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We give the theory of a self gravitational gas sphere. The gravitational field is generated by two components, each of them being
independently an isothermal gas. Various quantities of interest as density profiles, core radii of both components, masses, free-free
luminosity, surface brightness, central surface density, overestimate of central mass density are given for different values of both
parameters which arise naturally (ratio of central densities, ratio of rms velocities).

Fundamental changes appear when compared with a theory in which the second component is a “test component”. Procedures are
given for the complete analysis of real astrophysical configurations such as clusters of galaxies or globular clusters.
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1. INTRODUCTION

The theory of the Emden gravitational isothermal gas sphere (confined in a finite shell) was established
as early as 1902 (see Zwicky 1957 p. 134). The results of this theory are still applied by many authors
to the analysis of clusters of stars (globular clusters; nuclei of galaxies) or of galaxies. From observational
data such as density profile, core radius and velocity dispersion, are deduced various quantities as the
central mass density and the dynamical mass.

Emden’s theory assumes that the gravitational field is generated by a single distribution of molecules,
stars, or galaxies. Nevertheless a mixture of various phases is found in most astrophysical objects. For instance:

1. The discovery of a very hot gas responsible for thermal X-ray emission shows the presence, in clusters
of galaxies (Forman et al. 1972), of an invisible second component. It is interesting to note that the mass
of this gas has been estimated, in some cases, to be of the order of the visible mass of galaxies (Bahcall 1977).

2. In globular clusters are found two populations of stars (red giants and white dwarfs).

3. One (or more) gaseous phase coexists in galaxies or nuclei of galaxies with the distribution of stars.

4. A massive halo of small invisible stars has been sometimes assumed to exist in spiral galaxies, so
that the visible stars constitute only a small fraction of the total galaxy.

It appears therefore useful to study the theory of the two-component gravitational gas sphere and the
purpose of the present paper is to take into account the gravitational effects of the invisible component.

It seems indeed to us somewhat incorrect to neglect them by considering simply the invisible component
as a “test-component” in hydrostatic equilibrium with the gravitational potential generated uniquely by the
visible component. The latter model, hereafter referred to as TC model, has been used by many authors:
Lea (1975), Gull and Northover (1975), Cavaliere and Fusco-Femiano (1976), Sarazin and Bahcall (1977).

On the contrary we show in this paper that the TC model is, according to the case, either a good
or a bad approximation. The dynamical influence of the invisible component may be discernible through
its effects upon the density profile of the visible component. We show how, according to the model, the
central density, the mass of the core and other dynamical quantities are related to observable quantities
and how their values depend strongly on the free parameters of the problem which are the ratio n of both
central densities and the ratio o of both temperatures. Furthermore, we attempt to answer the following
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problem: from how many observations and what observations and how is it possible to deduce all the various
characteristics of a configuration (globular cluster, cluster of galaxies..) accounting for both the visible
and the invisible components which constitute it.

In section 2 are given the basic equations; in section 3 are studied the asymptotic behaviours of both
the density and the free-free surface brightness profiles. In section 4 we look for the theoretical quantities
which allow the easiest comparisons with data. Results are given in section 5.

2. EQUATIONS
The gravitation potential U(r) obeys Poisson’s equation:

AU(r)=4nG [pa(r )+ ps(r)] (1)

pa(7) and pu(r) are the mass distributions of both the visible a-component and the invisible b-component.
We assume both components to be without interaction other than gravitational, each of them being in
equilibrium with the gravitation potential U. It follows that:

pi(r)=pi0)exp [—3 U(r)/v?]; i=ab )
v; being the three dimensional velocity dispersion of the i-particles. The potential U is choosen to be zero
at origin: U(0)=0. By using as new function:

V(r)=3U(r)/vi

and introducing:

N =pu(0)/pa(0); o =vs5/v3 *
equation (1) reads:
AY(s)=e VO m e Vo 3)

where we use as new length unit the structural index  defined by:

B2 =12 1Gp,(0)/v2; r=Ps
and as “dimensionless mass densities”:
p¥ = pi(Bs)/pa(0); i=a,b.

Note that the choice of B is related to the characteristics (p,(0) and v?) of the first component; it has
been chosen in order to compare our results to observations, since the a-component is assumed to be the
visible component. '

For discussing equations and results, it is preferable to introduce dimensionless quantities such as both
dimensionless masses defined in the sphere of (dimensionless) radius s:

M¥(s)=5 4ns'?p}(s' ) ds'’;i=a,b. @)

If we consider the case where the b-component is a free-free emitting gas, the total free-free emission of
a fully ionized cosmic plasma (Allen 1976, p. 103) writes using the quantities defined above:

E=10x10%° V3 EX/B*ergs ! cm™3 )

where E#(s)=0al'? [pf#(s)]? is the dimensionless emissivity and V. is the line-of-sight velocity dispersion
of the visible particles: V&, =v2/3. The free-free luminosity L is obtained by integration over volume:

Les=2 x 10*5 (V,s/1000 kms~)® (0.25 Mpc/B) Li; erg s~* 6)

where: ¥ =al/?2 n? { e 2V/* 4n 52 ds.
n

* Note that o in Equation (3) is the same as 1/B in Sarazin and Bahcall (1977) or as 1/t in Cavaliere and Fusco-Femiano (1976).
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As a matter of fact, most quantities of astrophysical interest are the projections on the sky of the
quantities above. Let us use s and £ as respective arguments of 3- and 2-dimensional quantities. Both
projected densities are, for instance, given by:

c?(£)=j't: n¥ (/2> +4%) dz (7)

where n¥ are dimensionless number densities.
Similarly, the dimensionless surface brightness corresponding to free-free emission of the b-component
writes:

1 4w
BA()= 4 [ Ex (/2 + ) dz ®)
The global quantities of interest are the respective total masses in the cylinder of radius €:
Mr(e)=2n [ de ¢ [ " dz pr (224 £7) 9)
M*(£)=MZ(£)+ Mg (£). (10)

All the dimensionless quantities defined above are given in terms of the potential \r. The latter is governed
by Equation (3) which depends on two parameters o and n.

3. ASYMPTOTIC BEHAVIOURS

Let us now study the asymptotic behaviours towards infinite s and € of n¥(s), c¥(£), E#(s) and B(%),
the expressions of which are given above.

First case: a<1. Towards large s, Equation (3) reduces to the single component Emden’s equation.
Therefore the logarithmic slopes of n,(s) and o,(€) are —2 and —1 respectively, independently of m.
The asymptotic logarithmic slopes of p#(s), o&(£), E#(s) and B#(€) are then respectively: —2/a, 1—2/a,
—4/a and 1—4/o.

Second case: a>1. After a change of variable: s=(o/n)"/? s’ and of function: =/’ equation (3) reduces
again to a single component Emden’s equation. The logarithmic slope of p¥(s’) and therefore that of p¥(s)
is thus —2 independently of n. The logarithmic slopes of the free-free emissivity and surface brightness are
—4 and —3 respectively. On the other hand, for the a-component the slopes of n¥(s) and c¥(£) are
respectively —2a and 1—2o.

We can now easily study the asymptotic behaviour of a test gas in the gravitation field generated by
the a-component only. In this case, Equation (3) reduces indeed exactly to Emden’s equation. The relation
pt(s)=n[p¥(s)]'* (given for the central part of galaxy clusters by Cavaliere and Fusco-Femiano, 1976)
holds whatever be a and the slopes of n, and o» are —2/a and 1—2/0, that of E¢ and By being —4/a
and 1—4/a.

Table 1 summarizes the conclusions of this section. The difference between TC model and ours is
remarkable in the case a>1 (compare rows 3 and 4, 5 and 6, 7 and 8). Note that the test component
obeys the law given by Cavaliere and Fusco-Femiano, whereas the real gas obeys it in certain conditions
(see table 1).

4. DYNAMICAL STUDY OF A TWO-COMPONENT CONFIGURATION

We are now in position to integrate numerically Equation (3) and to get the potential and all quantities
of interest. Before doing that, we determine in this section what quantities may be useful in the study
of a given astrophysical configuration. Many authors have shown, in the frame of Emden’s theory, how to
pass from observational data to the dynamical quantities of clusters. Zwicky (1957, pp. 138-144) has given
some very good examples. Let us merely recall that from three observables which are the core radius r.,
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the rms line of sight velocity Vs and the central projected density o(0), one can extract two dynamical
quantities, the mass — and number — central densities respectively:

p(0)=(fi> ] (1)
)= 12)

Note that these equations are identical to Equations (101) and (96) of Zwicky (1957) since 4. is the
dimensionless core-radius and r./£. the structural index B. of is the dimensionless central projected density.
4. and o} are respectively equal to 3.0 and 6.1 in the single-component Emden’s sphere theory.

From p(0) and »(0) may be inferred: i) the dynamical mass of the core which is usually approximated by:

4
M. p(0) S (13)
and ii) the dynamical mass of an individual particle, equal to the ratio of the central mass density to the
central number density:

m=p(0)/n(0) (14)

Let us show, now, how to determine the dynamical quantities from observational data in the frame of
the two-component theory. o is known either from asymptotic profiles or from the observed v? and v¢ (or Tp).*
Once o is known, m is obtained by comparing the observed r.p/rea (Or 7¢/Fea), 7er being the radius where
the surface brightness is one-half of its central value, to the corresponding theoretical families of ratios
Lev/Lea (0, M) (OF £5/4ca (2, M)) Obtained by integration of Equation (3) and projection.

Equations (11) and (12) still hold for the visible component, but we have here £.=<£., (a, m) and
of=oc¥ (o, m). They allow, therefore, to calculate p,(0), pp(0)=n pa(0), p(0)=(1+m) p.(0), and n,(0).
Equations (13) and (14) give then the dynamical masses:

2

|4
Mc= 1+ ‘ega Tca . 15
(1+mn) 3G (15)
4 OF W2

= Tea c% 4nG

(16)

All the dynamical masses defined above are generally proportional to the central density which is
evaluated from data through Equation (11). It is interesting to introduce the ratio R of the central densities
found from the same data in the respective frames of the single — and of the two — component theories.
From Equation (11) one gets:

912 1 2 (£:.\?
4nG 2, 4G \re (14m) €2
Note that the ratio of the central densities of the visible component found in both theories is:
R,=(1+m)R=9/, (19)

R and R, are given in Table 3 (columns 12 to 21).

An alternative value of the dynamical mass — theoretically more correct — given by Equation (11), may
be calculated by integration of Equation (3). In Table 6 (columns 2 to 6) is given the dimensionless mass
of the a-component in the cylinder of radius £, It should be noticed that this mass which is equal to 110

* In the case of globular clusters, v2 is not observed, and o remains therefore unknown.
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for (#=0.25; n=0.1) is equal to only 1.1 for (n=10; a=16). This indicates a strong concentration of the
visible component when o is high, i.e. when the velocity dispersion of the invisible particles is greater than
that of the visible ones.

5. RESULTS

All calculations were performed by numerical integration of Equation (3). In Table 2 are determined the
values to be given to m and o in the various applications listed in section 1. Because of its weight in the
exponential factor o has only been varied around unity.

5.1 Visible component

The visible density profiles oa(£)/coa are given in figures 1 to 5. The various asymptotic behaviours
correspond well to the results of section 3. The relation between o and the asymptotic slope is a remarkable
dynamical effect, independent of 1 (see section 3).

The values of €., and c¥ are given in columns 2 to 11 of table 3. Note that towards small o £, tends
to Emden’s value: €.=3.0 independently of 1. On the other hand, towards high values of a, the limits of €.,
are in the range [0.6-2.3], indicates a more pronounced concentration of the visible component with respect
to the single component Emden profile.

5.2. Invisible component

Depending on the physical nature of the invisible component two points of view are possible. The invisible
mass density which appears in Equation (3) may, as already shown, correspond to a gas of stars as well as
of protons. In particular, some people believe that very small stars around 0.1 Me (so-called population IIT)
constitute massive halos of galaxies and fill clusters of galaxies (White 1977; Gunn 1978) and globular clusters.

In this case one will be concerned with density profiles. On the other hand, if the invisible gas is a
proton gas responsible for free-free emission in clusters of galaxies surface brightness profiles will be needed.

In figures 6 to 10 are given density profiles oy(€)/co, Versus radius in units of visible core radius.
Note that asymptotic slopes are conform to the previsions of table 1. These profiles may be verified to be
very different from those obtained in the “test-component” theory (dotted curves) except for a=1.

According to section 4 are given, in columns 2 to 6 of table 4, the ratios of both core-radii: £.p/4ca
It should be noticed that the increase of this ratio with increasing a is considerably less than in TC
model (see column 7). This difference is due to the very different profiles obtained in both models for a>1.
Ratios 4£¢/£.. are given in columns 8 to 12 of the same table. Surface brightness profiles are given in
figures 11 to 15. Here too is confirmed the asymptotic behaviour predicted in table 1. Note that the difference
with the TC theory (dotted curves) is considerable. (These curves are equivalent to those given in figure 6 of
Sarazin and Bahcall). The mass of intracluster gas in the sphere of radius s or in the cylinder of radius €
may be calculated by integration of Equation (3). In table 5, columns 2 to 6 give the mass of b-component
within the sphere of radius s.,, columns 7 to 11 give the ratio of masses of both components and columns 12
to 16 give the total free-free luminosity of the cluster.

In table 6, columns 7 to 11 are given the b-mass within the cylinder of radius £, and in columns 12
to 16 the ratio My/M, in the same cylinder. In figure 16 is plotted versus log o the ratio of the masses of
both components within the visible core.

In Appendix further results such as the potential and other quantities of interest are given versus the
spherical radius.
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6. CONCLUSIONS

Taking into account the gravitational effects of the second component is quite justified by the results
thus obtained:

— both asymptotic density profiles a and b (we show in particular in table 1 the limit of validity of the
relation given by Cavaliere and Fusco-Femiano (1976)) and the luminosity profile b are found to be different,
and sometimes quite different, from those obtained in TC model. The visible component is often more
concentrated than in TC model as pointed out in section 5.1;

— the usual dynamical quantities deduced from the same data are quite modified (table 3). The core radii
of invisible component are generally smaller (and for large o very smaller) than core radii of TC gas (table 4).
The use of a two-component theory may modify considerably the dynamical mass calculated from the same
data (see table 3, Columns 12 to 21).

We estimate, therefore, that the physical conditions in both the visible and the invisible components,
can be rightly determined from present and future observations only in the frame of a fully dynamical model
of the kind we have exposed in this paper.

One of us (H.V.C.) acknowledges financial supports from CNPQ (Brazil).

APPENDIX

We give here the variations versus radial distance of some dimensionless quantities defined in section 2.
S is the radius in units of the structural index B, PSI is the potential, RHOA and RHOB are the
respective dimensionless mass densities; MA, MB and M =MA + MB are the masses, defined by Equation (4),
in the sphere of radius S. Any real mass will be obtained by multiplying the corresponding dimensionless
mass by a factor:

Mi(r)/M¥(s)=p>pa(0)=BV;>/121G

LX is the free-free luminosity of the b-component, assumed to be a fully ionized cosmic gas (the definition of
LX is given in Equation (6)).
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Tablel Asymptotic logarithmic slopes of n, & (volume-and surface-number densities), Eg and Bg (free-free emissivity and surface brightness). A tild indicates
the results of TC model.

a <1 a =1 a>1
n, -2 -2 -2a
o -1 -1 1-2q
a
n -2/a -2 ~2
"
LS -2/a -2 -2/a
% 1-2/a -1 -1
?z’b 1-2/a -1 1-2/a
Ece ~4/a -4 ~4
¥ -4/ -4 -4/
I o o
B, 1-4/a -3 -3
N
Bff 1-4/a -3 1-4/a

Table 2 Column 1 refers to the various applications considered in the introduction. Columns 2 and 3 give the a and b components, columns 4 and 5
their respective densities (in g. cm ~3), columns 6 and 7 crude estimates of 1 and a and column 8 gives the references.

pplica- Visible Invisible o4
ion No a component b-component &(0) &(O) V] References
1 Galaxies X- gas 10726 10737 0.1 1 Bahcall 1977
hidden mass 10725 10 ?
2 Giant w» Low mass # 20% of 807% of 4 Kx<7 Da Costa
907 of to- [107 of total total mass total mass Freeman 1976
tal lumi- luminosity
nosity.
3 Visible # | Interstellar 10_23 10-24 0.1 lo-zorlo-é. Allen pp.250-
rms velocity » gas 251-265.
100Km/s . 100°K or
8000°K
4 Visible # | Invisible # 10723 10722 10 12

Table 3 Columns 2 to 11: dimensionless core radius and projected central density c¥ of the visible component; columns 12 to 21: R and R, are the
ratios, defined in Equations (18) and (19), of the central densities found in one-or in two-component Emden’s sphere theories.
n 1/10 173 1 3 10 | 1/10 1/3

3 10 1/10 1/3 1 10
1 * J—— ,-—1— —— /-;i— /-v—.R

|
3 ca Goo a a a a a

0.25 2.8 3.0 2.9 2.9 29| 6.0 5.8 5.4 4.9 4.2 1.1 1.2 0.8 1.0 0.5 1.0 0.3 1.1 0.1 1.1
0.5 2.8 2.9 2.6 2.3 1.8] 5.9 5.6 5.0 4.1 3.0] 1.1 1.2 0.8 1.1 0.7 1.4 0.4 1.7 0.2 2.7
1 2.7 2.6 2.1 1.5 0.9} 5.8 5.3 4.3 3.0 1.8 1.1 1.2 1.0 1.3 1.0 2.0 1.0 4.0 1.1 12.
2 2.5 2.4 1.8 1.2 0.7} 5.5 4.8 3.7 2.6 1.5 1.3 1.4 1.2 1.6 1.4 1.7 1.6 6.2 1.8 20.
4 2.4 2.3 1.7 1.1 0.6 5.4 4.6 3.6 2.4 1.4 1.4 1.6 1.3 1.8 1.5 3.1 1.8 7.1 2.2 24.
8 2.4 2.2 1.7 1.1 0.6} 5.2 4.5 3.5 2.3 1.3 1.4 1.6 1.4 1.8 1.6 3.2 1.9 7.5 2.5 27.
6 6

2.3 2.1 1.6 1.1 0.6} 5.2 4.5 3.4 2.3 1.3] 1.5 1. 1.4 1.9 1.7 3.3 2.0 7.8 2.3 25.
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Table 4 Columns 2 to 6 give the ratio of the core-radii of both components in our model, column 7 gives it in the Test-Component model (see text).
Columns 8 to 12 give the ratio of the free-free core radius (as defined by Lea 1973) to the visible core radius; column 13 gives it in the TC model.

N M| 1/10 1/3 1ct1/La 3 10 C /10 1/3 lfif/l‘,, 3 10 C
0.25| 0.3 0.3 0.3 0.2 0.1 0.4 0.2 0.2 0.2 0.1 0.1 .26
0.50| 0.5 0.5 0.5 0.4 0.3 0.5 0.4 0.3 0.3 0.3 0.2 .4
1 1.0 1.0 1.0 1.0 1.0 1.0 0.6 0.6 0.6 0.6 0.6 .5
2 3.2 2.4 2.0 1.9 1.8 29, 1.0 1.0 1.0 1.0 1.0 10
4 7.9 4.6 3.6 3.0 2.8 900. 2.2 1.8 1.7 1.6 1.6 29,
8 12. 7.1 5.3 4.5 4.4 1200. 4.7 3.2 2.6 2.3 2.4 900
16 16. 10. 7.4 6.3 6.0  1300. 8.0 5.2 4.0 3.5 3.3 1200,

Table 5 Columns 2 to 6 and 7 to 11 give respectively the dimensionless mass of invisible component and the ratio of both masses within the invisible
spherical core r,. Columns 12 to 16 give the dimensionless free-free luminosity If. Dimensionless quantities are related to the real ones through relations
such as Equation (6) and:

M;(r)/M*(s)=PBv2/12rG, i=a,b.

M (s ep) /M ) Lie

23 T] 1/10 1/3 1 3 10 1/10 1/3 1 3 10 1/10 1/3 1 3 10
0.25 0.28 0.71 1.4 1.7 1.4 | 0.07 0.25 0.71 2.1 6.8| 0.02 0.17  0.92 3.4 9.6
0.5 2.2 2.6 5.0 59 4.3 | 0.20 0.26 0.77 2.3 7.7| 0.09 0.78 4.2 15. 41.

1 4.5 11. 18. 20. 14. | 0.10 0.33 1.0 3.0 10.| o0.55 4.8 23. 74. 180.
2 67. 80. 83. 68. 43. | 0.30 0.74 1.9 5.5 17.| 15. 52. 150.  360.  770.
4 660. 460. 320. 210. 120. | 2.0 3.1 5.9 14. 41.| 150. 370. 800. 1.6x10° 3.2x10°
8 3300. 1800. 1100. 670. 360. 1. 13.  22.  47.130.] 920. 1.94103 3.7<10° 6.9410° 1.3x10"
16 9800. 5600. 3200. 1900. 1020. | 37. 45. 69. 150. 400.| 4.5.10% 8.5x10° 1.6x10% 2.8x10* 5.3x10*

Table6 Columns 2 to 11 give respectively for each component the dimensionless masses (as defined in Equation (9)) in the cylinders which project within
both core radii. Columns 12 to 16 give the ratio of both masses within the cylindrical invisible core.

* # L IVE 3
Ma (lca) M'b (lcb) Mb/Ma (lcb)
v/ a0l a3l 1l 3 a0 |Luzio Lz | 3 | oo Lol sl 1l 3 10
0.25 110 | 102.| 94 | 79. 79. | 5.1 | 1.4 | 2.7 | 3.4 2.9 .03 | 0.09 0.24 0.59| 1.4
0.5 110 90.| 69. | 44. 22. 1.8 | 5.0 | 9.6 12. | 9.5 .05 | 0.19 0.41 1.1 3.1
] 9% 711 39. | 14. 3.0 9.6 |24. | 39. | 43.| 30. |o.10 | 0.33 1.0| 3.0 | 10.
2 80 55.] 25.| 7.8 1.6 190. |210. |190. |150. | 92. .7 1.5] 3.5] 9.3 | 30.
4 73 47.] 20 | 6.6 1.3 | 2000. |1100. |730. | 450. |270. |6.5 7.9 | 14. 30. 9.
8 67 43.] 19, | 6.0 | 1.2} 8100. |4100.|2400. | 1400.]|770. | 3.1 33.]52. |110. | 310.
16 69 42, 18 | 5.6 1.1| 2300041200069000.| 4100.|2300. | 9.7 110. f160. | 340. [1000.
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0 T T 1 T 0 o = T —
L —a =0. log =2 =
%9 Goq =01 9 Ooa n=1/3
-1k -1 -
-2 - -2 - .
05025
-3 -3 32 2 14 125 1 ]
- 1 ! p 8l \4 log t —4 ! 1 I )  log t
-2 -1 0 1 2 3 4 -2 -1 0 1 2 3 4
Figure 1 Surface density profiles of the visible component. The surface Figure 2 Same as figure 1 for n=1/3.
density is normalized to its central value. The radial distance is given in
units of the structural index B defined in section II. The ratio of central
densities is n=1/10, the values of o are given on the corresponding
profiles.
0 T 0 T
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Figure 3 Same as figure 1 for n=1. Figure 4 Same as figure 1 for n=3.
4 | 025 | | { Log U/leq
-1 0 1 2 3 4

Figure 5 Same as figure 1 for n=10.

Figure 6 Surface density profiles of the invisible component. The surface

density is normalized to its central value. The radial distance is measured

in units of the visible core radius. The ratio of both central mass

densities is n=1/10, the values of o are given on the corresponding
profiles. Dotted profiles correspond to TC model.
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Figure 7 Same as figure 6 for n=1/3.
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Figure 9 Same as figure 6 for n=3.
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Figure 11 Brightness density profiles for free-free emission of the second
component,normalized to its central value. The radial distance is measured
in units of the visible core radius. The ratio of both central mass
densities is 1=1/10. The values of o are given on the corresponding
profiles. Dotted profiles correspond to TC model.
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Figure 8 Same as figure 6 for n=1.
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Figure 10 Same as figure 6 for n=10.
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Figure 12 Same as figure 11 for n=1/3.
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Figure 15 Same as figure 11 for n=10.
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Figure 16 Ratio of the masses of both components within the cylindrical

core versus a for various values of 7.
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Table 1 (continued)
1
1
1 ETA = 0.10 ALPHA = 18.00
1
! LCcG s P51 RHO A RH) & M oA NGO v Lox
!
.0
- 310 3
12 H
23 s
e ‘ H
i H
33 23
EH H
Hay It H
e i 3
- 3 5741 3
B i H
- 0 .182C- 2
- 8 *323E~ o iy
ot giEme- 1
S R 1330 H
: BES 3% H
: Ry <330 3
o «503E+ e IBIE~ 0
: 3 i f
: His 1330 g
: sise 1335 siisescl
: siase e 11328002
: 1583 1385E= 1528002
Mo Ll 1229 1353En0%
0 e 1orses 3
BEER i Breseh
O OnmE pstie 13338183
: e RE Bt
: tiiE e
: 15iiE et H
: A1 s22aeies
B s 28888
: i
: i oLl
: 1a3iEt 1azgeres
. e 36K+ +A33E+08
: B s43zenes
: s saseres
RIE
sisie
1136
siae :
siite H
0 163E+
2 18
H e 4
: 138 Bpis 2
} Lo REh H
2 i 13338203 R A
ER Y 14 13838183 i H

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1979A%26AS...38..295C

