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A B S T R A C T . An analysis is made of the velocity field determined from spectral absorption line 
profiles as well as inhomogeneous element sizes obtained from stochastic theory. The results of 
three-dimensional simulations of convective motions in the photospheres of the Sun and Procyon 
are presented. It is concluded that penetrative convection covers a considerable fraction of the 
Procyon photosphere. 

V e l o c i t y f i e lds i n t h e s o l a r a n d P r o c y o n p h o t o s p h e r e s . I n h o m o g e n e o u s e l e m e n t 
s i zes o b t a i n e d f r o m s p e c t r a l l i n e p ro f i l e s 

Equivalent widths and central depths of selected lines of neutral iron have been determined 
from an atlas of the Sun as a star (Kurucz et al., 1984) and the Procyon atlas (Griffin and 
Griffin, 1979). Spectral line profiles from the Procyon atlas were corrected for instrumental 
distortion in accordance with data given by Mackle et al. (1975). 

The turbulence parameters were determined together with the iron abundance by a 
method of Gurtovenko and Kostik (1989). The calculations were performed with the SPANSAT 
program (Gadun and Sheminova, 1988). The Holweger-Müller model (1974) was used for the 
Sun, the Steffen (1985) model for Procyon with the parameters T e / / = 6500 and log<7 = 4.04, 
and with solar abundances. Rotation was taken into account through direct averaging of the 
intensity profiles over the disk. Effective line formation depths were calculated using the 
depression contribution functions. 

The sizes of the photospheric inhomogeneities were estimated using stochastic line for-
mation theory (the Uhlenbeck-Ornstein process), which contains two free parameters: Z, 
the element size, and £, the RMS velocity, where ξ2 = + V ^ a . Using known chemical 
abundances, L can then be determined by fitting theoretical equivalent widths and central 
depths with corresponding observed values. 

Fourty-five neutral iron lines with empirical oscillator strengths and excitation potentials 
of the lower level from 0.05 to 2.61 eV were used. The iron abundance was found to be 
7.64 ± 0.3 in the solar and 7.53 ± 1.0 in the Procyon photosphere. The dependence of V m t , 
Vma, and L on geometrical height are given in Figures 1 and 2. It is seen from these figures 
that 
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Figure 1. Dependence of Vmi, Vma, and L on geometrical height h in t he solar photosphere . 
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Figure 2. Dependence of Vm 

sphere . 
x , and L on geometrical height h in t he Procyon photo-

- t he ampl i tude of t he general velocity field in the Procyon photosphere is twice as large as 
in t he solar photosphere ; 

- t he micro turbulent velocity in t he Procyon photosphere increases wi th height b u t with a 
local decrease a t a height of abou t 300 k m . T h e solar microturbulent velocity decreases 
with height; 

- t h e behaviour of L in the solar photosphere can be in terpre ted as follows. Three regions 
can be identified in the solar photosphere : the penet ra t ive convection region (h < 310 
k m ) , t h e in te rmedia te region (h = 310 — 370 k m ) , and t h e oscillation region (h > 370 
k m ) . The i r heights are determined from t h e observed spec t rum of t he Sun as a s tar , since 
they differ from those for the disk centre (Atroshchenko et al. , 1989a). In the case of 
Procyon pene t ra t ive convection is t he domina t ing feature (Figure 2); 

https://doi.org/10.1017/S0074180900044429 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044429


423 

- t he region where Vm{ increases coincides wi th t h a t where t he element sizes decrease. Thus 
an increase of Vmi wi th height may indicate the existence of f ragmentat ion processes of 
vortices in t he Procyon photosphere . 

G e n e r a l r e s u l t s o f d i r e c t n u m e r i c a l s i m u l a t i o n s o f c o n v e c t i v e m o t i o n s in t h e so lar 
a n d P r o c y o n p h o t o s p h e r e s 

T h e ideas and computa t iona l schemes have been described by G a d u n (1986) and Atroshchenko 
et al . (1989b) in detai l . T h e main results are shown in Figures 3 - 6 . T h e following conclu-
sions may be m a d e : 
1. Convective mot ions pene t r a t e in to the stable solar photospheric layers, t o heights of 

200 — 300 km. In the Procyon case penetra t ive convection covers vir tually t he entire 
computa t iona l region (up to 1000 km, from r 5 = 1). 
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Figure 3 . Calculated velocities in t he solar a n d Procyon envelopes. 
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Figure 4. RMS t empe ra tu r e fluctuations from the three-dimensional inhomogeneous solar 
and Procyon models . 
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2. Calculated convective velocities in the Procyon photosphere are found to be twice as large 
as in the Sun. 

3. The temperature fluctuations for the Sun and Procyon are similar, but they decrease 
slower with height in the Procyon photosphere. 

4. As a consequence, the intensity fluctuations in the Procyon photosphere are higher than 
for the Sun. 

5. The greater penetration of hot elements into the stable Procyon layers is the cause of the 
inverse limb-effect behaviour as compared with the solar case. 
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Figure 5. Relative RMS intensity fluctuations from the three-dimensional inhomogeneous 
models. 
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Figure 6. The limb-effect calculated from three-dimensional models. 
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Accordingly penet ra t ive convection plays a considerably larger role in t he photosphere of 
Procyon t h a n in t he Sun. 

R e f e r e n c e s 

Atroshchenko, I.N., Gadun , A.S . , Kostik, R.I . (1989a) Solar and Stellar Granulation, N A T O 
ASI Series C 2 6 3 , 135. 

Atroshchenko, I.N., G a d u n , A.S. , Kostik, R.I . (1989b) Solar and Stellar Granulation, N A T O 
ASI Series C 2 6 3 , 521. 

G a d u n , A .S . (1986) Prepr in t I T P of Ac. Sc. Ukr . SSR, ITP-86-106R, Kiev. 
Gadun , A.S. , Sheminova, V.A. (1988) 'SPANSAT: P rog ram for L T E Calculat ions of Absorb-

tion Line Profiles in Stellar Atmospheres ' , Prepr in t ITP-88-87R, Kiev. 
Griffin, R., Griffin, R. (1979) A Photometric Atlas of the Spectrum of Procyon 3140 - 7470 

Â, Cambr idge , UK. 
Gurtovenko, E.A., Kostik, R.I . (1989) Fraunhoferov Spektr i Sistema Sil Oscillatorov 4 4 , 

Kiev. 
Holweger, H. , Müller, E.A. (1974) Solar Phys. 3 9 , 19. 
Kurucz , R.L. , Furenlid, I., Brau l t , J . , Tes te rman, L. (1984), Solar Flux Atlas from 290 to 

1300 nm, Harvard University. 
Mackle, R., Griffin, R., Griffin, R., Holweger, H. (1975) Astron. Astrophys. Suppl. Ser. 19 , 

303. 
Steffen, M. (1985) Astron. Astrophys. Suppl. Ser. 59 , 403. 

https://doi.org/10.1017/S0074180900044429 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900044429

