
TOM 58 АВГУСТ, 2015 ВЫПУСК 3

PHYSICAL CONDITIONS IN REGIONS OF LINE 
FORMATION OF SOLAR TYPE STARS

L.H.RODRIGUEZ-MERINO1, O.CARDONA1, A.FLORES2 
Received 8 May 2015

Accepted 24 June 2015

Wc present the physical parameters of the regions with spectral Une formation of a set 
of stars classified as G2. The method employed in this analysis only requires the full width at 
half maximum of each spectral Une, the effective temperature of the star and few basic atomic 
parameters. The physical parameters estimated in this work arc compared with results obtained 
with stellar atmosphere models.
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1. Introduction. Solar type stars play an important role in the search 
of life. Currently there are several instruments in operation with the main goal 
to look for planets located in habitable zones (e.g. The Kepler Mission). This 
type of star presents the optimal conditions for sustaining life because of the 
low ultraviolet emission, therefore it is mandatory to understand as well as 
possible the physics of their atmospheres.

Several astrophysical groups have developed numerical codes to model both 
the stellar atmospheres and the line profile spectra, in some cases codes and 
results are available to the astronomical community, like Atlas9 and Synthe 
codes built by Kurucz [1,2]' or Tlusty and Synspcc codes built by Hubeny 
& Lanz [3]2. The numerical codes compute the atmosphere models based on 
different arguments; Local Thermodynamics Equilibrium (LTE), Non Local 
Thermodynamics Equilibrium (NLTE), plane parallel atmospheres, spherical 
atmospheres, etc. Once a stellar atmosphere model has been computed is 
possible to calculate the spectral energy7 distribution emitted by the atmosphere 
model, within the process of computing the atmosphere model and the 
spectrum is feasible to follow the change of some physical parameters as 
function of the physical depth in the atmosphere.

In order to find out an alternative procedure to make a diagnostics of the 
physical conditions of regions in stellar atmosphere where spectral lines are 
being formed, Cardona [4] has performed a statistical mechanics analysis of

' http://kurucz. harvard, edu/
* http://nova.astro. umd. edu/ 
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the atomic line broadening by thermal energy fluctuations in a gaseous system. 
He found that the width of an atomic spectral line is strongly correlated with 
the physical conditions of the line forming region. The physical parameters 
associated with the full width at half maximum (fwhm) of a spectroscopic line 
are the temperature, the number density of particles, and the principal quantum 
numbers related with the transition which produces the line. Based on this 
method, Cardona et al. [5] have performed an analysis of the region in the 
atmosphere of two stars, the white dwarf star G191-B2B and the variable star 
V803-Cen, where the Lyman-Ç line is being formed. Their conclusions were 
compared with results of atmosphere models.

Now using the equations obtained by Cardona [4] we determined the physical 
conditions of regions in the atmosphere of solar type stars where the Balmer 
and magnesium lines are being formed. In order to be more confident with the 
parameters estimated in this study we performed a comparison with the results 
of the solar atmosphere model. The paper is organized as follows: In Section 
2 we present the theoretical arguments employed to infer the physical properties 
of the regions with spectral line formation. In Section 3, we describe the 
observational data used in tills work. The method followed to measure the fwhm 
of the selected spectral lines, and the results are described in Section 4. In 
Section 5 we perform a comparison between the newly properties determined 
with results obtained with the computation of a stellar atmosphere model. The 
use of the fwhm of an atomic spectral line as a tool to determine physical 
properties of the stellar atmosphere is discussed in Section 6.

2. Broadening of spectral Unes. The spectral lines of an isolated atom 
arc, in principle, nearly perfectly sharp, however due to the finite lifetime of 
the energy levels, the lines are naturally broaden. The spectral energy distri
bution emitted by the plasma of a stellar atmosphere is plagued of several 
absorption lines. The profile of any spectroscopic line is fully related with the 
physical properties of the forming region. The traditional approach employed 
to model the profile of the spectral lines is based on considering that there 
are, basically, three processes which broaden the spectroscopic lines; (1) the 
natural broadening which is produced by the interaction of the light with the 
atoms, (2) the pressure broadening which is essentially caused by the collisions 
between atoms, and (3) the thermal broadening which give rise because of the 
velocity distribution of the ensemble of atoms. The broadening of the spec
troscopic lines produced by any of the processes quoted above is usually 
described with an absorption coefficient per atom (a ). rhe combined result 
of the different processes is given by the convolution of all the absorption 
coefficients.
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agiotai) = a(natural)- a(pressure)- a(thermal). (1)

The absorption coefficients of the natural and pressure broadening are 
described with Lorentzian profiles, meanwhile the absorption coefficient of the 
thermal broadening has a Gaussian profile, the convolution of these profiles 
results in a new profile, the Voigt profile.

An alternative method developed to understand the broadening of the 
spectroscopic lines was introduced by Cardona [4]. He based his study on the 
analysis of the energy fluctuations of a thermodynamic system. The energy 
fluctuations of a system can be produced by several kinds of processes, like 
the collisions between particles of the ensemble, therefore this alternative 
analysis must provide us of equations which describe very closely the broad
ening of spectral lines. Equations given by Cardona [4] (Eqs. (14) and (16) 
in his work) relate the full width at half maximum of the spectroscopic lines 
of hydrogenic and nonhydrogcnic atoms (respectively) with the physical con
ditions of the line forming region, and with few basic atomic parameters, 
obviously some mechanisms of line broadening, like the stellar rotation or the 
instrumental effects, are not considered by these equations. Although in all 
stellar spectra most of the spectral lines are in absorption, it is very common 
to find the line width at half height denoted as the full width at half maximum.

The main difference between the two methods given above is that the first 
method describes the broadening of spectroscopic lines as function of thermo
dynamic quantities and quantum mechanical parameters (non-easy to deter
mine), meanwhile the second method describes the broadening of spectral lines 
mostly based on thermodynamic quantities. Therefore, the equation based on 
the analysis of energy fluctuations can be used to explore the physical properties 
of the line forming regions (see Cardona et al. [5]).

3. Observational Data. We have performed the analysis of several 
absorption lines that are important features in the spectrum of a solar type star. 
The selected lines are four Balmer lines ( Ha, H|3, Hy and HS ), and the 
lines of the magnesium triplet (Mgbl, Mgb2 and Mgb3). The set of spectra 
used to study the regions of line formation was retrieved from the ELODIE 
library V3.P through Hyper-Leda database . The archive hosts around two 
thousand spectra, and it covers the whole spectral type range. The wavelength 
range covered by any spectrum of the ELODIE Library spans from around 
3900A to 6800A (see Prugniel &. Soubiran [6]; Prugniel et al. [7]). It is 
possible to retrieve fluxes at two resolutions (A=42000 and R= 10000), in case 
of the spectra at high resolution the fluxes arc normalized to the pseudo
continuum. In order to avoid as much as possible the effects of spectral line
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3 http://www. obs. u-bordeauxl.fr/m2a/soubiran/elodielihrary. ht ml
4 http://leda. unMyonl.fr/11/spectrophotometry ht ml
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blending we have decided to use the spectral energy distributions at high 
resolution, therefore we have selected the normalized flux of twenty-four solar 
type stars. We also have used the Solar Flux Atlas (Kurucz et al. [8]) retrieved 
from the Kurucz web page, which includes the optical part of the solar spectrum 
measured at high resolution. Table 1 shows the stars classified as G2 in the

Table 1

LIST OF STARS EMPLOYED TO MEASURE THE FWHM OF THE 
SELECTED SPECTRAL LINES. FITS FILES OBTAINED FROM 
ELODIE LIBRARY PROVIDED THE STELLAR ATMOSPHERE 

PARAMETERS

Star Spectral type
ELODIE

Spectral type 
SIMBAD

T logg (Fe/U| u sin Z 
km/s

Sun
HD 245
HD 3628
HD 4307
HD 9562
HD 10307
HD 12235
HD 12846
HD 14802
HD 23050
HD 76752 
HD 81809
HD 84737
HD 89010
HD 105546
HD 119550
HD 126868
HD 137107
HD 143761
HD 159181
HD 168009
HD 186408
HD 209750
HD 221170
HD 225239

G2 V
G2 V
G2 V
G2 IV
G2 V
G2 IV
G2 V
G2 V
G2 V
G2 V
G2 V
G2 V
G2 IV
G2 111
G2 V
G2 III
G2 V
G2 V
G2 II
G2 V
G2 V
G2 lb
G2 IV
G2 V

G2 V 
G2 V 
G2 V Va. 
GO V 
G1 V 
G1.5 V 
G2 IV 
G2 V 
G1 V 
G2 V 
G2 V
G5 VFe-lCH-0.8 
G0.5 Va 
G 1.5 IV-V 
G2 IHw 
G2 V 
G2 IV 
GO V 
GO V 
G2 lab: 
G2 V 
G1.5 Vb 
G2 lb 
G2 IV Va 
G2 V

5777 
5772
5699 
5744
5777 
5793 
5858 
5727
5830 
5772 
5708
5610 
5768
5669 
5016
5723 
5778
5919 
5749
5368 
5728
5732 
5399 
4561
5590

4.44 
4.15 
4.02
3.85 
3.85
4.11 
3.89
4.41
3.89 
4.04 
4.23 
3.83 
3.89 
3.84 
2.21
3.83 
3.81
4.21 
4.02 
1.22
4.14 
4.10 
0.95
1.10
3.75

+0.00
-0.59
-0.18
-0.29
+0.125
-0.02
+0.180
-0.25
-0.06
-0.43
+0.00
-0.36
+0.096
-0.01
-1.58
-0.09
-0.02
-0.11
-0.26
-0.13
-0.04
+0.108
-0.06
-2.10
-0.47

2.0
3.0
1.0
2.0
4.0
3.0
5.0
2.0
4.0
3.0
2.0
1.8
2.3
3.5
5.2
4.0
14.3
5.3
4.0
11.6
3.0
4.0
7.9
7.4
2.0

ELODIE library, it also provides the spectral type, the luminosity class (according 
to ELODIE library' and SIMBAD database), the atmospheric parameters (effective 
temperature, surface gravity, and metallicity) and the rotational velocity. The 
atmosphere parameters of the stars from ELODIE library have been retrieved 
from the FITS file of each spectrum (the set of atmospheric parameters used 
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were determined based on internal comparisons within the library) and the 
rotational velocity values are reported by Glebocki & Gnacinski [9].

4. Analysis of the Line Forming Regions. All the physical properties 
imprinted in the spectral energy distribution (SED) emitted by a star are due 
to physical processes produced in the stellar atmosphere. The continuum arises 
from regions of the stellar atmosphere where the Rosseland optical depth is

= 2/3, m this part of the atmosphere the temperature is equal to the 
effective temperature. Meanwhile absorption lines of the SED are being forming 
in regions located between the continuum forming region and the top of the 
atmosphere. Cardona [4] found that the full width at half maximum of an 
atomic spectral line is given by
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Fig. 1. The panels display the spectral energy’ distribution ot the Sun around lour absorption 
features; Ha , HP , H5, and Mgbr The full width at half maximum of each spectral line is 
displayed with a discontinuous line, and its value is showed on the right lower part ol each panel.
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where N and T are physical parameters of the region of line formation; N 
is number density of particles, and T is the temperature, nieff and nfefr are 
the effective principal atomic quantum numbers of the levels producing the line, 
Ztl! is the effective charge of the atom, k and are the Boltzmann constant 
and the Bohr radius, respectively, and a is a numerical constant. In order 
to explore the physical conditions of the regions where the selected spectro
scopic lines are being formed we measured the full width at half maximum 
of the spectral lines.

The selected lines produce prominent absorption features in the spectrum 
of a solar type star, therefore they have played important roles in several works, 
e.g. see Worthey & Ottaviani [10] and Worthey et al. [11]. According to
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Fig.2. Similar to Fig 1, in this case the star is HD 12846.
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ELODIE library all the chosen stars have assigned a G2 spectral type 
classification, most of them are identified as dwarfs, only few stars are classified 
as giants or super-giants. However, according to the SIMBAD database, there 
are some stars that are not classified with a G2 spectral type (see Table 1), 
then one have to keep in mind that there could be some stars misclassified. 
Stars with different luminosity class from our selected set of spectra will allow 
us to explore regions under different physical conditions.

The shape of the absorption line is known as the Voigt profile which is 
the result of the convolution of Gaussian and Lorentzian profiles (see Section 
2). In order to measure the width of a selected spectral feature at the half 
maximum we performed a linear interpolation of the spectral energy distribu
tion around the minimum of the selected line. The interpolation used a 
wavelength step of around 0.001 A . Because of we have employed the normal
ized spectra of the ELODIE library, then we only had to measure the width 
of the interpolated line at the middle distance between the minimum of the 
flux and the unit. Fig.l and 2 display parts of the spectrum of the Sun and 
the star HD 12846, showing the Ha, , H8 and the magnesium lines.

Fig 3. In few cases, the spectral line blending does not allow us to measure the fwhm ol 
the selected spectral line. The spectral region close to the H5 line of the HD 9562 star is 
populated by several spectral lines making difticult the measurement ol the fwhm of this line.

The discontinuous line in each panel describes the full width of the spectro
scopic line at the half of the maximum. The fwhm measured is given at the 
right lower part of each panel. Although we have used a set ot spectra with 
high spectral resolution we could not avoid completely the effects oi the line 
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blending in all the measurements of the fwhm. Fig.3 shows that the spectral 
region close to the H8 Line of the star HD 9562 is populated by several spectral 
lines which makes difficult to measure the fwhm of this Balmer line.

The files with normalized fluxes of the ELODIE library do not provide 
the errors of the stellar fluxes. In order to estimate the error in the measure
ment of the width of a spectroscopic line we have followed a Montecarlo 
method. We have selected an spectrum, and we have generated randomly several 
similar spectra. We used the RMS of the selected spectrum to generate the 
set of spectra. Using the generated spectra we obtained a set of widths of the

Table 2

FWHM (in A) OF THE SELECTED SPECTRAL LINES OF THE 
SUN AND G2-TYPE STARS. IN FOUR CASES, IT WAS NOT POS

SIBLE TO MEASURE THE WIDTH OF THE LINE (see the text)

same spectroscopic line. A simple statistical analysis allowed us to determine 
that the error in the measurement of the fwhm of any spectral line is negligible. 
Table 2 gives the value of the fwhm of all selected spectral lines. In three cases, 
HD 9562 (H6), HD 159181 (Hy), HD 209750 (Hy) were not possible to 
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measure the width of the line due to problems with the line blending, and 
in the case of the star HD 76752 (H8) the spectrum shows an emission line 
in the region of the selected spectral feature.

Fig.4 displays the values of fwhm of the selected spectral lines. The set 
of values of the fwhm of each spectral line spans around a common value.

Features

Fig.4. The fwhms of each selected spectral line are distributed around a common value. Two 
special cases are; the Balmer Lincs, which are formed in the outer parts of the atmosphere, of 
giant stars are wider, while the magnesium lines of the metal poor stars are thinner (see the text).

The giant and super-giant stars (diamond, triangle and square, respectively) 
departure from the trend followed by most of the stars because they present 
stronger Balmer lines. On the other side, stars HD 105546 and HD 221170 
(the most metal poor stars of the set) display thinner spectral lines than the 
common values, in particular their magnesium lines. These departures from the 
mean values are produced by particular physical phenomena, whose study is 
outside the scope of this work.

We used Eq. (2) and the full width at half maximum of each selected 
spectral line to estimate the density of particles of the region where the line 
is being formed. Fig.5 displays, according to Eq. (2), the change ot the fwhm 
of the Ha line as function of the number density' of particles and temperature 
(tilted lines), we employed five temperatures; 100, 90, 80, 70 and 60% of the 
effective temperature of the Sun, and the horizontal line correspond to the fwhm 
of the Ha line measured in the solar spectrum. This plot allows us to infer 
the density of particles of the region in the solar atmosphere where the Ha 
line is being formed. Cardona et al. [5] have shown that the Balmer lines as 
well as the magnesium lines are formed in a region of the stellar atmosphere 
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where the temperature is close to the 80% of the effective temperature, therefore 
we have employed Eq. (2), three temperatures; 85, 80 and 75% of the effective 
temperature of each star, and the full width at half maximum of the selected 
spectral lines to determine the number density of particles in the regions where 
the spectroscopic lines are being formed. Table 3 gives the number density of 
particles of the regions where each selected spectral line is being formed. The 
density of particles of the region where the Ha line is being formed has a 
common value of A ~ 12 x 10!> particles cm՜3. There are four stars; HD 126868, 
HD 159181, HD 209750 and HD 221170, which the number density of particles 
estimated is lager than the common value, the reason could be that they are 
fast rotators, therefore their spectroscopic lines are strongly affected by the 
rotation. The Hp absorption lines are less affected by the rotation, and the rest 
of the analysed Balmer lines do not depart from the respective common value. 
Also it is important to note that the magnesium lines are good tracers of 
metallicity, the stars HD 105546 and HD 221170 have the lowest chemical 
abundances (see Table 1), and probably this Is the reason that the number 
density of their line forming regions have the lowest values.

N (cm’3)

Fig.5. The full width at half maximum of the Ha line as function of the particle density. 
The tilted lines correspond to percentages of the effective temperature (100, 90, 80, 70 and 
60%) of the Sun. The horizontal line shows the width of the Ha line measured using the Solar 
Flux Atlas (Kurucz ct al. |8]). The number density of particles where the Ha line of the Sun 
is being formed is around 1 x IO16 particles cm’.
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Table 3

NUMBER DENSITY OF PARTICLES (x IO15 particles cm֊3) OF THE 
REGIONS WHERE THE ABSORPTION LINES ARE BEING FORMED

Star M Ha ) MHß ) MHY ) MHÔ ) <V( Mgb3 ) MMgb2) M Mgb 1 )

Sun
HD 245
HD 3628
HD 4307
HD 9562
HD 10307
HD 12235
HD 12846
HD 14802
HD 23050
HD 76752
HD 81809
HD 84737
HD 89010
HD 105546
HD 119550
HD 126868
HD 137107
HD 143761
HD 159181
HD 168009
HD 186408
HD 209750
HD 221170
HD 225239

9.9613.49
11.3014 48
9.8913.44
12.9615.41
10.5913.95
12.3915.39
13.2216.13
9.9713.50
11.6714.78
10.3913.79
9.2112.98
12.0515.10
13.3216.26
13.2216.13
17.23110.42
12.5915.58

23.89120.09
12.3315.34
10.9714.24

107.791408.77
9.7413.33
10.1613.63

71.411179.28
21.05115.57
12.1915.22

10.8914.17
8.1512.33
8.7012.67
9.2112.99
10.8514.14
10.4913.86
12.3315.34
8.1212.31
10 5513.92
8.3812.47
8.2012.36
8.6412.63
10.3613.78
10.1013.59
7.9612.23
9.5713.22
12.2515.27
12.5315.53
8.0212.26

51.99194.97
9.7913.37
10.8314.13

37.11148 41
10.2613.71
7.3511.90

7.2311.84
4.4510.70
4.4910.71
3.6610.47
5.5611.09
5.5111.07
6.7311.59
4.0510.58
6.8311.64
4.2010.62
4.7410.79
4.0510.58
5.8911.22
4.4310.69
2.9510.31
4.0610.58
4.4410.69
5.6011.10
4.6410.76
5.7011.14
4.8310.82
5.2410.97
6.2711.38
3.0810.33
2.9510.31

6.1211.32
2.9810.31
2.3310.19
2.6310.24 
4.8910.84
5.3110.99
5.0210.88 
2.6610.25
2.8910.29
2.9810.31
3.0810.33 
4.1010.59 
3.7710.50
4.0810.58 
1.5810.09
2.5910.24
2.6610.25
3.8510.52 
4.7410.79 
4.9210.85 
4.3610.67
4.2410.63
3.6410.47 
1.1610.05
3.1910.36

24.77121.59
11.6414.76
14.8817.80
9.4613.14
14.2817.19
16.4019.44
13.6916.59

22.30117 48 
10.7114.03 
10.4413.83

25.59123.01 
18.93112.60 
13.6416.54 
15.8918.87
6.4711.47
11.3214.50 

19.88113.91 
11.9915.05 
13.7816.66

29.50130.63
19.50113.36
22.24117.40
26.61124.93
79712.23
10.2613.70

25.84123.45 
11.9314.99 
18.69112.28
8.2512.39
13.3916 28
16.0018.99
12.3415.36

28.95129.47
7.5412.00
11.0014.24

25.07122.06
20.99115.49
12.9415.89
14.1717.03
1.6910.10
8.7312.68
13.9016.80
10.2013.66
13.0616.01
16.0519.08

21 09115.64
23 99120.22 
12.3715.39 
1.8810.12 
7 7812.13

64.101144.50 
23.13118.80 
56.501112.20 

14.4617.35 
45.63173 14 
51.25192.35 
43.74167.26 
70.131172.89
17.19110.36 
23.13118.80

69.271168.70
55.061106.64 
38.16151.18 
49.52186.20
2.7110.26

26.07123.89 
38.99153.49 
31.63135.17 
29 90131 47

56.871113.69
59.751125.41
63.911143.66
50 40189.29
2.8610.29
15.1118.05

5. Comparisons. In order to show that the results obtained with Eq. (2) 
arc in accordance with physical properties of the stellar atmospheres of G2-type 
stars we decided to compare these results with physical parameters of the solar 
atmosphere model. The atmosphere model allows us to know several parameters, 
like the particle density (A), the temperature (7), the pressure (P), etc., as function 
of the geometrical depth (Rosseland optical depth, rrosv ) inside the atmosphere. 
It is important to keep in mind that a stellar atmosphere model provides 
information which describes approximately the formation of spectral lines (see
Cardona et al. [5]), however it can be a good benchmark. We decided to calculate 
the solar atmosphere model using the code developed by Crivellari et al. [12].
The effective temperature used to compute the solar model was 5770 K, the 
logarithm of the surface gravity was 4.44dex, and the model has been calculated
using the solar abundance. The spectral lines arc being formed in regions with 
tv = 1. Fig.6 shows the Rosscland optical depth as function ot the frequency, the 
model allows us to determine that in the solar atmosphere the Ha absorption
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line is being formed around a region where the Rosscland optical depth is 
- 2.42x10 2, at this optical depth the temperature is -4600 K and the pressure 
is -4800 dy cm՜2, therefore the density of particles is around 7xl0ls particles 
cm՜'. The number density of particles obtained with Eq. (2) has been 
9.96 ±3.49x10' particles cm՜՛, which is very close to the previous result. On

v (Hz)

Fig.6. The Rosseland optical depth ( TrWJ ) as function of the frequency given by the solar 
atmosphere model.

the other side, the atmosphere model lets us know that the H5 absorption 
line is being formed in a region where the optical depth is around 2.23 x 10՜', 
at this depth the temperature is -5300 K and the pressure is -68000 dy cm՜2, 
therefore the density of particles is -90x10՛*՜' particlescm՜3. Using Eq. (2) we 
have obtained that the number density of particles is 6.12 ±1.32 x 10՛s particles 
cm'՝. which is lower that the previous result. It is important to keep in mind 
two points; first, the atmosphere model describes approximately the formation 
of spectral lines, then we do not expect to find a very' close matching between 
both results, and second, the Ha absorption line is formed in outer regions 
of the atmosphere where the temperature is lower, thus large amounts of 
hydrogen arc capable to perform a transition from state n = 2 to the state 
/7 = 3. While, the H8 line is formed in regions at higher temperatures, thus 
there should not be large amounts of hydrogen capable to perform a transition 
from state n — 2 to state /7 = 6.
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6. Discussion and Conclusions. Wc have used 25 spectra of stars 
classified as G2 spectral type in the ELODIE library, and the spectrum of the 
Sun to measure the full width at half maximum of a set of absorption lines. 
Most of the stars arc dwarfs. The set of measurements of each selected spectral 
feature ranges around a common value. In the case of the Balmer lines, we 
found four stars whose fwhm departs from the common values because of they 
arc rapid rotators. We also analysed two stars which show magnesium lines 
thinner than the common values, the most likely reason is that these stars 
are metal poor. The small spread of the fwhms around the common values 
could be due to the spectral misclassification of some stars, blending effects, 
strong magnetic fields, instrumental broadening, or other phenomena.

Wc have determined the number density of particles of regions with spectral 
line formation in the atmosphere of the Sun and in the atmospheres of solar 
type stars, we used the fwhm of the spectral lines, the effective temperatures 
of the stars, and few basic atomic parameters to infer the number density of 
particles. We find out that the number density of particles in regions where 
the Balmer lines are being formed decreases with the increases of quantum 
number of the transition, the number density of particles in regions where the 
Ha absorption line is being formed is three times higher than the number 
density of particles in regions where the H8 line is being formed. Possibly 
these results were already expected, however in this work we have used a new 
method that allows us to quantify directly the changes in the physical 
conditions of the stellar atmospheres. We also find out that the number density 
of particles in regions where the magnesium triplet absorption lines are being 
formed seems to change as function of the stellar mctallicity. The magnesium 
spectral lines have been employed as tracers of the chemical abundances of 
the stars, then our results seems to follow a similar behaviour. It is important 
to point out that the equation employed in this study does not take into account 
broadening of the spectral lines produced by stellar rotation, stellar winds, or 
other phenomena. Thus, results obtained for the stars HD 126868, HD 159181, 
HD 209750 and HD 221170 should be taken with cautions.

We have shown that the number density of particles of the regions with 
spectral line formation estimated in this work is in agreement with the physical 
properties of the solar atmosphere model. According with the atmosphere 
model, the Ha line is being formed in the outer parts of the atmosphere where 
many more hydrogen atoms are not ionized, therefore most ot these atoms 
can carry out the transition from state n = 2 to the state n = 3, then the densities 
of particles of the region where the Ha absorption line is being formed 
obtained with both methods are very similar. On the other hand, the fwhm 
of the H6 spectroscopic line allowed us to infer a number density of particles 
of the regions where the line is being formed which is lower than the density 
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estimated with the atmosphere model. In spite that this result seems to be 
wrong, it is fine, because the H8 line is being formed at deeper regions, so 
the temperature is higher, therefore the number of particles performing the 
transition from state n-1 to the state n~6 is lower. Thus the results presented 
in this work are in agreement with the expected physical properties in the 
atmospheres of G2 spectral type stars.

The full width at half maximum of an absorption line is a useful tool to 
study the physical conditions of the region where the spectral line is being 
formed. It allows us to infer physical properties of the plasma in the atmosphere 
of a star that the atmosphere model can not do.

This research has made use of the SIM BAD database, operated at CDS, 
Strasbourg, France.
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ФИЗИЧЕСКИЕ УСЛОВИЯ В ОБЛАСТЯХ 
ОБРАЗОВАНИЯ ЛИНИЙ ЗВЕЗД СОЛНЕЧНОГО ТИПА

Л.РОДРИГЕЗ-МЕР^О1, О.КАРДОНА1, АФЛОРЕС2

Представляем физические параметры областей со спектральными 
линиями образования ряда звезд, классифицированных как 02. 
Использованный в этом анализе метод требует только полную ширину 
при половине максимума каждой спектральной линии, эффективную
температуру звезды и несколько атомных параметров. Физические параметры
оцененные в этой работе, сравнены с результатами, полученными с 
моделями звездных атмосфер.

Ключевые слова: линии:образование (физические условия):звезды солнечного 
типа
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