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Abstract. A summary of the main results and problems concerning explosive and eruptive stars is given. 
The way in which the observations are related to the internal structure problems is briefly explained. 
Suggestions for further work are made: (1) dynamo theory, supersonic turbulence, stability of the envelope 
of T Tau stars; (2) rate of exchange of matter in close binary as the final clue to the thermal runaway 
theory of novae. 

1. Aims and Limits of the Review 

Explosive and eruptive stars are two very different classes of non stable stars. This 
has been shown a long time ago by Schatzman (1955) and by Ledoux (1957) (Table I), 

TABLE I 
The ratio (E/Lt) of the energy available during outbursts and in between outbursts 

Class AL/L E/Lt 

-0.01 
1 ? 
3 to 5 
1 to 1/2 
1 to 1/2 ? 

by comparing the energy available during the explosive or eruptive phase £, and the 
energy available Lt in between two such phases. The comparison is clearly in favour 
of a nuclear process for the explosive stars, and in favour of a less concentrated storage 
of energy for the eruptive stars. In fact, it seems quite reasonable to assume that the 
eruptive processes, similar to the solar eruptive processes, are due to some kind of 
plasma instability. 

As far as we are concerned here, we do not intend to deal with all aspects of the 
eruptive and explosive stars, but only with the properties which derive from the in­
ternal constitution of these objects and the instability mechanisms. 

2. Eruptive Stars 

2.1. PROPERTIES AND CLASSIFICATION 

In the absence of a complete understanding of the eruptive stars, it is necessary to 
rely first on the empirical results concerning this class of stars. It is generally accepted, 
since the work of Haro (1968), Herbig (1962) and Ambarzoumian and Mirzoyan 
(1971), that the Herbig-Haro objects, the T Tauri stars and the UV Ceti stars represent 
an evolutionary sequence. The continuity of the spectroscopic properties is the basis 
of the idea of the physical continuity of the sequence. 
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Flare stars 5-100 
T Tauri stars 10- 20 
U Geminorum stars 30- 50 
Recurrent novae 
Classical novae 
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However, the variability of the T Tau stars and that of the UV Ceti stars have a 
completely different behaviour. The nature of the variability of the UV Ceti stars seems 
to be well established since Lovell et al (1963), following a suggestion by Schatzman 
(1959), proved the association of radio bursts (similar to the type III and type II solar 
radio bursts) with the optical flare stars. The association suggests very strongly that 
an electromagnetic process, very similar to the process observed at the surface of the 
Sun, takes place at the surface of the flare stars. This can be interpreted as due to the 
presence of a deep convective zone, in which a dynamo mechanism generates a system 
of magnetic spots, which, in turn generate the instability responsible both for the 
optical flare and for the fast particles which emit or stimulate the radio emission. 
Observation of the rotation of a dark spot at the surface of d Me stars by Torres and 
Ferraz Mello (1973) is very much in favour of such an interpretation. Gershberg 
(1970a, 1970b) claims that the observations are consistent with the assumption that 
the star has a rotation period of several hours and that the strong flares occur only 
in some active region of the star surface. 

The question of a period of activity, similar to the solar cycle has been raised. The 
IAU (1970) report of the working group on flare stars mentions that no conclusions 
have been reached as yet. 

The analysis by Kuhi (1964) of the spectrum of the T Tauri stars was very successful 
in explaining correctly the excitation and the line profile of the emission spectrum. 
However, his velocity field implies that matter leaves the star without having the es­
cape velocity but does not fall back on the star. A recent model of Prentice (1973) 
suggests that matter goes up, under the action of buoyancy force, in needle like super­
sonic eddies which are finally decelerated and then form a rarefied descending atmo­
sphere. 

These models account for the T Tau star 'mass ejection' phenomenon, without any 
net mass loss for the star. Prentice's model presents the interest of building up a dense 
outer non-turbulent shell. The corresponding inversion density strongly suggests the 
presence of a Taylor instability. This has not been studied by Prentice, but we can 
estimate the time scale of the instability a2 = gk, by assuming that k~1 is of the order 
of the scale height of the supersonic turbulent region. This gives a time scale for the 
instability of the order of a day. This is clearly not of the order of the time scale of 
the light variations of T Tauri stars, as given by Herbig (1962). 

The suggestion made here is that the T Tauri activity is not a blend of flares of 
varying intensity but is related to the building of the outer layers. It is not possible, 
for the time being, to describe more precisely a model of the instability of the T Tauri 
stars. 

2.2. EVOLUTION AND AGE 

The model which relates stellar rotation, age, and electromagnetic activity, is now 
well accepted. However, the present state of the dynamo theory does not give the 
possibility of a precise description of the observed phenomena. The dynamo theory, 
in its various forms (Lerche 1971a, 1971b, and Steinbeck and Krause, 1969) gives a 
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good description of the behaviour of the average magnetic field, including both the 
effects of helicity and rotation. However, the description of the properties of the rms 
fluctuations of the magnetic field, <(|<5£|)2>1/2 is still insufficient to lead, for example, 
to a real understanding of the production of the sun spots. It is likely that the cyclic 
activity of a star is related to the thickness of the convective zone. A fully convective 
star is unlikely to behave like a star with a convective zone of finite thickness. In the 
same way, the rate of change of the activity with the angular velocity is, for the time 
being a purely empirical fact, without any quantitative estimate, but for the trivial 
statement that the activity decreases with the angular velocity. This can be considered 
as being confirmed by the observations of flash stars in clusters. According to Haro 
(1968), flare stars are less massive and colder in old clusters. As shown by Gershberg 
and PikeFner (1972), the properties of flare stars fit well in the whole picture of stellar 
evolution, activity and stellar structure. 

The amount of energy which goes into mass ejection, and the magnetic field de­
termine the rate of exchange of angular momentum. Gershberg and Pikel'ner (1972) 
give estimates of the relevant quantities. Unsold (1957) suggested that a substantial 
part of the galactic cosmic ray flux has its origin in stellar flares. Hudson et al. (1971) 
suggested the existence of a class of unresolved low luminosity X-ray sources to ac­
count for the observations. Edwards (1971) supports the suggestion of Hudson et al 
but shows that the energy radiated in soft X-rays is probably of the order of 1% of 
the optical flare energy, more or less in agreement with the value of 10% quoted by 
Thomas and Teske (1971) for the solar flares. 

The frequency of the optical flares as a function of their magnitude has been given 
by Kunkel (1973). It gives the possibility of estimating more precisely the amount of 
energy going into the flares, which is altogether a small fraction of the luminosity of 
the star. As a consequence, the rate of evolution of flare stars is not appreciably 
changed when including the energy of the flares. This is confirmed by the analysis 
ofGurzadyan(1971). 

Further study of flare stars present a great interest both from the physical and the 
astrophysical points of view: 

(1) It can lead to a better and quantitative understanding of the dynamo mech­
anism. 

(2) It can lead to a better and quantitative understanding of the relation between 
age and rotation. 

(3) Other properties are more directly related to the physics of the surface phe­
nomena (X-rays, cosmic rays, radio emission) and are important both in themselves 
(e.g. accelerating mechanisms) and for the evolutionary processes. 

3. Explosive Stars 

3.1. MODELS OF NOVAE AND U GEMINORUM STARS 

The suggestion by Schatzman (1956, 1958) that all prenovae and U Geminorum stars 
are double stars was proved by Kraft (1964). Since that time the greatest advance in 

https://doi.org/10.1017/S007418090023739X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090023739X


120 E. SCHATZMAN 

the subject was probably the analysis, by Saslaw (1968) of the thermal runaway due 
to accretion. The white dwarf, in the double star, accretes matter shed from the larger 
star through the inner Lagrange point. 

The thermal runaway depends, for a given mass, both from the internal temper­
ature of the white dwarf and from the rate of accretion. Similar models have been 
studied by Giannone and Weigert (1967) and by Rose (1968), but failed to yield the 
typical energy of nova DQ Herculis 1934. By including the effect of an accretion shock 
Starrfield (1971a, 1971b), succeeded in obtaining the necessary energy. The objections 
of Schatzman (1965) to the thermal runaway were valid only for a very slow rise of 
the rate of energy generation and are not valid in the case of fast accretion. 

Further work by Starrfield et al (1972), using a more detailed hydrodynamic code, 
has led to a better agreement. Their result is sustained by the production of 13C, 1 70. 
Further confirmation can be found in the analysis of the isotopic production in hot 
CNO-Ne cycle by Audouze et al (1973). Altogether, the thermal runaway seems now 
the well established mechanism of the nova outburst. Weaver (1973) has shown that 
the model leads to a complete understanding of Nova Aql 1918. 

The interest of the thermal runaway is that it can produce an increase in luminosity 
without any mass loss. This seems to be the case of the U Gem stars. The connection 
between the theory of thermal runaway and the impulsive generation of non radial 
oscillations is well established by the observations of Warner (1974). 

4. Conclusions 

As far as such general considerations are useful, we may notice that the theory of 
explosive variables is much more advanced than the theory of eruptive variables. The 
reason is that the explosions depend on thermonuclear processes and transport pro­
cesses which are fairly well understood and leaves out completely the problem of the 
accretion rate, which is just kept as a parameter. On the other hand, the mechanism 
of eruptive variables is due to turbulent processes which remain presently one of the 
unresolved problems of physics. 
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