range was 2.9 ± 0.6 x 
10 3 0 erg with an average luminosity of at least 6.1 ± 1.3 x 10 2 8 erg s - 1 . During this 
time the upper limit in the Utrecht medium energy detector and in the Cambridge 
detector was respectively 1.8 x 10 3 0 and 1.3 x 103 erg s - 1 . 

During the other three optical events X monitoring was conducted with negative 
results. Only the upper limit of the 4a level for the X-ray flux was given. 

New observations of UV Ceti had been planned for the period 1975, July 4-9 
(Grindlay, 1975). Unfortunately this period is not suitable for ground-based obser­
vations. 

Ground-based optical and radio observations were organized by Moffett 
(1975a, 1975b) for autumn 1975-early winter 1976 in coordination with X-ray 
observations from MIT/SAS-C satellite. Observations of the flare stars UV Cet, YZ 
CMi, AD Leo were planned. 

Nowadays we know of hundreds of UV Ceti-type stars (including BY Dra and 
UVn stars) of which 39 (single stars or multiple systems) are within a distance of 25 pc 
from the Sun (Rodono 1975a). As far as I know, the latest discovery of a flare star was 
made at Catania (Cristaldi and Rodono, 1976) last July in the large proper motion 
pair G. 208-44/45 (Giglas et al, 1967) recently recognised by Harrington et al 
(1974) as a nearby binary system located at 4.7 pc. 

Photoelectric patrol for more than 10 h has been carried out, generally in the B 
band, for 34 stars (Rodono, 1975a) mainly at the observatories of Armagh, Boyden, 
Catania, Cerro Tololo, Crimea, McDonald, Tokyo. Systematic sequential and 
simultaneous UB V, radio, and polarimetric observations have also been executed. 
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Among the 39 objects within a distance of 25 pc from the Sun, 60% are binaries or 
multiple systems (Rodono, 1975b). Although Rodono (1975b) found no evidence of 
mutual flare triggering between components of binary systems, it is stimulating to 
note that a percentage of 60% could be higher than the average one (Batten, 1973) 
and that many of these systems have very eccentric orbits. Not so long ago there had 
been a belief that only the fainter components of these systems were flare stars. 
Nowadays flare activity on the more luminous component of visual binaries and on 
both of the components has been discovered in several instances. 

Since dK and dM stars are intrinsically faint, UV Ceti type stars can be detected 
only in the neighbourhood of the Sun. Because dM stars constitute 80% of the 
galactic stellar population and dMe stars 5% of the dM type stars, we can argue, 
following Gershberg, that the flares of UV Ceti-type stars, are the most widespread 
kind of stellar variability. 

Hare stars have not been discovered only in the neighbourhood of the Sun but also 
in hundreds in stellar aggregates (associations and clusters). Photographic patrol 
vigorously pursued particularly by Ambartsumian, Haro, Rosino and collaborators 
is generally used for discovery and study of flares in aggregates. 

The multiple exposure technique has been employed with a time resolution of 
5-10 min, inadequate to detect faint short-lived events. Recently also photoelectric 
methods were successfully employed by Rodono (1974). 

According to Ambartsumian and Mirzoyan (1971) T Tauri-type stars, flare stars in 
stellar aggregates and UV Ceti-type stars form a wide class of comparatively young, 
related, non-stable objects. 

According to Gershberg (1975) in the light of up-to-date observations we would 
seemingly reject the hypothesis that UV Ceti-type stars are the later stage of T 
Tauri-type stars. It would be better to think that the variables of both types have 
originated in the same volume but have different behaviours due to mass differences. 
For flare activation, the existence of a deep convection is important, not the age itself. 

3.2. PROPERTIES OF STELLAR FLARES 

3.2.1. Extension 
We have various proofs that stellar flares are events localized in small regions of the 
stellar atmospheres. 

(1) As we shall see, spectroscopic and photometric methods show that the 
temperature of the perturbed region must be of the order of several 104 K. If this 
temperature increase involves the whole stellar atmosphere, we should expect an 
increase in the visual surface brightness greater by one-two orders of magnitude than 
that observed. 

(2) We have already noticed that some spectral features, which are characteristic 
of the cold stellar atmospheres, remain unchanged during flares. We must deduce 
that either the flares are localized in a small part of the stellar surface or they develop 
in high atmospheric layers without influencing the photosphere. 

(3) Flare stars have sizes of 1-2 light seconds, whereas several flare structures 
have been observed to approach maxima in less than a second. 
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3.2.2. Physical Properties 
The rates of energy production during a great stellar flare are of the order of 
approximately 102 erg s~\ over a bandwidth of 400 MHz, in the radio spectrum and 
of the order of 10 3 0 ergs _ 1 , over a bandwidth of 6.7xl0 8 MHz in the optical 
spectrum. 

Spectroscopic and photometric methods show that the temperature of the per­
turbed region must be of the order of several 104 K and the electron density of the 
order of 10 1 2-10 1 4cm" 3 . 

Assuming localized emission, brightness temperature in radio flares at metric 
wavelength is of the order of 10 1 6 -10 1 8 K. 

Spectrographs evidences of mass motions during a flare exist in literature 
although they are very scanty. The most convincing observation is that of Wolf 359 
(the fourth nearest star or the third nearest system) by Greenstein and Arp (1969). In 
an image tube spectrogram, taken in an unknown phase of a flare, the K line was 
shifted by - 5 9 k m s _ 1 and the mean of about 9 hydrogen lines was changed by 
-23 km s - 1 . Arp and Greenstein ascribed the negative shift to a hot cloud, ejected 
towards the observer, at velocity like that in solar spicules and less than that in 
eruptive prominences. 

3.2.3. Statistical Properties 
Generally the duration of a flare increases with the increase of the amplitude. 

In many radio optical correlations there has been evidence that the maximum 
phase of the radio flare follows that of the optical flare by several minutes. 

In 1972, October 11 simultaneous radio and optical recordings of a large flare on 
UV Ceti were obtained by Lovell et al. (1974). In this event we have a delay of 
about 500 s between the onset of the flare at optical and radio frequencies and 
moreover the maximum phase of the radio flare follows that of the optical flare by 
11 ±1 min. 

Statistical investigations show that, although flares of UV Ceti-type stars occur in 
time, generally following the Poisson law, the number of the occurrences of very 
close flares is higher than expected according to the Poisson law. Also for stellar 
flares we could therefore have sympathetic phenomena. New information by 
Rodono (1976) on this matter will be reported in this section. Also homologous 
phenomena could be present. 

In a given star the flare frequency increases as the amplitude decreases. 
The existence of a periodical or quasi-periodical time variation in the frequency of 

flares in-a given star is much discussed. 

3.2.4. Relationship with the Parent Star 
There appears to be in each star an upper limit to the energy radiated by a single flare 
and to the time averaged energy radiated by all the flares. According to Cristaldi and 
Rodono (1975) the first limit is, in the B band, 60 times the energy emitted by the 
quiet star in one minute; the second one is, also according to Kunkel (1970, 1973), 
one percent of the energy radiated by the quiescent atmosphere. 
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Flare frequency decreases as the stellar luminosity increases but more powerful 
flares are observed in more luminous stars, although there are indications that flare 
luminosity increases slower than star luminosity (Cristaldi and Rodono, 1975). Due 
to these indications, it seems difficult to deduce information on the relationship 
between flare activity and luminosity of the parent star from the relationship between 
flare frequency and stellar luminosity. 

3.3. PHYSICAL NATURE OF STELLAR FLARES 

A complete model of stellar flares should describe: 
(1) the mechanism of storage and dissipation of the flare energy; 
(2) typical behaviour of the flare light curves, colours and spectra; and 
(3) regularities observed by flare statistics. 
As far as storage and dissipation of the flare energy is concerned, we have three 

main models: the nebular model, the fast electrons model, and the shock wave 
model. 

The nebular model elaborated by Gershberg (1967) and also by Kunkel (1967) 
assumes that an optical flare is due to the radiation of a hot ionized and rapidly 
emitting gas mass ejected by the star. 

Ambartsumian showed as early as 1954 that the continuum emission, usually 
present in spectra of T Tauri-type stars and appearing in the spectra of flare stars 
during the flares, should not be of thermal nature. Afterwards further evidence was 
obtained in favour of the non-thermal and non-synchrotron nature of the flare 
continuous emission. 

As early as 1965 Gurzadyan assumed that 'fast electrons' i.e. non thermal, but not 
extremely relativistic electrons, whose energy is about 1-2 MeV, can be formed in 
the stars' atmospheres directly above the photosphere. The scattering of photons at 
such electrons is accompanied by an increase in the frequency of the photon scattered 
after collision (inverse Compton effect). The flare itself should be (Gurzadian, 
1966a) a sudden appearance of fast electrons over the photosphere of the star. These 
electrons should cause a transition of the infrared quanta of the photosphere into 
visual and ultraviolet quanta. Naturally, assuming identical energy parameters for 
the electrons, the amplitude of the flare increases, in agreement with the observa­
tions, when the stellar temperature decreases. In this model polarization of the flare 
light is to be expected and radio emission during the flare is possible. Finally, 
Gurzadyan (1972) has recently pointed out that non-thermal bremsstrahlung pro­
duced by the fast electrons is practically of no significance, except for the very 
brightest flares observed. 

According to the shock wave model of Klimishin (1970), Korovyakovskaya (1972) 
the flare could be due to a de-excitation of ionized hydrogen gas behind a shock front 
propagating in the stellar atmosphere. The Greenstein and Arp observation already 
discussed would suggest that a shock wave is responsible for the heating of the matter 
that emits radiation during the flare. Klimishin, assuming that the matter density is 
constant in the star atmosphere, obtained flare rise and decay times that are not in 
agreement with the observations. On the other hand, Korovyakovskaya was able to 
explain many photometric and spectroscopic characteristics of the flares assuming a 
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stellar atmosphere with a density gradient and obtaining differences in the relaxation 
times and acceleration of the shock front when it moves into a region of lower 
density. 

Unfortunately, till now, the available observations (mainly flare colours) do not 
allow a selection of a model (Cristaldi and Rodono, 1975). 

3.4. COMPARISON OF UV CETI-FLARES WITH SOLAR FLARES 

3.4.1. The Atmosphere of the Sun and of the UV Ceti-Stars 
Although we shall discuss afterwards the problems of the activity of stellar photo­
spheres, chromospheres and coronae we must now point out some facts. 

(1) In flare stars, as in the Sun, photospheric dark short-lived spots exist. 
(2) In flare stars, as in the Sun, spot appearances show periodicities of several 

years. 
(3) During stellar flares, as during solar flares, mass motion can develop. 
(4) The flare star spectra at the minimum, i.e. outside the flares, differ from the 

spectra of normal dwarf stars by the presence of emission lines: as for the Sun, active 
stellar chromospheres are correlated with the capacity of producing flares. 

(5) According to Kahn (1974) the delay between the onset of the flare at optical 
and radio frequencies shows that the disturbance coming from the optical flare must 
have spread to a corona of the star. The energy required to heat the corona would 
come from the mechanical energy of the convective motions iri and near the 
photospheric layers. 

3.4.2. Analogies between Flares of UV Ceti-Type Stars and Solar Flares 
Flares of UV Ceti-type stars and solar flares have many important common features. 

(1) Both phenomena are transient events. 
(2) Both phenomena refer only to a small region of the stellar surface. 
(3) For stellar and solar flares the ratios between rise and decay times are of the 

same order. 
(4) Variations of spectra during stellar and solar flares are analogous. 
(5) Optical thickness in Ha-lines for stellar and solar flares are similar. 
(6) Electron density of stellar flares is of the same order as electron density of solar 

flares spreading to some higher densities. 
(7) Spectral behaviours of radio stellar flares and temporal relationships between 

optical and radio stellar flares are similar to the ones of the solar radio noise storm 
and sometimes of the solar type n burst. Typical velocities are 1000 km s - 1 . 

(8) The ratio between the rates of energy production in the optical spectrum and 
in the radio spectrum is 105 for stellar and solar flares. 

(9) Homologous and sympathetic stellar flares can exist; we must deduce that also 
in flare stars persistent morphological features of the active region (most probably its 
magnetic field) control the flare process and that triggering agents can radiate from a 
flare. 

10. Periodical or quasi-periodical time variations in the frequency of stellar flares 
could be present as in the frequency of solar flares. 
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(11) According to Cristaldi and Rodono (1975) the Sun might be regarded as a 
low-activity flare star. 

3.4.3. Differences between Flares of UV Ceti-Type Stars and Solar Flares 
We also have differences between flares of UV Ceti-type stars and solar flares. 

(1) Although stellar flares have been observed with rise time greater than 10 min 
and with total duration greater than 1 h, generally the flares of UV Ceti-type stars 
have a lifetime of one order of magnitude smaller than solar flares. 

(2) While the total energy output in a stellar flare is of the same order of the 
undisturbed stellar continuum, the total energy output in a solar flare is about a 
millionth of the normal quiescent emission. 

(3) Temperatures and probably densities of stellar flares are greater than temper­
atures of solar flares. 

3.4.4. The Problem of the Continuous Emission 
As is well known optical continuum emission from solar flares has been observed 
only in a few cases, mainly for very strong events known as white light flares. On the 
contrary, optical continuum emission during the flash phase is typical for all stellar 
flares. Certainly this difference is in part due to different detection conditions in the 
Sun and in the flare stars. On the other hand, as also pointed out by Haupt and 
Schlosser (1974), the ratio between the energy radiated in the optical continuum and 
total optical energy is much smaller for solar flares (0.01) than for stellar flares (0.5). 

Two main mechanisms have been proposed for interpreting the optical continuum 
emission of solar flares. 

According to Svestka (1970) in a limited volume of the flare region a strong 
impulsive process occurs shortly after the flare onset, accelerating protons and 
electrons up to the relativistic range for electrons and, in very strong events, up to the 
relativistic range of protons. Protons accelerated to energies above 20 MeV pene­
trate down to the lowest chromospheric and upper photospheric layers and produce a 
heating of the atmosphere in the limited bombarded region which can be observed as 
a shortlived increase of the continuum in the optical spectral region. 

According to Hudson (1971) decelerate electrons, diffusing out of the region 
where they produce the hard X-rays of the flash phase, could produce the optical 
continuum emission. 

If we assume that one of these two mechanisms is responsible for the optical 
continuum emission of flare stars, we deduce that in the atmospheres of flare stars a 
larger number of particles must be accelerated. 

Since during proton solar flares intensive proton and heavy element emission into 
interplanetary space is observed it is sound to explore if flare stars could be the source 
of the soft cosmic ray component (Lortet-Zuckermann, 1965). 

Actually considering the rate of energy released during a stellar flare and adopting 
the factor, which has been determined empirically in the case of the Sun, for the 
conversion of flare energy to cosmic ray energy, Lovel (1974) showed that M type 
flare stars may be the major source of the galactic cosmic rays for energies from 106 to 
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3 x 108 eV and that K type stars may contribute to one fifth of the total cosmic-ray 
energy up to 109 eV. 

4. Photospheric Stellar Activity 

4.1. INTRODUCTION 

The hypothesis that non-uniform distribution of regions of constant brightness, 
coupled with rotation, could be responsible for stellar photometric variations, was 
proposed as early as the seventeenth century (see Ledoux and Walraven, 1958). 

The hypothesis of variable superficial regions was introduced in the nineteenth 
century. Analogies with sunspots were called upon by Wolff and Secchi (I.e.). 

According to Vardya (1970), the first plausible proof of the existence of stellar 
spots was found by Jaschek and Malaroda (1970) in the A2p star 73 Dra 
(HD 196502). These authors have found in 73 Dra, a star of effective temperature 
—9000 K, lines of CN and CH, corresponding to an effective temperature of 
—6600 K. These molecular features, that seem variable, would indicate the presence 
of a cold spot. 

As also pointed out by Piotrowsky et al (1974) we could actually interpret any 
light curve assuming the existence of convenient spots on the photosphere of a 
rotating star. Therefore we must accept this assumption only if it either describes 
other known phenomena too or if photometric variations can not be implied in the 
frame of the known phenomenology. 

Quite recently Friedemann and Giirtler (1975) calculated the photometric 
variations determined by the presence of one circular spot on the photosphere of a 
rotating star. Naturally a light curve depends (1) on the size of the spot, (2) on the 
temperature difference between the spot and the photosphere, (3) on the position of 
the spot on the stellar surface, (4) on the orientation of the rotational axis in relation 
to the observer. Colour indices exhibit rather small changes (^0705) especially for 
large temperature differences between the photosphere and the spot. Spots also lead 
to a shift of the star in the colour magnitude diagram. 

Main classes of objects showing photospheric phenomena that could be and have 
indeed been interpreted in terms of photospheric activity are binary, magnetic and 
flare stars. 

4.2. PHOTOSPHERIC ACTIVITY ON BINARY STARS 

In 1930 Sitterly assumed that some distortion in the light curve of the binary system 
RS Canum Venaticorum could be due to photospheric spots. The same assumption 
was made by Kron (1947) and Struve (1952) for AR Lacertae and by Binnendijk 
(1970) for certain W Ursae Majoris systems. Quite recently it was taken up again and 
re-elaborated by Walter (1971) for SW Cygni and by Hall (1972) for RS Canum 
Venaticorum. 

Due to the methodological reasons discussed, it might be more advisable to try to 
describe these distortions by taking into account gas-streams between components 
(see e.g. Catalano and Rodono, 1974; Piotrowsky etal, 191 A) required to explain 
other properties of these systems too. 
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Notwithstanding this some authors still prefer a more elaborated modified spot 
assumption (Arnold and Hall, 1973; Hall, 1975; Mullan, 1975). 

We notice that quite recently Weiler (1975a, 1975b) found for RS Canum 
Venaticorum and for other five binaries of the same type significant variations in the 
emission line intensities of the H and K line of Ca n and Ha. At least for two systems 
maximum emission correlated with assumed spot activity was found. 

4.3. PHOTOSPHERIC ACTIVITY ON MAGNETIC STARS 

Very comprehensive and complete reviews are available on magnetic and related 
stars (e.g. Cameron, 1967; Pikelner and Khokhlova, 1971,1972; Preston, 1971). 

We recall here that all the observed magnetic fields, ranging from the limit of 
detectability of hundreds of gauss to 30 kG, seem to be variable with periods 
generally ranging from about 0.5 to 200 days. 

Generally, stars with observable magnetic fields have peculiar spectra. Vice versa 
variable magnetic fields have been observed in all Ap stars having lines narrow 
enough for measurement of Zeeman splitting. 

Also the other properties of these stars (brightness, colour, intensity of the spectral 
lines) generally show correlated periodic variations. Irregular variations of a short 
period are observed too. 

Among the proposed models two are relevant for our discussion: the solar-cycle 
model and the oblique-rotator model. 

The solar cycle model is based on the assumption that phenomena of the same type 
as those associated with the solar cycle, enhanced by orders of magnitude, could 
produce the observed variations. Although the variations observed in some stars 
could be actually interpreted with such a model (Blanco etal, 1972) some theoretical 
difficulty arises mainly connected with the high velocity required by the process of 
dissipation and reversal of magnetic fields naturally assumed to be superficial. 

The oblique rotator model, having the axis of a static magnetic field inclined to the 
axis of rotation of the star, can describe fairly well the period vs line-width relation 
deduced by Deutsch for spectrum variables and the observed regular variations 
including the photometric one (Kodaira, 1973; Catalano, 1975). Notwithstanding 
this some difficulty arises for long period variables (Preston and Wolff, 1970; 
Catalano and Strazzulla, 1975). Moreover, active photospheric regions are required 
in this model too, in order to describe both short period irregular variations and the 
crossover effect. 

Severny (1970), Borra and Landstreet (1973a, 1973b) and Boesgard (1974) 
opened the very promising possibility of observing weak stellar magnetic fields down 
to 15-20 G. Unfortunately results are still very scanty and no M dwarfs have been 
observed. It is interesting to note that some of the stars with weak magnetic fields 
have Ca n emission components. 

4.4. PHOTOSPHERIC ACTIVITY ON FLARE STARS 

Existence of slow, quasi periodic photometric variations of small amplitude (several 
hundredths of magnitude) in flare stars outside flare activity has been reported for 
many years. 
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More recently Chugainov (1966) observed brightness variations in BY Dra (K6 V) 
with a period of 3.8 days and proposed to interpret these variations with the existence 
of a spot on the surface of a rotating star. 

Following Chugainov's discovery, Krzeminsky and Kraft (1967) and Krzeminsky 
(1969) searched for similar brightness variations among six emission line objects 
(including BY Dra) and three non-emission line objects in the range of spectral types 
dK 7 to dM 3.5. Four of the emission line objects showed variability in the range of 
0.06-0.1 mag. Variability and period of BY Dra were confirmed; a period of 2.2 days 
was found for another of these four variable objects (FF And). The remaining 
emission line and the non-emission line stars showed no variability in excess of 
0.02-0.04 mag. 

Independently of the Krzeminsky and Kraft programme, the Catania group 
undertook in 1967, in the frame of its research project on stellar activity of the solar 
type, the study of luminosity variations between flares with the design of interpreting 
them assuming the presence of active regions (Godoli, 1967; Cristaldi etal, 1969; 
Godoli, 1968). 

The observation of photometric variations of flare stars outside flare activity has 
been recently pursued by several authors (Andrews, 1968; Ferraz Mello and Torres, 
1971; Torres etal, 1972; Chugainov, 1973,1974; Vogt, 1973,1975; Robinson and 
Kraft, 1974; Martins, 1975). 

We notice that Robinson and Kraft (1974) observed Pleiades' and Hyades' dwarfs 
in the spectral-type range K3 v-MO v finding photometric variations outside flare 
activity in the Pleiades but not in the older Hyades. Actually Kraft and Greenstein 
(1969) found that the Pleiades contain more dMe stars than the Hyades. 

Inconstancy of the amplitude of the photometric variations and of the mean 
brightness and colour was observed (Chugainov, 1973, 1974; Vogt, 1973). In 
BY Dra a steady increase in the mean light level is accompanied by a steady 
decrease in the amplitude of quiescent variations (Chugainov, 1973, 1974; Vogt, 
1973). 

Changes of period were observed by Chugainov (1973, 1974) although Vogt 
(1973, 1975) threw some doubt on this matter. 

Evidence that flare activity may be almost the same independently of the periodi­
cal brightness variations was finally obtained by Chugainov (1974). 

Evans (1971) attempted to interpret photometric variations of binary flare stars 
outside stellar activity, taking into account obscuring material temporarily located 
near Lagrangian points of the binary systems. But, stability considerations showed 
that the possible lifetime of circumstellar material near these points would be too 
short (Bopp and Evans, 1973). 

Let us interpret photometric variations of flare stars outside flare activity as 
modulation by rotation of a spotted star (Kron, 1950a, 1950b, 1950c; Chugainov, 
1966, 1973, 1974; Krzeminsky and Kraft, 1967; Krzeminsky, 1969; Torres etal, 
1972; Bopp and Evans, 1973; Evans, 1973; Torres and Ferraz Mello, 1973; Vogt, 
1973, 1975; Mullan, 1974). 

Spots several hundredths of the stellar hemisphere large, extended to high latitude 
(up to 60°) with low effective temperature are needed. Estimations of the size of the 
spots can be made when the star belongs to a binary system. 
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Inconstancy of the amplitude of the photometric variations and of the mean 
brightness could be due to variations of photospheric activity. For BY Dra 
Chugainov ( 1 9 7 3 ) suggests an activity cycle of 8 - 9 yr. 

Period changes could be due either, as on the Sun (Albrecht et al, 1 9 6 9 ) , to a 
migration in latitude of the spots in regime of differential rotation or to the presence 
of not constant, preferential longitudes. 

The independence of flare activity from the periodical brightness variations, if 
confirmed, could point out that flares are not associated with photospheric activity. It 
would also rule out the possibility that brightness variations could be determined by 
bright active regions consisting of clumps of microflares. 

Finally we note that equatorial rotational velocities of the order of 1 0 - 1 5 km s - 1 

would turn up. Such velocities, greater than expected for the lower end of the main 
sequence, may point, together with the presence of emission lines that we shall 
discuss further on, to the youth of the flare stars, although, as we have seen, some 
doubt exists on this topic. 

If active regions really exist on flare stars strong magnetic fields associated with 
starspots ought to be present. The flare mechanism could consist in the release of 
energy by magnetic field collapse (Evans, 1 9 7 3 ; Worden, 1 9 7 4 ) . 

4 . 5 . CONCLUDING REMARKS ON PHOTOSPHFRIC STELLAR ACTIVITY 

Some of the assumptions on the existence c. star spots, that we have described, are 
extremely naive. 

We should always take into account not only spots but also other forms of activity 
that, on grounds of the solar analogy, ought to be present in stellar active regions. But 
for such an extension we need more observational details although some considera­
tions have recently been made in this direction by Arnold and Hall ( 1 9 7 3 ) for RS 
Canum Venaticorum-type binaries, by Mullan ( 1 9 7 5 ) for W Ursae Majoris-type 
binaries and by Martins ( 1 9 7 5 ) for flare stars. 

5. Chromospheric Stellar Activity 
5 . 1 . INTRODUCTION 

A section of the colloquium held in Munich in 1 9 6 9 on the spectrum formation in 
stars with steady state extended atmospheres was dedicated to the chromospheres 
and coronae of stars (Groth and Wellman, 1 9 7 0 ) . Moreover an entire colloquium 
held at Goddard Space Flight Center in 1 9 7 2 was dedicated to the problem of stellar 
chromospheres (Jordan and Avrett, 1 9 7 3 ) . For this reason we shall very briefly 
summarize here only the most important observational results and present the latest 
ones. 

Arguments for the existence of stellar chromospheres and coronae are by now very 
convincing. 

In the solar type situation we have a strong convection, kept by subphotospheric 
hydrogen ionization, which causes a host of waves. Among them the acoustic modes 
still appear to be the most important ones. As these waves propagate upward they 
steepen into shocks which dissipate into chromospheres and coronae. 
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As an example of convective models we recall those by de Loore (1970) although it 
was pointed out at the Goddard Colloquium that the de Loore's models exaggerate 
the mechanical flux when convective zones are thinner than the mixing lengths. De 
Loore calculated photospheric models for 90 stars with effective temperatures 
ranging from 2500 K to 41 600 K and acceleration of gravity ranging from 10 to 
10 5cms~ 2. He deduced that all the investigated stars contain unstable layers, 
including the hottest. Nevertheless, according to de Loore, only stars with the 
effective temperature of 8300 K or less contain layers where the convective energy 
transport is important. For main sequence stars, the largest fluxes would be gener­
ated in F2 HI stars. 

But, as pointed out by Thomas at the Munich Colloquium, we could have 
situations, other than the solar one, where chromospheres and coronae do exist as a 
consequence of mechanical instability different than acoustic waves. So we must not 
expect chromospheres and coronae only in stars of spectral class F0 and later ones 
(Lamers and de Loore, 1974). 

Moreover the Catania group (Blanco et a/., 1974) showed that for stars with 
T e f f<5000K the theoretical acoustic energy flux is inadequate, by two orders of 
magnitude for the coolest stars, to account for the observed chromospheric emission 
fluxes. New information by Blanco etal (1975) on this matter will be reported in this 
section. 

5.2. STELLAR CHROMOSPHERES 

Ca II resonance doublet emission (Ca n H and K at 3933.7 and 3968.5 A, As 2S-
Ap 2P°) which is one of the best known indicators of stellar chromospheres was first 
reported by Eberhard and Ludendorff in Arcturus (a Boo, Kl in) (Eberhard and 
Schwarzschild, 1913). In their famous 1949 list Joy and Wilson reported 445 stars 
known to have H and K emissions (novae were excluded). The list indicated that, 
with few exceptions, calcium emission occurs only in stars of G, K and M types. 
Although supergiants, giants, subgiants are well represented in the Joy and Wilson 
list, the best represented are the dwarfs. Other stars with H and K emission 
components were found afterwards (Greenstein, 1952). A longer list was published 
by Bidelman (1954). In 1969 Warner (1969) added a list of 200 southern G, K and M 
stars with emission components. In 1970 Wilson and Woolley presented a list of 
calcium emission intensities of 325 main sequence late type stars. 

The ultraviolet magnesium counterpart of the Ca n resonance doublet emission 
(Mg II resonance doublet at 2795.5 and 2802.7 A, 3s 2S - 3p 2P°), was first reported 
in the solar spectrum by Durant et al in 1949. In late type stars it was reported by 
Doherty (1971, 1972), Gurzadian (1972), Kondo (1972), Kondo et al (1972), 
Linsky and Basri (1974), Moos et al (1974), Kondo et al (1975); in intermediate 
type stars by Kondo (1972), Dupree (1974); in a wide range of spectral types by 
Oganesyan (1974). 

Chromospheric Ly-a emission was observed from Arcturus by Rottman et al 
(1971), Moss and Rottman (1972), Moss etal (1974) and from an intermediate type 
star by Dupree (1974). Oi A 1304 was observed from Arcturus by Moss and 
Rottman (1972). On A 1334.5 was observed in an intermediate type star by Dupree 

https://doi.org/10.1017/S0074180900008366 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900008366


436 G. GODOLI 

(1974). Other ultraviolet lines were observed in the spectrum of Procyon (a CMi F5 
iv) (Evans etal., 1975). 

Rosendhal (1973) found changes in the strength or structure of the Ha as well 
as in the strength of other prominent lines in the red region of the spectrum of 13 
early type supergiants among the 20 examined. This behaviour could be due to 
possible coupling between mass loss and turbulence. 

Linsky (1973) reported that in the Sun the profile of the Ca n triplet line at 
A 8498 A shows a definite double reversal in the weak and slightly stronger plages. 
Therefore Linsky suggested that the 8498 A line could be a very sensitive indicator 
of the activity of stellar chromospheres. Anderson (1973) obtained photoelectric 
profiles of this line for 30 late-type stars but at the resolution and precision of his 
study none of the stars observed show any evidence of emission although several 
have very strong K line emission. 

Vaughan and Zirin (1968) pointed out that the A 10 830 A line of neutral helium is 
a better indicator for the existence of stellar chromospheres than Ca n lines: on the 
Fraunhofer solar spectrum, indeed, the A 10 830 A line is the only one in the range 
from 3000 A to 11 000 A that originates solely in the chromosphere; moreover H 
and K lines of Ca n and Ha line are excited in a wide range of temperature and may 
show either enhanced emission or absorption depending upon physical conditions. 
These authors have found in a wide research on 86 stars the A 10 830 A line of 
neutral helium in absorption in a substantial number of G and early K stars and in 
emission in five stars. According to Vaughan and Zirin the He line would probably 
not be present, at least with appreciable strength in either F or M stars. However we 
notice that, as far as M stars are concerned, only supergiants, bright giants and giants 
have been observed. 

As early as 50 years ago, Stratton realized that Ca n resonance doublet emissions 
were correlated with the luminosity of the late type stars. After many years Wilson 
(1954,1959,1967,1970) and Wilson-Bappu (1957) gave the relationship between 
the Ca II emission line width and the absolute visual magnitude. Since this relation­
ship is valid for over a range of more than 15 mag and it does apply to the Sun too, we 
can expect that the mechanism which produces the line widths is the same for all the 
stars including the Sun. 

Further analysis of this effect has been carried out by Reimers (1973). 
A relationship between H and K absorption lines and luminosities was also 

reported in the range of spectral types from about F5 to K2 (Lutz et al., 1973). 
Mgn resonance doublet emissions also follow the Wilson Bappu relationship 

(Kondo, 1972; Kondo etal., 1975). According to Kondo etal. (1972) the widths of 
the Mg II emission lines are between two and three times greater than the widths of 
Ca II emission lines for a given star. 

A relationship between Can and Mgn resonance doublet absorption and 
luminosity was recently investigated by Ayres et al. (1975). 

Considering that, on the Sun, the absorption structures at the edges of the core of 
Ha line correspond to the emission structures of K2 (McMath et al., 1956), Kraft et 
al (1964) searched for and found in the spectra of late type stars an increase in the 
width of the Ha core in absorption with increasing luminosities. Further measure­
ments were made by LoPresto (1971) (McMath solar telescope) and by Caplan 
(1973). 
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Bonsack and Culver (1966) found such a behaviour also for weak absorption lines 
formed in the deeper atmosphere of K type stars. According to these authors, the 
profiles of the weak lines in K stars are dominated by the motions of large elements of 
gas. Therefore the velocities of these elements must be correlated with stellar 
luminosity in the same way as the phenomena at higher levels which determine the 
widths of the K line emission and Ha absorption. 

According to Anderson (1973) the central intensity as well as the equivalent width 
of the Ca n triplet line at A 8498 A show no evidence of the Wilson Bappu effect in 
thirty late-type stars observed. 

The existence of chromospheres of the UV Ceti-type stars has been suspected 
since the first spectra of these stars were obtained outside flare activity. 

Discussing their list, Joy and Wilson pointed out that the strongest K emissions 
appear in T Tauri stars and in the dMe dwarfs of extremely low luminosity. 

In 1960 Wilson (1961) obtained at Palomar a sprectrogram of EVLac covering 
the photographic region with a dispersion of 9 A mm - 1 . He observed emission lines 
of H, He i, Si i, Ca i, Fe i, Ca II. Since the excitation requirements for these lines are 
different by one order of magnitude, Wilson suggested a stratification of chromos­
pheric layers. From the sharpness of the metallic lines and the lack of differential 
velocities he assumed that thermal motion is probably the principal source 
of broadening for the hydrogen lines. With this assumption he deduced a tem­
perature of about 14 000 K for the chromospheric zone giving rise to the hydrogen 
emission. 

On the other hand, Gershberg (1970) found that the number of hydrogen atoms 
per unit area of the chromosphere in UV Ceti-type stars is greater by a factor of 3-50 
than the corresponding number for solar chromosphere. 

Jennings and Dyck (1972) and Jennings (1973) showed that H and K reversals 
and other heavy-element emission lines, especially those of ionized species, tend to 
vanish in stars which exhibit intrinsic polarization and infrared excess. The infrared 
excess, measured by the 0-L colour (the magnitude at 11 \L minus the magnitude at 
3.5 /it) has been interpreted by thermal reradiation from circumstellar mineral 
grains. Since the infrared excesss is strongly correlated with polarization, scattering 
by particle must be responsible for observed intrinsic polarization. According 
to Jennings and Dyck the disappearance of emission lines implies that grains 
are responsible for the weakening of the chromospheres through a mechanism 
involving thermodynamic or indirect dynamic effects or a combination of the 
two. 

5.3. CHROMOSPHERIC STELLAR ACTIVITY 

According to some authors (e.g. Unsold, 1964) we could consider intensities of H 
and K emission components not only as chromospheric indicator S but also as 
chromospheric activity indicators. 

We must point out that solar H and K emission components, in integrated sunlight, 
are below the limit of detectability at those dispersions generally used in the 
observations of stellar H and K emissions. We can therefore deduce that solar type 
stars with observed H and K emissions must have more active chromospheres than 
the Sun. 
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Ca II H and K emission component intensities (and hence the general degree of the 
chromospheric activity) and the angular velocity of a main sequence star, decay as 
the inverse square root of the age (Wilson, 1963; Wilson and Skumanich, 1964; 
Skumanich, 1972; Boesgaard and Hagen, 1974). Assuming that the factor which 
determines the intensity of H and K emissions in the chromosphere of a star is simply 
the average magnetic field strength over its surface, one can predict that the magnetic 
field strength also gradually decays as the star ages and moreover that angular 
velocity must be greater when the magnetic field is stronger. 

Since late type giants possess a more intense chromosphere than their counterparts 
on the main sequence it would be necessary to explain how the magnetic field could 
be reactivated when the star begins to evolve upwards to the giant branch in the H-R 
diagram (Matsushima, 1974). According to Matsushima (1974) a decrease of metal 
content could produce an increase of the surface convective flux. 

According to the Catania group (Blanco etal., 1974) the Sun as a whole does not fit 
in with the relations between H and K emission component intensities and age unless 
only active regions are considered. Therefore we must consider stellar H and K 
emission components as indicators of chromospheric stellar activity rather than, 
simply, as indicators of stellar chromospheres. 

Apart from active regions, we know nowadays that the brightness of knots of 
the solar chromospheric network at the centre of the Sun and at the northern 
and southern poles changes with the phase of the solar cycle (Tsap and Labe, 

' 1973). 
Therefore, solar analogies would suggest that it is better to search for chromos­

pheric stellar activity by analysing stars with variable emission components. 
Many stars, in which the H and K emission components are probably variable, are 

already indicated in the Joy and Wilson list. 
For a period of about 5 years (from 1950 to 1954) Popper (1956) found no definite 

intensity change in H and K emissions of five main sequence K and M stars. 
As far as I know, definite variation in the intensity of H and K emissions was first 

observed in 1962 by Kandel in HD 119850 (spectral type dM 2.5) (Kandel, 1962, 
1966). In 1963 Griffin discovered variations in Arcturus (Kl in). Deutsch (1967) 
found large changes in the profiles of Ca n H and K in two giants (a Tauri, K5 in and 
y Aquilae K3 n) and smaller changes in most other K giants examined. Large profile 
changes have been found in a Tauri only after an interval of 100 days or more. The 
changes are not regular, but they tend to reoccur after about 1000 days, probably the 
rotational period of the star. 

Nine stars in the spectral range G2-M0, observed by Liller (1968) in the period 
September 1964 - August 1965, showed, almost continuously, small random varia­
tions of the K line emission component in both intensity and shape. The stars a Tauri 
and, possibly, A Andromedae exhibit greater fluctuations sometimes of flare-like 
nature with a recovery time of the order of half an hour. No evidence of cyclic 
variations was detected. 

Boesgaard (1969) found fairly strong H and K emission components in a M3 S star 
in which no emission had been observed for many years. 

Vaughan and Zirin (1968) observed temporal changes of the neutral helium X 
10 830 emission line in two of the five stars showing this line in emission. 
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Since 1965 photoelectric flux measurements at the centre of stellar H and K lines 
have been systematically performed at Mount Wilson with the main goal of collecting 
data which may ultimately lead to the detection and study of stellar analogues of the 
solar cycle (Wilson, 1968). According to Wilson (1968) no undoubted variations 
were found during the first year observations. 

Soon afterwards, Wilson (1969) announced that flux variations in both compo­
nents of 61 Cygni had been found during the period June-December 1967. 

Nowadays we know that for several of the stars observed by Wilson it is likely that 
a cycle has nearly been completed. Up to now none of these stars have been reported 
to begin a new cycle (Hale Observatories, Annual Report 1973-74). New informa­
tion by Wilson (1976) will be reported in this section. 

Active chromospheres in eclipsing binary stars were observed for a long time 
(Wright, 1973). 

Chromospheric activity on flare stars was observed by Popper in 1953 on BY Dra 
(K6 v) when this star was not yet known to be a flare star. On a spectrogram obtained 
on 1953 July 21, 37 UT he observed hydrogen emission lines many times stronger 
than on the other plates. H and K lines were probably also strengthened. 

Recently Bopp (1974a, b) discovered variations of up to a factor of three in the 
equivalent widths of the emission lines of seven flare stars (among nine observed) at a 
time when no detectable flare was photometrically in progress. The time scale of this 
variation is of the order of one day or less. As Bopp (1974a) also points out, such a 
time scale shows that quiescent chromospheric emission must be localized: a variable 
emission produced by a uniform chromosphere would in fact imply a corresponding 
variation of the convective transport over the entire stellar surface. According to 
Bopp the observations are best explained if one assumes that active regions are 
present on a rotating star with the rotation axis inclined at a considerable angle to the 
plane of the sky in such a way that the active regions, although partially visible in all 
their lifetime are observed with varying degrees of foreshortening and limb darken­
ing. Rotational velocities from five to twenty times the solar rotational velocity are 
found, as obtained from photospheric activity features. 

6. Coronal Stellar Activity 

6.1. INTRODUCTION 

Stellar coronal parameters have been computed by many authors under the main 
assumption that the mechanical energy flux from convective layers is responsible for 
the heating of the corona (de Jager and Neven, 1961; Kuperus, 1965; Bierman, 
1969; Nariai, 1969; de Loore, 1970; de Jager and de Loore, 1971). According to 
coronal models constructed by de Loore (1970) for the Sun and for stars with 
effective temperatures between 5350 K and 8320 K, the stars with Tef[ = 7130 K and 
log g = 4 possess the hottest and densest coronae with a computed temperature of 
3.7 x 106 K and log Ne = 10.4. 

Expected stellar radio fluxes (Weimann and Chapman, 1965; Oster, 1971) and X 
fluxes (Bierman, 1969; de Jager, 1971; de Loore and de Jager, 1970; Landini and 
Monsignori Fossi, 1973) have been computed. 
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A radio candidate was 
Betelgeuse (a Ori, Me i); 

X candidates were 
Arcturus (a Boo, Kl nip) 
Procyon (a CMi, F5 iv-v) 
P Cas (F2 iv) 
a Cen (G2v-K0v) 

Since the gravitational potential of giants and particularly of supergiants is smaller 
than that of main sequence stars, one could expect no coronas of solar type in these 
stars (Bierman and Lust, 1960) or perhaps, better, since a large supply of acoustic 
energy is available, a stellar wind much more powerful than the solar wind. Actually, 
attempts were made in interpreting mass loss in red giants by a stellar wind 
mechanism (Weymann and Chapman, 1965; Fusi Pecci and Renzini, 1975). 

6.2. STELLAR CORONAE 

While observing chromospheric Ly-a emission from j8 Gem (KOin) with the 
'Copernicus' Satellite, McClintock et al. (1974) detected an emission line at 
1218.4±0.2 A identified with the 2s2 lS0-2p 3Pi intercombination line of O v. 
This line was first detected and identified in the solar limb spectra obtained by Burton 
etal. in 1965 (Burton etal, 1967). This identification was subsequently confirmed by 
laboratory measurements by Edlen etal. (1969) and by new observations by Burton 
and Ridgeley (1970). In the solar spectrum this line has a strength smaller than 0.03 
that of Ly-a. In )3 Gem it has a strength —0.3 that of Ly-a. According to McClintock 
et al (1974), calculations indicate that in p Gem the line is formed in a corona at 
temperatures near 260 000 K rather than in a transition region as in the solar case. 
Other high-excitation lines are being searched for in /8 Gem. The O v line is not 
observed in Aldebaran (a Tau, K5 in), Arcturus (a Boo, Kl HI), or e Eri (K2 v) 
which have been similarly studied by the Copernicus satellite. 

If stellar coronae do exist, it is to be expected that the scattering of light by free 
electrons would cause the apparent angular distribution of light across the star to 
depend upon the plane of polarization. Hanbury Brown et al. (1974) made 
observations of the hot supergiant fi Ori (B8 ia) with the stellar intensity inter­
ferometer at Narrabri using linearly polarized light. The angular diameter was 
measured at two base lines with light polarized parallel and perpendicular to the base 
line and the results were used to derive two independent measures of the angular size 
of the star. No significant change of angular diameter with polarization was observed. 
From computation of the effects of the expected polarization the authors concluded 
that to obtain positive results it would be necessary to improve the sensitivity of the 
measurements by a factor in a range of 10 to 100. 

6.3. CORONAL STELLAR ACTIVITY 

Significant flux density of 0.11 ±0.03 flux units from Betelgeuse was detected at a 
wavelength of 1.9 cm by Kellermann and Pauliny-Toth in 1966, February 21 at the 
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National Radio Astronomical Observatory. No significant flux was found in the next 
or in ten other nights in February and March. Low (1965) had found strong infrared 
radiation from this star at 10 /u, variable in intensity, but unfortunately no infrared 
measurements are available during the period of radio measurements. 

Probable significant fluxes from Betelgeuse (M2 ib) and TT Aurigae (M3 n) were 
detected at a A of 2.85 cm by Seaquist (1967) at the Algonquin Radio Observatory 
on 1966 October 30 and August 13 respectively. No significant flux was found from 8 
Orionis (O 9.5 II) and if/ Aurigae (MO iab) on 1960 October 30. 

Significant flux density of 0.005 ±0.001 flux units from Antares (a Scorpii) was 
detected at a wavelength of 11.1 cm by Wade and Hjellming (1971) at the NRAO on 
1970, June 4, and November 12. No significant flux was detected at 3.7 cm. 
According to Oster (1971) what Wade and Hjellming observed may have been a 
stellar type iv burst or a series of them. 

Further observations (Hjellming and Wade 1971a, b) showed that Antares' radio 
source is variable, detectable at both 3.7 and 11.1 cm and associated with the B3 v 
companion to the red supergiant Ml ib. According to Hjellming and Wade this radio 
emission could be related either to the infall of matter from the red supergiant or to 
particles' acceleration and ejection from the surface of the B star itself. This second 
possibility is the interesting one in our framework. 

Many other objects of this kind have been discovered in the last three years. 
Radioemission was found from a Bep star by Braes et al (1972). Also this star has 

an infrared excess, probably due to ejected circumstellar material (Geisel, 1970). 
Other objects of this kind have been discovered. 

Catura et al (1974,1975) recently detected X-ray emission in the range from 0.2 
to 1.6 keV from an area of the sky which contains the binary star system Capella 
(a Aurigae). Capella is a spectroscopic binary at 15 pc consisting of an F8-G0 giant 
of 2.9 M and a G5 giant of 3.0 M. The system rotates in a nearly circular orbit with a 
period of 104.023 days. The separation between the stars is of about 1 AU. No radio 
emission from the Capella system has been reported. 

The detector was pointed at Capella in 1974, April 5 for a 1?2 period. The number 
of counts obtained when Capella was within the field of view was about 10 times the 
average counting rate. The authors are of the opinion that it is very improbable that 
this signal is a random fluctuation in the background counting rate. The fact that the 
spectrum shows no indication of a turnover at 0.25 keV from X-ray absorption by 
interstellar matter, is consistent with a nearby source. If this identification is correct, 
an X-luminosity of Capella during the observation comes out ranging from 10 3 1 to 
lO^ergs" 1 . 

Fitting the data with a function describing thermal bremsstrahlung the authors 
found temperatures ranging from 5 to 15 x 106 K. 

This source was not observed during a previous survey of the same region in 1972. 
The authors recall other soft X-ray sources, identified with nearby stellar objects, 
which other observations of comparable or better sensitivity have failed to detect. 
According to the authors one must conclude that either many spurious observations 
have been reported, or these sources of soft X-ray emission are strongly variable in 
time. 

Comparison of these events with those observed on YZ CMi and UV Ceti is 
stimulating. 
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7. Concluding Remarks 

I should like to conclude this review on the observational aspects of stellar activity of 
the solar type with some remarks. 

Although, as we have seen, information on Ap stars can be extremely stimulating 
in our framework, it is advisable to look for objects with much weaker magnetic 
fields. The recently opened possibility of observing stellar weak magnetic fields must 
therefore be pursued. 

As we have seen, there is a lot of information that could be collocated in our 
framework. Notwithstanding this, we have not yet ascertained the existence of stellar 
activity cycles and we are just beginning to understand some associations among 
different known manifestations of stellar activity. 

What we absolutely need to substantially improve the situation is an international 
cooperative effort that must exploit all the different available techniques and must be 
concentrated for a long time on a few objects of different types. We cannot hope the 
stars will help us in understanding the Sun unless we observe them as we observe the 
Sun. 
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DISCUSSION 
Mestel: Did I understand you to say that one needs photospheric activity in an Ap star to understand the 
cross-over effect? Isn't this effect simply explained in the oblique rotator model as a geometrical 
consequence of the rotation of contiguous regions of opposite polarity? 

Godoli: Yes, in order to describe the cross-over effect, we require magnetic regions of opposite polarity 
and the magnetic activity is the main manifestation of active regions. 

Mestel: The difficulty seems to be largely semantic: you mean by photospheric activity in an Ap star just 
the existence of observable emerging field-lines. 

Ruidjak: Which is the highest Balmer line seen in emission in flare stars? Has the Balmer recombina­
tion continuum been observed.? 

Godoli: Balmer series has been observed to H 1 0 - H 1 4 . As I have already said, strong emission in the 
Balmer continuum appears at the beginning of flares. 

Schroter: I would like to add to your list of observable effects of stellar activity and its implication in 
interpretation one other aspect which concerns the problem of element abundances. The interaction of 
solar magnetic fields with photospheric and chromospheric plasma occurs apparently in two different 
modes; In one mode magnetic fields suppress radiation flux (sunspots, pores); in the other mode they lead 
to enhanced radiation (plages, network, faculae), etc. Let us apply this (so far not well understood) fact to 
stars with magnetic fields. 

Imagine that in a stellar atmosphere many spots are present. Lines of elements with low ionization 
potential will occur much strengthened in these spots. Determining the abundance of elements like Li and 
ignoring the presence of such activity regions may well lead to an apparent overabundance of these 
elements. Let us now assume the surface of the star is covered considerably by features like network of 
faculae in which the magnetic fields cause locally enhanced radiation. Consider once again the problem of 
determination of the abundance of Li (or for example, C). Ignoring the presence of these active regions 
shall this time lead to an apparent 'under abundance' of Li (or overabundance of C). To my knowledge the 
effect of the presence of such structures has so far not been taken in account in determining element 
abundances (or in interpreting deviations observed in magnetic active stars). 

Zwaan: Have attempts been made to find cyclic variations in the rate of flare occurrence in flare stars? 
Godoli: Yes; variations have been found but not yet periodic variations. 
Roxburgh: Could Dr Schroter quantify his argument on abundance determinations? If we looked at the 

Sun as a star what would be the error in the determination of the Lithium abundance? 
Schroter: To answer your question, let us look at the behaviour of the resonance line of Li on the Sun. 

This line is almost absent in the photosphere (WK < 1 A) and has an equivalent-width of > 200 mA in 
sunspots. How large the error in abundance may be when ignoring the contribution of spot-like areas to 
the observed spectrum depends strongly on the procedure of spectrum analysis. I can imagine that errors 
up to factor 10 may well arise. 
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