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The purpose of this paper i s to contribute to answer the question : why 

among A stars are there variable and "constant" s tars ? To do this we 

will f i r s t review the observational properties of these s t a r s , then dis

cuss the theoretical models based on the interplay between microscopic 

diffusion and rotation, and finally discuss the "unsolved" questions ! 

A Review of the properties of the A s tars in the ins tabi l i ty s t r ip 

Ci.e. on the main sequence from A2 to FO, and somewhat l a t e r types 

in giants] . 

1 Dwarf stars 

We will first restrict the problem to the main sequence stars because the

re the situation is clearer and more quantitative work has been done on it 

i.e. there exists photometric calibration which permits to compute M. ., 

log Tef f, ... 

1.1 On the main sequence among A stars the spectroscopists have recognized 

long ago the "normal stars" and the "metallic line stars" (1940). I 

do not want to discuss in detail the definition of the Am phenomenon. 

16 Astronomical I. 
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Figure 1.- Observational Hertzsprung-Russell diagram of Am and <5 Scuti 

stars based on the photometric system of the Geneva Observatory. 

X Am .6 Scuti from Baglin C1972) . 

Following Conti (19701 "the Am phenomenon is present in stars that 

have an apparent surface underabundance of Ca (and/or Sc] and/or 

apparent overabundance of the heavier (iron group) elements". The 

nature of the anomalies does not vary significantly with the tempera

ture CSmith, 1973) . 

From extensive search of variability in the instability strip 

Breger (1970) has suggested that typical Am stars are not variable, 

and vice et versa. This result has been confirmed up to now. 

Several doubtful cases have appeared, they have generally been 

solved in agreement with the preceding statement. Up to now, over 

more than 30 Am stars studied only three cases remain doubtful 

to my knowledge. 

HR 5491 a typical Am star has been observed variable by Bessel 

and Eggen (1972) . However the light curve seems to be very irregular. 

It has been reobserved since by several authors (Breger et al, 1972; 

Stobie and Eggen, 1973) and found constant. 

32 Vir which has been classified sometimes as an Am (Cameron, 

1967) but which also is considered as magnetic by BabcocK (1958) has 

been shown to be variable by Bartolini et al (1972). However it is 
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a very peculiar object; its spectrum is highly variable and the K line 

does not show the velocity variation of its orbital motion as the 

metallic lines do. It is probably a quite close binary composed of a 

normal A star and of an Am star (Breger, private communication). 

2 
v Dra has been proposed as a variable star by Mendoza and Gonzales 

(1974). However this variability needs to be checked. 

1.2 The variable stars have a "normal spectrum" and normal solar abundan

ces. With the present observational threshold (one thousandth of a 

magnitude) 34% of the "normal" stars have been detected as variable. 

I recall here Breger's result that the distribution of the amplitudes 

is consistent with the fact that all the normal stars are variable 

most of them having an undetectable amplitude. 
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Figure 2.- Histogram of the amplitudes of known variables. 

Undashed area : stars for which no variability can be esta

blished which lie in the instability strip. 

From Baglin et al, 1973. 

1.3 The main difference between "normal" and Am stars consists in the 

distribution of the rotationnal velocities. The first result of 

Slettebak (1955) has been confirmed by a more precise and extended 

work by Abt and Moyd (1973) : 

<V sin i> A = 33 km/s 
m 

<V sin i> A 
nor=141 km/s 

16* I. 
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1 1 1 i i r — r 

Figure 3 .- Distribution of the apparent rotational, velocities in Am and 

normal A stars from Abt and Moyd [1973]. 

Smith (1971] has noted that statistically the degree of metallicism 

decreases as V_ . increases. 
Rot 

As this question is of great importance for our purpose, let us 

comment on several difficulties. 

i- There are normal stars which rotate slowly. Out of 34 variables 

from the catalogue of 6 Scuti stars by Baglin et al (1 97 3] , 3 
-1 

have V sin i smaller than 50 km s which is compatible with a 

random distribution of the inclination angles. 

However HR 8584 which is a spectroscopic binary of period 2.3 days 

can hardly have a large inclination, its rotational velocity 

(32 km s ) is of the order of the synchronism velocity 

(2-5 km s ) (14 Aur, which is slightly evolved presents the same 

situation). 

In the Pleiades the distribution of the rotational velocities is 

analogous to that of the field stars. However no Am 

has been detected. So the intrinsically slowly rotating A stars 

of the cluster are probably not Am. 
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ii- Some Am stars seem to rotate rapidly. 

In the list of Abt and Moyd the fastest is HR 4646 with 95 km s . 

Smith (1972) has analysed HR 7774 and showed that the most proba

ble explanation of this system is : two rapidly rotating Am stars 

V = 120 km s J identical in a binary of period 61 days. However 

this very curious system needs more attention. 

Note : As all the "normal" stars are variable, there can be some 

difficulty in defining the rotational velocity as measured 

from the "half width" (see Valtier, this conference). 

1.4 Another parameter which is usually called upon to distinguish Am and 

"normal" stars is that Am stars are members of binaries. 

The periods are extremely variable from 1 to more than 100 days, i.e. 

the binary systems are sometimes very close and sometimes so detached 

that no interaction exists between them. 

However as shown by Zahn (1972) the binary motion through the dynami

cal tide produces a braking of the rotation of stars with a convec-

tive zone . The final state is that axes of intrinsic and binary 

motions are parallel and rotations are synchronized. 

The time scale of this process for an A star is smaller than the evolu

tionary time scale if the period is less than 6 days. However, 

observations seem to show that this critical period is longer ... 

In the following we will consider that the effect of the binary 

nature of A stars is to produce slow rotation. 

2 Subgiants and giants 

2.1 With respect to the "abundance" problem the situation is less clear 

than on the main sequence. The extension of the Am characteristics 

to this domain is under investigation. The Ca anomaly seems to 

decrease when the gravity decreases, though the Fe underabundance does 

not vary and Zr/Fe increases. In addition there seem to be a large 

variety of stars "with abnormal spectra" called by Breger the "cosmic 

garbage box" in which the spectroscopists have tried to distinguish 
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classes : & Del, F III p, X Boo, ... 

As seen from the discrepant spectral type determinations from diffe

rent authors, the visual classification is hazardous. Probably there 

are other mechanisms than the variation of the abundances which alter 

the aspect J>f the spectrum i.e. luminosity, variability. 

Now several detailed abundance analyses are available. From the most 

recent works (Kurtz cited by Breger, 1974b, and Ishikawa, 1973) 

the following results appear : 

- the shape of the H and Ca lines are generally normal for their 

Teff a n d g > 

- the iron abundance is normal, 

- the rare earth are enhanced by a factor ^ 3. 

2 No extended search for variability has been made on these stars so 

that no statistical results are avallable. 

- In the "cosmic garbage box" 9 out of 13 studied are known 

pulsators, generally with large amplitudes. 
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Figure 4 .- Interesting 6 Scuti stars with abnormal spectra 

from Breger (1974b). 
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Figure 5 .- Individual abundances of 6 Scuti stars 

from Ishikawa (1973). 

- There are also pulsators with normal spectra, i.e. 14 Aur, HR 432. 

2.3 Concerning the rotation parameter no definite statement can be made. 

Among normal stars the pulsators can be fast or slow rotators : 14 Aur 

cannot have a very small sin i and V R sin i = 30 km/s, HR 432 has 

broad lines corresponding to VR sin i = 110 km s 

In the "cosmic garbage box" there seems to be a tendency to have es

sentially a small rotational velocity and a large amplitude. 

However, if the anticorrelation between rotational velocity and ampli

tude close to the main sequence is still valid, the fast rotators should 

have small amplitude. As they are evolved, the period is longer 

(ex HR 432). These two conditions make them difficult to detect -
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B Theoretical interpretation. 

I recall the main result that the instability strip corresponds to sets 

of T ,.,-, g of the atmospheres for which the helium ionization zones are 
err 

properly situated to trigger a vibrational instability of the whole star. 

The contribution of the hydrogen ionization zone is not yet well understood 

because it is located in the high .outer layers where the motion is non 

linear. However,it seems that it is never the principal agent of instabili

ty (as proven by the good agreement between the observational and theore

tical borders of the instability strip, which are calculated in the S Scuti 

case at least, in the linear approximation). 

This vibrational instability has been established for the normal cosmic 

helium abundance y = 0.3 by weight. 

The idea comes to attribute the disappearance of the instability (in the 

same (log T , log g) region) to the disappearance of helium in these 

outerlayers, or at least to an important decrease of the He abundances. 

The influence of the helium content on the nature of the pulsation in the 

instability strip has been studied by Cox, King and Tabor (1973). The 

major result for the main sequence neighbourhood is that when y (in 

weight) becomes less than 0.2 the fundamental remains stable. 

Note that the He abundance of Am stars is not known. For the hottest 

ones where some lines are visible, Smith (1974-) has found that helium 

was deficient by a factor 3 to 5 in a Gem, 6 Leo and Sirius. This last 

determination contradicts the previous analysis of Kohl (1964) who 

found He normal in Sirius. 
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Then it becomes tempting to attribute to the same process the He and metals 

anomalies in Am stars. The microscopic diffusion as we will see can do the 

job. 

The last question is then : why diffusion processes can occur in slow rota

tor stars and not in fast ones? We will see how fast rotation can give a 

meansof mixing the outerlayers of these stars . 

Let us now go into the details of this model and then rediscuss the 

observational facts. 

1 Microscopic diffusion 

Let us recall the general equation of diffusion in a binary gas mixture as 

given by Chapman and Cowling (1960) 

u 1 - W 2 : - D 1 2 
i i 3 c l + n g - m i 1 3P m i m 2 ( F i - F 2 ) 
c l c 2 3 r cimi+C2m2 P 3 r (cimi+C2iti2 )kT 

1 3T 
+ a12f "37 (1) 

'12 

12 

:., F., velocity in the F direction, mass,concentration.external 

forces on particles of species i (i = 1, 2) 

coefficient of thermal diffusion 

coefficient of diffusion 

In the case of a test particle (of very small abundance) in completely ioni

zed hydrogen Aller and Chapman (1960) computed the electric field and obtai

ned the velocity of diffusion of an ionized test-particle assuming that the 

only forces acting are the electric and gravitational forces. This treat

ment is justified for A stars as the outerlayers are almost completely de

void of. neutral atoms. 
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1 3T 
8 r 

(2 ) 

k = 2A - 2 - 1 

k = 2.5U z
2 + O.805 (A - 2) 

D12 = 6.62 109 5 5 / 2 (n iM2 z2a) - 1 

n. is the number density of particles. 

ml + m2 

=loge(l+(^^)
2)^oge(

if^) 
2 slowly varying with T 

1/2 
dn= (A—^T") s 0 a-l°ge 

u Miuee^ c 

6.4 10' 
•16 T: 

Z^PAJ 

In the outerlayers of A stars where — - — = 0.5 the ratio of the pressure 

term to the thermal one is 
d l o g P 

k2 z2 

= °-5kf "f" 
i . e . of the order of 1 for helium and smaller for heavier elements. 

So generally the pressure term dominates. In this case the diffusion velo

city can be estimated by 

-2 D12 *1 | 1 ? = 10-22 5 A T 3 /2 p - l g ( 3 ) 
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£ is numerical coefficient close to 1 depending slightly on the com

position (A, 2, y) 

In the case of helium the direct use of these formulae raises some difficulties 

because helium .is not exactly a test particle. 

The error due to the neglect of the collisions between test particles can be 

estimated using the second approximation of D from Chapman and Cowling 

(1960). For the Cosmic helium abundance —2. = o.l it is of the order of seve
ns 

ral percents. However,the treatment of the electric field has "been modified 

taking into account the electrons coming from ionization of helium. Work 

is in progress on that point by Pamjatnickh and Michaud and Montmerle (pri

vate communication). 

2 Radiation pressure effect 

The electric force is not always the only external force acting on the par

ticles. Michaud (1970)' introduced the idea that the radiation field coming 

from the interior of the star will push the different atoms upward. The 

strength of this effect will depend on the interaction between the radiation 

field and the species i.e. on the spectrum of the radiations on the atomic 

structure of the species and probably on the abundance. 

The upward acceleration on atoms of species 2 is 

1 E Hi ,n \ , , <(> ( v ) dv 
g R = m 2 i , n ~ i t ~ v ° i > n ( v ) — 

(1+) 

where i and n are the ionization and excitation states —$ ( v ) dv is the 

energy density and a., n the absorption cross section of the atom in the 

state considered. 
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In the case we are interested in i.e. oujerlayers of A stars, for most spe

cies t 

lines. 

cies the only important contribution of g_ for heavy elements comes from the 

Then m g has to be considered as an external force in the expression of <o „, 
2 R ^ 

and after some modifications, using the perfect gas law approxination this 

term is added to the pressure term changing k to 

gR 
kR =2A (l - — ) - 2 - 1 (5) 

g 

assuming that no radiation pressure acts on protons. 

On this expression one sees clearly that if in a layer g becomes larger 
R 

than g the velocity of diffusion changes sign. 

Diffusion in A stars 

Using equation (3) one can estimate the diffusion velocity when knowing T and 

of the order of 10 cm s and t 

is approximately 10 to 10 years. 

p. In A stars it is of the order of 10 cm s and the corresponding time 
H-

scale t_ = 3L. -• --^ 5 . ,„6 ... * 
D <i)r "D 

Diffusion to take place needs a stable medium at least over this period. 

Convection which is a very powerful agent of mixing destroys immediately the 

effect of diffusion. Then, diffusion can take place only in radiative zone. 

But acting at the outerboundary of a convective region it is able to sort 

This time scale corresponds to the sorting of the whole outerlayer down to 

the bottom of the convective zone, as its dimension is comparable to H . 
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a whole convective zone (which remains homogeneous) above. 

In A stars the radiative zone intermediate between the two convective zones 

(see fig 6) is not stable and probably completely mixed by overshooting from 

the two convective zones, as proposed by Toomre et al (1975). In the homo

geneous model it can take place only at the bottom of the convective zone. 

But Vauclair, Vauclair and Pamjatnikh (1973) computed the influence of the 

diffusion of helium at the bottom of the convective zone on the structure of 

the models. They found that the outerlayers are deprived from helium in 10 

years and that the second convective zone disappears (fig 6 et 7). 

Then after 10 years, a stable star will be left with only a superficial 

convective zone. After this time has elapsed the diffusion processes will 

take place at the bottom of this zone. 

Let us now examine the problems of metals for which under/over abundances' 

have to be explained. This cannot be done with ordinary diffusion which will 

always have a tendency to deplete the surface of heavy elements. Then 

the influence of the radiation field becomes fundamental. 

o 
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Figure 6 .- Evolution of the second helium convective zone, from Vauclair 

Vauclair, Pamjatnikh (1973). 
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Figure 7 .- Variation of T, p, V,..,. . at the lower boundary of the 
diffusion J 

second helium convective zone during evolution from 

Vauclair, Vauclair, Pamjatnickh (1973). 

At the bottom of the second ionization zone, the effect is small, the 

diffusion velocities are too low. For radiation pressure to be efficient 

the sorting has to take place at lower temperature. This is possible if 

the separation of metals takes place after the disappearance of the second 

convective zone, at the bottom of the first one. 

Detailed computations of g are now available from the work of Kobayashi 
R 

and Osaki (1973) for several elements Sc, Sr, Y, Zr (fig 8). In these 

computations the gravity is 10 and the radiation pressure force is given 

as a function of depth, and of the abundance. 

Figure 8 .- Upward acceleration due to the radiative force on Sc, Sr, Y, Zr 

as a function of the depth of the envelope for the case Oe = 0.6. 

Arrows indicate the location of the convective zones. 
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4 
The authors found that "around 3.5 10 d°K" the radiation force acting on Sc 

is smaller than the gravitational force, while the.radiation pressure forces 

acting on Sr, Y and Zr are larger than the gravitational, force. Fig 9 

illustrates the extreme sensitivity of the radiation force to the temperature; 

in particular the existence of a low g domain imposes drastic conditions on 
K 

the temperature at the level where diffusion takes place. 

Is 
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0, =0.5 

/s* ~^T2J) • 
// ,. • 25 

Iff/ ~"35 ' 
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Figure 9 .- Same thing for Sc and different values of Te. 

The case of calcium has not bean treated in detail but due to its electronic 

structure it has a similar behaviour to Sc. 

These results should be taken only qualitatively : the treatment needs still 

many improvements as for example the influence of the different ions of the 

same species present at the same time. In that case for which the coefficient 
-2 

of diffusion being proportionnal to Z , Schatzman and Alecian (private 

communication) have shown that the diffusion velocity is the weighted sum 

of the diffusion velocities of the different ions 

WD = I x (i) w(i) 
i 

(6) 

where x(i) is the degree of ionization of the ion i, and w(i) its diffusion 

velocity as computed from eq (2). 

The underabundance of Sc (or Ca) is the most difficult to obtain and necessi

tates very drastic conditions on Te (and/or g) whereas the overabundances of 
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heavy metals seem to be more easy to explain.The discussion of the abundances 

of the giants showed that, though the Ca deficiency seems to disappear, the 

heavy metals overabundance is very frequent, even in pulsating stars. 

Time scale of sorting : Velocities of diffusion are 5 10 cm s for Ca 
-4 -1 

and Sc and 10 cm s for Sr, Y, Zr, leading to time scales of the order of 
5 6 

10 to 10 years. 

The age of Am stars seems to be highly variable. Smith (1972) searching for 

Am stars in clusters found some of them in very young clusters like Ori Ic 

which is 10 years old. Then this diffusion time scale is short enough 

to explain all the Am. 

Predicted values of over(under) abundances : As there is enough time for 

diffusion to proceed, the equilibrium abundances should be reached. They 

satisfy co = 0 i.e. 

c 3r A V g / P 3r 

As A is large for metals (= 100) the concentration gradient will be steep 

and the equilibrium abundance quite extreme. 

This effect can be somehow reduced by the saturation of g which can be seen 
K 

in fig 9. 

When the abundance of the element is small the acceleration is independent 

of it. But when the element becomes a major contributor to the opacity, the 

process saturates and g is proportionnal to N . Eventhough, the equilibrium 

abundances would be much more extreme than the observed ones (30 at most). 

Then as discussed in Schatzman (1969) a diffusion barrier is needed. 

To sum up let us summarize what the theory of diffusion is probably able 

to explain in A stars. 
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Assuming that for some reason, (see sect. Ill) the outerlayers of Am stars 

are stable it predicts that : 

1) the Am envelopes are deprived from helium. 

This point explains why the Am do not pulsate. Vauclair, Vauclair and 

Pamjatnick (1973) have shown that after 10 years the second convective 

zone, responsible for the driving of the pulsation disappears. So, 

after this time has elapsed the pulsation cannot be fed anymore. 

2) the sign of the abundances anomalies for the most important metals 

are explained, though some difficulties remain in the quantitative re

sults. 

3 Mixing 

Let us examine now the question : why are the homogeneous and sorted stars 

in the same log T „ , log g domain which is the theoretical equivalent of 

"why are there normal and Am stars in the same region of the HR diagram" 

To have variable normal stars the diffusion of helium below the second con

vective zone has to be prevented by some "mixing agent", which should not 

be present in the slowly rotating Am stars. 

The main difficulty in this kind of problem is that we do not know a general 

criterion for stability. What has been done up to now is to list some ins

tabilities and study conditions under which they take place. We do not know 

either how to describe the state of motion produced by these instabilities. 

So we are left with very rough estimates quite unsatisfactory. 

3.1 Meridional circulation 

The well known Eddington-Sweet meridional circulation present in all 

rotating stars i$ certainly in itself a way of mixing. It is due to 

the thermal unbalance between pole and equator. The horizontal compo

nent drives away the elements from the surface to the interior and 

the vertical component produces a flux of matter through the convecti

ve zone. Only in the case of solid body rotation the velocity field 

(Mestel, 1965) can be computed easily; the boundary of the convective 

17 Atsronomical I. 
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zone is a singularity for the velocity field. However the overshooting 

(over a scale height of the order of H ) erases this singularity. 

As remarked by Baglin (1972) the horizontal flow does not stop diffu

sion. But the time scale is lengthened. The lengthening depends on 

the exact topology of the motion in the convective zone like the shape 

of the cells, etc., ... 

The time scale of the mixing of the outer zones can be estimated by the 

time needed to refill with new matter an outer layer of mass AM. 

Using the value of the vertical component as given by Mestel (1965) 

v I R «£* (8) 
r PtRH g 

where fi,R,g,p,p have their usual meaning and t„„ is the Kelvin 

Helmholtz time scale , this time is 

t = M t «£R_ _ 1 (9) 
tMC M KH g

 K*J 

This time scale is somewhat longer than the diffusion time . For 

this process to work,the meridional velocity field has to be completely 

stable and this does not conserve the solid body rotation. 

3.2 Turbulent mixing from the shear of the meridional circulation 

Below the surface, there is a shear due to the variation with depth of 

tangential velocity. Baglin (1972) studied the onset of turbulence due 

to this shear. For incompressible fluids the condition for a shear flow 

to become turbulent is that the Reynolds number Re becomes larcrer than 

a critical value of the order several thousands 

V61 Re = > R- • do) 
V 

In stars, v , the viscosity is dominated by the radiative viscosity in 

the physical conditions we are interested in. 
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7 5 -3 
v= vQ T p (with a Kramer opacity law). 

It is generally very ŝ iall so that Reynolds numbers are high and shear insta

bilities are favoured. 

Using for the approximation of the horizontal velocity field, the same 

as in eq 8, one defines the characteristic length of the shear 

i= (|r mveP 

And the condition for the onset of turbulence is then 

T~ '5 p 2 V2 > Const. (11) 

which defines a critical velocity above which the flow becomes turhulent. 

Using classical parameters for A stars Baglin (1972) obtained 

V . = 50 km s for turbulence below the second helium convective zone. 
crit 

However this result suffers quite important criticism. 

This instability will determine the critical velocity of mixing only 

if it is the only one working at low rotational velocities. 

3 Differential rotation 

Zahn (197M-) has shown that differential rotation in itself should be 

a very powerful agent of destabilization. 

At least in the slow rotation regime the meridional circulation velo

city field induces a differential rotation as a consequence of the 

conservation of angular momentum. In this process a gradient of 

angular velocity is built, for which the Reynold number becomes very 

rapidly larger than the Reynolds number associated to the shear. 

R e j - « + = Re , x a At (12) 
diff rot shear v ' 

over a time At. 

This shows that the destabilization due to the building of differential 

rotation appears rapidly. However a detailed treatment of the dif

fusion of angular momentum is badly needed to settle the point and 

make quantitative estimates. 

In gravitating media horizontal and vertical motions have different 

17* I. 
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behaviours. Vertical motions are helped by the density stratification 

and they are submitted to the Richardson criterion of instability. 

However, taking into account the thermal diffusion, this criterion 

should be modified(as shown by Zahn 1974) strengthening the stability 

in the vertical direction 

(» ^ 2 ' " R= fp (Vad-Vrad) 

w is the distance to the axis of rotation 

o thePrandtl number ratio viscosity over thermal conductivity. 

Then, the following picture emerges. 

Let us define two critical "equatorial velocities". 

V corresponding to the onset of instability of the meridional 

circulation or differential rotation induced by it through the 

Reynolds criterion. 

V corresponding to the instability in the vertical direction. 

In the very low rotation regime V < V the outerlayers are stable. 

Diffusion proceeds freely with the time scale computed precedingly. 

In the high velocity regime V > V a strong 3 dimensional turbulence 

sets in which mixes very rapidly the medium. This will be the regime 

of the variables. 

In the intermediate regime V < V < V turbulence in the horizontal 
1 2 

direction settles. It uniformizes the angular momentum over spheres. 

As motions are mostly horizontal they should not help diffusion, 

3.4 Turbulent diffusion 

Schatzman (1969) has shown that even in slowly rotating stars stellar 

spin-down or meridional circulation can produce a small turbulence 

sufficient to minimize the sorting. However in his model radiation pres-
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sure was not included and all estimates were made at the bottom of the 

second convective zone, which makes the numerical results difficult to 

use. 

The "horizontal turbulence" which probably exists in the domain 

V < V < V might also act as a "diffusion barrier". However no 

exists up to now of the corresponding structure of the motions. 

Ill Discussion. 

Let us list now the main difficulties encountered in this problem. 

1- From the theoretical point of view, though we can give a rough sketch of 

the probable processes acting an exact treatment is far from our 

knowledge. The correct description of the hydrodynamical 

behaviour of the gas of a rotating star cannot be reached without a comple

te treatment of the three dimensional problem. Though several instability 

criteria can be derived the state of motion is unknown. 

2- Fast rotators with Am abundances. Except if there is a strong agent 

which forces solid body rotation it is difficult to understand how 

instabilities could not develop. As usual a strong magnetic field can be 

invoked. 

3- The slowly rotating variables. To interpret them one needs to find a pro

cess of mixing. Until we have an idea of the physical difference between 

these slow rotating variables and the corresponding slow rotating Am, 

it is difficult to attribute the mixing to a particular process, though 

we can imagine that other instabilities than those which have been studied 

here can exist. 

These two last points probably mean that the situation is more than one para

meter dependent and that other processes perturb the interplay between sorting 

and mixing, though up to now they are not known. 
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4- The situation in the giant domain. 

The abundances anomalies found here do not seem to be too difficult to 

understand, as the disappearance of the underabundance of Sc (or Ca) 

can be attributed to a slight variation of the physical parameters of 

the region of sorting. 

However the fact that "constant" as well as "pulsators" seem to have 

the same kind of abundances-anomalies is difficult to understand. 

The deepening of the ionization zones during the evolution from the 

main sequence to the giant branch should lengthen the diffusion times 

scales. If the diffusion time scale becomes larger than the evolutiona

ry one (which is becoming shorter and shorter) the abundances could 

be only the fossil remnants of the abundances on the main sequence. 

The interpretation of all these facts are to my point of view a very 

interesting field of investigation which will give us new clues to the 

hydrodynamical behaviour of the outerlayers of the stars. 

References 

Abt, H.A. 1965, Astrophys. J. Suppl. 11, 429 

Abt, H.A., Moyd, K.I. 1973, Astrophys. J. 182, 809 

Aller, L.H., Chapman, S. 1960, Astrophys. J. 132, i*61 

Babcock, H.W. 1958, Astrophys. J. Suppl. 3_, 141 

Baglin, A. 1972, Astron. and Astrophys. _19, 45 

Baglin, A. , Breger, M., Chevalier, C , Hauck, B., Le Contel, J.M., 

Sareyan, J.P., Valtier, J.C. 1972, Astron. and Astrophys. J23, 221 

Bartolini, C , Gilli, F., Parmeggiani, G. 1972, I.A.U. Inf. Bull. Com. 27 

n°704 

Bessel, M.S., Eggen, O.J. 1972, Publ. Astr. Soc. Pac. jW, 72 

Breger, M. 1970, Astrophys. J. jJ52_, 597 

Breger, M. 1974a, Symp. IAU n° 59 Stellar Instabilities and Evolution 

Ledoux et al (ed), D. Reidel Publishing Company. 

Breger, M. 1974b, Symp. IAU n° 67 Moscou 

Breger, M., Maitzen, H.M., Cowley, A.P. 1972, Publ. Astron. Soc. Pac. jJ4_, 

443 

Cameron, R.C. 1967 in Magnetic and Related Stars, p. 567, 

Monobook Corporation, Baltimore 

https://doi.org/10.1017/S0252921100061984 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100061984


245 

Chapman, S., Cowling, T.G. 1960, Mathematical Theory of non uniform Gases, 

Cambridge University Press. 

Conti, P. 1970, Publ. Astron. Soc. Pac. 8_2, 781 

Cox, A.N., King, D.S., Tabor, J.E. 1973, Astrophys. J. 184, 201 

Deutsch, A.J. 1967, in Magnetic and Related Stars, p. 181, 

Monobook Corporation, Baltimore. 

Ishikawa, M. 1973, Publ. Astron. Soc. Japan 25_, 111 

Kobayashi, M., Osaki, Y. 1973, Publ. Astron. Soc. Japan 2J5_, 495 

Kohl, K. 1964, Zeit. fur Astrofys. 60_, 115 

Mestel, L. 1965, in Stars and Stellar Systems, vol. 8, 

Mc Laughlin and Aller ad. (Univ. Chicago Press). 

Mendoza, E.E.V., Gonzales, S.F.P. 1974, Revisto Mexicana de A. y A. _1, 67 

Michaud, G. 1970, Astrophys. J. 160, 641 

Schatzman, E. 1969, Astron. and Astrophys. 3_, 331 

Slettebak), A. 1955, Astrophys. J. m _ , 653 

Smith, M.A. 1971, Astron. and Astrophys. 11, 325 

Smith, M.A. 1972a, Astron. and Astrophys. _19_, 312 

Smith, M.A. 1972b, Astrophys. J. _17_5, 765 

Smith, M.A. 1973, Astrophys. J. Suppl. 25_, 277 

Smith, M.A. 1974, Astrophys. J. _189, 101 

Toomre, Y., Zahn, J.P., Latour, J., Spiegel, E.A. 1975, preprint. 

Vauclair, G., Vauclair, S., Pamjatnikh, A. 1974, Astron. and Astrophys. 

Zl_, 63 

Zahn, J.P. 1972, C.R.A.S. 274-, 1443 

Zahn, J.P. 1974, in IAU Symp. n° 59 Stellar Instabilities and Evolution 

p. 185, Ledoux et al ed. Reidel Publishing Company. 

Discussion to the paper of BAGLIN 

FITCH: If you need a mixing mechanism to explain the observed 

pulsation of some slow rotators, would tidally driven 

mixing currents help? 

BAGLIN: Even in the case of 14 Aur, probably the perturbation is 

too small to be significant. 

MOLNAR: You mentioned a problem with the diffusion mechanism is 

that it is too efficient. That is, overabundances should 

be larger in your stars than they are observed to be. 

https://doi.org/10.1017/S0252921100061984 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100061984


2 46 

One way to quench the diffusion mechanism (in middle A 

and late A stars) is the effect of increasing ultra

violet opacities. For these stars, a small metal over

abundance quickly cuts off the ultraviolet radiation, 

halting the upward diffusion of the heavy elements. 

Because the ultraviolet radiation is the main driving 

force in a stellar atmosphere, future diffusion models 

should include the effects of increasing metal opacities. 

BARTOLINI: I would like to show the results of my observations of 

32 Vir, taken at the Bologna Observatory during the 

three consecutive nights of 20, 21, 22 March 1973. At the 

beginning of the first night the star was practically 

constant, but after 0.3 it was clearly pulsating. During 

the second night the star was pulsating with increasing 

amplitude. Pulsations were present at the beginning of 

the third night but stopped at the end. From these 

observations it is possible to deduce two times of mini

mum amplitude; their difference of 1.8 is a multiple 

of the beat period. I think the beat period should be 

P, ~ 0.6, while the fundamental period is P = 0.076. 
b ' o 

FROLOV: I would like to point out that there is a 6 Scuti star 

which is also an Am star, namely BS 3588 = FZ Vel. 

BAGLIN: Before making a definite statement on such a star, it has 

to be studied in detail. Among A stars, binaries are 

frequent, and often difficult to distinguish spectro-

scopically because they are generally associated with 

another A star, as for example 32 Vir. On the other 

hand, as I have shown, the luminosity class is an 

important parameter. 
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