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Publ. Obs. Astron. Belgrade No. 44 (1993), 7-10 Introductory lecture

OSCILLATIONS AND WAVES
IN THE SUN AND STARS

M. Karabin

Institute of Astronomy, Facully of Mathematics
Studentski trg 16, 11000 Belgrade

Abstract: A short review is given about some characteristics of acoustic, gravity,
Alfvén and MIID-simple waves. Their possibilities for probing the stellar interior,
heating the atmosphere and changing spectral line profiles are discussed.

INTRODUCTION

The idea that non-thermal flux from subphotospheric layers must carry energy
to the stellar atmosphere, appeard as early as it was obvious that solar corona has
103 times higher temperature than the photosphere (Biermann, 1946; Schwarzschild,
1948; Schatzman, 1949). The discovery of the photospheric 5-minute oscillations was
made by Leighton et al. (1962). But it was not before 1975 (Ando and Osaki, 1975;
Deubner, 1975) that oscillations and waves become one of the most exciting area of
astrophysics. Very few astrophysical problems of great importance have been solved
with such agreement between theory and observations. It can serve as an example
of what scientific research should be like. By understending physics of- the 5-minute
oscillations solar astrophysics open a window for looking into the stellar interior.
P-mode oscillations have also been detected from the other stars (Fossat et al, 1984;
Noyes et al, 1984; Kurtz, 1990).

Since 1975 a torrent of scientific papers about oscillations has appeard in the
leading astrophysical periodicals. Moreover, several international conferences (from
1984 to 1991) were devoted only to oscillations and waves in the Sun and stars (see
Ref. 1-8). It is therefore a great challenge to give a short review of such important,
complex and vast topic.

Without going into detailes, I shall concentrate on the origin and the main char-
acteristics of oscillations and waves. Their essential contributions are: probing of
stellar interior, heating of stellar atmosphere and changing of spectral line profiles.

ORIGIN, CHARACTERISTICS AND POSSIBILITIES

There are different forces in the stellar matter (pressure, gravity, magnetic) which
act immediately after a small perturbation to return fluid to initial conditions. Os-
cillations or waves are the response of the medium to any perturbation. Turbulence
in the convection zone (CZ) is one of possible mechanisms for their excitation. Two
reflection boundaries (a resonant cavity) can produce a large number of resonant
modes. There are about 107 resonant modes of solar interior. Such a rich spectrum of
detected oscillations arises from modes whose periodes vary from a few minutes to sev-
eral hours, and their horizontal wavelengths vary from less than thousand kilometers
to global scales (Gough and Toomre, 1991).



The basic theory of the waves is founded on the well-known set of Lundquist
partial differential equations. This consists of continuity, momentum and energy
equations, plus equation of state in case of non-magnetic waves, but in case of MHD
waves Alfvén theorem is needed (for detailes see Vukicevié-Karabin, 1993; Brown et
al, 1986; Leibacher & Stajn; 1981).

Acoustic waves are produced by pressure as a restoring force. They can be
progressive or standing (resonant p-mode). Acoustic waves exist only at frequencies:

=55 (1)

where u is the sound speed, H is the pressure scale height. Wavenumbers are prefer-
entially vertical:
K = — ) ©)

Energy is transported to & direction:

Bl B, vy =vpn = u# fksw), M= 5, (3)

where M is the Mach number, v is the fluid speed.

Acoustic waves are produced in CZ. Travelling upwards with increasing speed
amplitude, due to pv?u = const, they become shock waves. By dissipating energy,
they can heat lower chromosphere sufficiently (Athay and White, 1978).

Resonant p-modes have characteristics which are determined by structure of the
resonant cavity. This refers to the best-studied 5-min oscillations.

Long period oscillations (small I) are used to diagnose the solar interior. The
base of the solar CZ, determined recently (Guzik & Cox, 1993) is at 0.712+0.001 R,
and there is no change in the rotation rate Q(r) of the outer 50% Ry (Gough and
Toomre, 1991). Global oscillations have temporal and spatial coherence (Hill 1988,
1990). -

Internal gravity waves (IGW) are produced by gravity (buoyancy) as a restoring
force. They are restricted to low frequencies:
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where wpy is Brunt-Vaisala frequency (wBV < wac).

If wpy > 0, medium will support IGW, but if wgy < 0 the convection will start.
That is why Schwarzschild criterium can be used for IGW. Internal gravity waves have
horizontal wavenumbers (k; # 0). Their horizontal speeds are greater than vertical
ones.

The dispersion relation for incompressible medium is:
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IGW are produced below and above CZ (between the photosphere and the chro-
mosphere, November et al, 1979). Their characteristics differ from those of acoustic
. waves. IGW are highly dispersive with large horizontal wavenumber:

vy MwpvH, vg= flks,w), kz>k,, Ty LTm]|E (6)

IGW do not form shock waves, and play no role in the atmospheric heating. Their
main contribution is in the spectral lines broadening. This is particularly evident at
the photospheric limb lines due to &, (Christensen- Dalsgaard & Gough, 1982; Brown
et al, 1986; Severny et al, 1988). If 7, = 0, energy is not transported from the place
of disturbance (g-mode).

Alfvén and MIHD-waves are produced by magnetic tension as a restoring force.
They are generated in CZ similarly to acoustic waves.

Alfvén wave characteristics are:

b= ‘—d-, vA = =,

VA Aamp
where By is the local magnetic field, va is the Alfvén speed, ¥’ 1s the speed of distur-

bance. Alfvén waves can propagate in any direction 8(k, By ), but preferentially along
By. The dispersion relation for MHD-simple waves is:

2 2 2
<%—2- — v3 cos? 9) [(% - uz) (:—2 - vf\) — u?v? sin® 0] =0, (8)

which gives:
: /72, for acoustic waves;
p

By
47p

\/u?+vi, for MHD-simple waves.

If w/k > u and w/k > va, there are MHD-fast waves, and if w/k < u and
w/k < va there are MHD-slow waves. Both fast and slow MHD are magnetoacoustic
waves. If u > va, the waves are longitudinal, but if vo > u, they are transversal. In
the high atmosphere Alfvén waves are dominant because p decreases faster than B.
Their speed in the corona is vao = 500 — 2000 km/s, and they can reach from 6Rg to
200Rg. Alfvén or magnetoacoustic waves can form shock waves. It is believed that
these waves give significant contribution to heating the corona and acceleration of the
solar wind (Velli, 1993; Holweg, 1991).
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THE APPROXIMATE VALUES OF ECCENTRIC
ANOMALIES OF PROXIMITY

J. Lazovié
Institute of Astronomy, Mathematical Faculty
Studentski trg 16, 11000 Beograd, Yugoslavia

Summary. The new expressions for finding the approximate values of eccentric anomalies
of proximity, i.e. the minimal mutual distance between two elliptical orbits, has been derived,
by using vectorial orbital elements. The application of these expresions is presented on the
two pairs of orbits of minor planets, quasicomplanar and nonquasicomplanar.

1. INTRODUCTION

We started to consider the proximity problems almost thirty years ago,
Lazovié¢ (1964). The starting point was determination of the minimal mutual
distance between two elliptical orbits of the celestial bodies. For that distance
we derived expressions with true anomalies in paper Lazovi¢ (1967), and in
Lazovié¢ (1981) with eccentric anomalies as variables. There we obtained two
trigonometric equations

Xysin By 4+ Yy cos Ey — Sy sin Fy cos Ep = 0,

(1)
Xisin Ey+ Y cos By — Sysin Eycos Ey =0

for determination eccentric anomalies E; and E, of the proximity positions
of two elliptical orbits. In their form, these equations are equal to those in
Lazovié (1964). They are valid generally in calculus of proximities of these
orbits, no matter how large is the angle I between their orbital planes.

If unit vectors R; and R, are orthogonal on those planes, then we can
calculate angle I by the expression

cos I = (R1Ry) = cosij cos iz + sin ¢ sin i3 cos (R — Q1), (2)

besides the expression given in Lazovi¢ and Kuzmanoski (1974).
2. APPROXIMATE ECCENTRIC ANOMALIES OF THE PROXIMITY

The equations (1) are being solved by successive approximations with ex-
pressions given in Lazovié (1981), if initial, i.e. approximate values of eccentric
anomalies of the proximity positions of two elliptical orbits are known. Since
proximities could be expected near to the crossing of these orbits, we will
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take eccentric anomalies corrensponding to the relative nodes of two consid-
ered orbits for requested approximate values. The intersection points of the
orbits with a straight line defined as the intersection of two orbital planes are
relative nodes. This line is representing the line of relative nodes; for every
orbit from considered pair we have two relative nodes, and therefore two val-
ues of correnspoding eccentric anomalies. Let us denote heliocentric position
vectors of minor planets 1 and 2 in the direction of the same relative nodes
(both ascending or descending) of their orbits with r; and r,; they are colinear
(rirg) = rirs > 0. Expressed throught eccentric anomalie E; they are

;= a,-(cos E; — e,-)P,- + b; sin E;Q;, i=1,2 (3)

where P; and Q; are known unit vectors in the orbital plane, mutualy orthogo-
nal (P; is in the direction of the perihelion of the orbit of the i-th minor planet),
and whose coordinates represent the so called vectorial orbital elements.

For the considered relative node of the two orbits we can write following
equations

(I‘le) = 0, (l‘gRl) = O, (4)
from where, after inserting (3) and introducing notations
A1 =b1(QiR2), Bi=a1(PiRs), C) = —aje;(P1Ry), }
(5)

Az = b3(QaRy), By =a3(P2Ry), C;= —azes(P2R,),

we get two starting equations for requested eccentric anomalies E; and E, of
the relative node

(6)

Ajsin By + BycosEy +Cp =0,
Agsin g + Bycos E9 + Cy = 0.

By dividing the first equation (6) with cos E;, and the second one with cos Es,
we would get two square equations by tan E; and tan E,, whose solutions are

\
—Ay By +Cyy/ A2 + B2 — C?
(tan E1)1,2 = A% _ Clz ’
b (7
—AyBy + Cy\[ A2+ B2 — C3
(tan Eg)l,z = A% _ 022 .
J

With expressions (7) and (5) we can determine approximate values of eccentric
anomalies of proximity. What we get are two solutions for tan E; and from
them four solutions for E;, (i = 1,2). Among them only two, for chosen orbit,
realy correnspond to two existing relative nodes. The first criterion for the
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selection of two corrensponding, among the four caculated values of E;, is to
take those which satisfy correnspoding equation (6). The second criterion for
the selection of the corrensponding pair of values of eccentric anomalies E;
and E, for the same relative node is that they correnspond to colinear vectors
(1‘11‘2) =rire > 0.

3. EXAMPLES

We will apply expressions, derived here, on minor planet pairs already
used with their orbital elements as they were in order to compare methods
Lazovi¢ (1980,1981).

(215) Oenone =1 and (1851) Lacroute =2, I = 0.°007

(tan Ey); = 6.0111322, (E;); = 80.°55488, (Ei), = 260.°55488;
(tan E;), = 10.0895108,  (E;); = 84.°33974, (E;)s = 264.°33974.

The first criterion, that the first equation (6) is satisfied, is contented by (E;);
and (E;)4 only, and therefore they correnspond to two existing relative nodes.

(tan Ey); = 3.0561204, (E3); = 71.°88127,  (E»). = 251.°88127;
(tan Es); = 1.3055699,  (E,)s = 52.°54973,  (E»)s4 = 232.°54973.

The first criterion, that the second equation (6) is satisfied, is contented by
(E2)2 and (E3)3 only, and therefore they correnspond to existing relative nodes.
Now, with values E; and FE, selected in this manner we determine vectors r;
and rp, and take their scalar product; for (r;r;) > 0, as second criterion, we
determine the pairs of eccentric anomalies for two corrensponding relative
nodes. By this procedure we obtain that values are (E;)1, (E2)s and (E;)q,
(E2)2. With those values, taken as approximate values of the proximity po-
sitions, we would start calculation for finding the exact proximity positions
by expressions given in Lazovi¢ (1981). Calculus showed that exact values are
E) = Es5 = 81.°20275 and E3 = E 851 = 53.°13885. So, relative node of orbits of
minor planets (215,1851) with eccentric anomalies E} o = (E1), and E3 o = (E3)3
is closer to the positions of proximity of these orbits; angular distances from
which are AE215 = Fo15 — EI,O = 0.°64787 and AE1351 = E1351 e Ezyo = 0.058912,
which are small values. Proximity distance of this pair of quasicomplanar
orbits had the value g,,,;, = 0.000004AU.

(1) Ceres =1 and (2) Pallas =2, I = 36.653

By similar treatment, as in previous example, for this pair we would find:
(E1)1 = 30.°96368, (E1); = 210.°96368, (E1)s = 35.°83718, (Ey)s = 215.°83718;
(B5)1 = 80.°99766, (E3)s = 260.°99766, (E3)s = 56.°03291, (E»)s = 236.°03291.
The first criterion for the selection of the eccentric anomalies, i.e. that equa-
tions (6) are satisfied, determines values (E;)1, (E1)4, (E2)2 and (E3)s. The
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second criterion, (rirz) > 0, determines correnspondig pairs of these anomalies
for the two relative nodes. Those are (E)s, (E2)2 and (E1)1, (E»)s. With
them, after two successive approximations, we would find eccentric anoma-
lies of the proximity positions of this pair of nonquasicomplanar orbits as
E; = 215.°34175, E; = 260.°30903, which gives minimum distance g,,;, =
0.062696AU. Here approximate values of eccentric anomalies of proximity are
those for E; o= (E1)s and E;o = (E3)s, so that that relative node is at the
angular distances from the proximity positions of AE, = E; — E; o = —0.°49543
and AE; = E3 — E29 = —0.°68863, which are again small values.

4. CONCLUSION

Our equations with eccentric anomalies as arguments for the calculus of
proximity from Lazovi¢ (1981) are simpler than those with true anomalies
in Lazovié (1967), because they are shorter. The new expressions derived
here represent complement to earlier expressions Lazovi¢ (1981), so that now
we obtained complete general method for calculus of proximity of the two
elliptical orbits of celestial bodies with eccentric anomalies and vectorial orbital
elements.
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ON THE ONE TYPE OF THE RESTRICTED
THREE BODY PROBLEM

Z. Catovié
Institute of Astronomy, Mathematical Faculty
Studentski trg 16, 11000 Beograd, Yugoslavia

Summary: One type of the restrected three-body problem is formulated. The first inte-
grals and the exact solutions are considered as they stand to the corrensponding ones in the
general three-body problem. Equations of motion in Jacobi coordinates are expanded over
Legendre polinomials, which gives suitable form for studing of the so called stelar configu-
rations of the three-body problem.

1. INTRODUCTION

In general three-body problem (GTBP) of classical celestial mechanics
subject is the motion of three material points which simultaniously attract
each other by Newtonian gravity. It has been proved (Sundman, 1913) that
solution of the problem can be expressed in the form of convergent series,
but convergence is so slow that solution is practically unusable (Duboshin,
1964). Celestial mechanicists have formulated a few simplier problems (based
on GTBP) which have some practical importance and are known as restricted
three-body problems (RTBP) (for review see Szebehely 1962).

If mass of one of the three bodies, let’s say my, is significantly greater than
the sum of the other two masses (mg > m; +ms, and m; and m, are of the same
order of quantity) than it is reasonable to expect that gravitational influence
of bodies m; and m, on body mg will be negligable. In general, gravitational
attraction between bodies m; and ms could be negligable also, and as it was
stated by Hénon and Petit (Hénon and Petit, 1986.) than problem reduces on
two, practically independent, two - body problems for pairs (mg—m;) and (mo—
msy). However, these authors have also noticed that if relative distance between
bodies m; and m, is ”sufficiently small, their mutual attraction becomes of the
same order as the differential attraction from m,”, then their mutual attracion
can not be neglected, and they classified such types of problems as Hill’s type
problems.

2. FORMULATION OF THE PROBLEM

In order to simplify GTBP, no matter how distant are bodies m; and m»
from each other, one can entirely neglect the influence of bodies m;, and m,
on body mg (or fix body mo with inertial reference frame). More generally,
no matter how masses mgy, my, my are related, one can fizr body mq in order
to obtain a type of RTBP. In that case problem would be to find the motion
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of bodies my and m if they are attracted by fized body and by each other, and
if initial conditions are known. Comparing with problem of two fixed centers
(e.g. Duboshin, 1964), this problem is in some way opposite and could be
called problem of one fixed center. On the other side comparing this problem
with various versions of RTBP one can see that, it is more complicated since
motion of two bodies is not known. Here, we will just make note that type of
problems in which one has mass configuration mg > m; + m, are very often
classified as stelar types three body problems (e.g. Roy, 1982).

3. THE EQUATIONS OF MOTION AND THEIR EXACT SOLUTIONS

The equations of motion (notations are taken form fig. 1) in case explained
in the previous chapter are:

dzl‘l r r
Ez_ = —Grn();l—3 + sz;-g, (1)
d?r, ry r
W‘ = —Gmor—zg = Gm1 r—s, (2)

where gravitational accelerations which bodies m; and m; are giving to the
body my are entirely neglected (or say the third equation from GTBP is ne-
glected) because we put ro = ro = ro = 0. The equations of motion (1) and (2)
of bodies (m;,m;) posses two first integrals (integral of angular momentum
and integral of energy) which could be easily checked by direct calculation.

Figure 1.

The conservation laws are valid in this problem as in GTBP, but the
integrals of motion of barycenter dissapeared because mq is fixed. On the
other hand situation with exact solutions is different. While in GTBP two
types of the exact solutions exist (colinear and triangle type), in this case one
has colinear type only.

It is well known that if center of mass of the bodies m; and m, coincides
with the position of the body mo, and if initial velocities of bodies m; and m;
are in directions making a fixed and the same angle with their radius vectors
respect to the barycenter, than the equations, (1) and (2) can be integrated
in the finite form. Actually these equations are becoming one and the same
equation:
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d’r; m/ + 8m

= —G—:s——ﬂri (i=1,2), (3)
where m’ = m; = my ('that is the consequence of the condition, about coinci-
dence of the body mq with the center of mass of the system m;-m,, mentioned
above). In the equation (3) one can easily recognizes the equation of two body
problem. Finally one can conclude that simplified colinear exact solution ex-
ists in this type of RTBP. It is simplified because my has to be exactly on
the half of the distance between m; and m, (which is also cosequence of the
condition about coincidence of the body m, with the center of mass of the
system m;-m;).

4. THE EQUATIONS OF MOTION IN JACOBI COORDINATES. COM-
PARISON WITH GTBP

Let us skip now to Hill’s configuration of this problem. Relative distance
among small bodies (denoted by r) is very small (by magnitude) comparing
with distance from their center of mass to the large mass (denoted by R.), (see
fig. 1). Than we have desirable mass configuration and also r < R. In such
kind of problems when hierarchy in configuration is discrenable, Jacobi coordi-
nates R, r, are very convinient. If we put m = m;+ms and p = mymy/(m; + my)
then equations of motion (1) and (2) in Jacobi coordinates will take the fol-
lowing form:

dzR h) mo my 1 1
bl fdic: § If (Ll SEIRLic Q1 S 4
dt? = m [(r23 + r13> +u(7‘23 r13)r]’ (4)

d?r m 1 1 1 /my  my

w+ogr=-oml(G-s)re (B @
If one compares these equations with corrensponding equations of GTBP, in
Jacobi coordinates (see Roy, 1982, p.413) only small difference in equation (4)
will be noticed (instead of mo on the right hand side one has mq + m, while
equation (5) keeps the same form as in GTBP. Another, essential difference, is
that noninertial motion of my is neglected, while in GTBP mg has noninertial
component of motion respect to the barycenter.

Functions in small brackets appearing in equations (4) and (5) can be
expanded in series over derivatives of the Legendre’s polinomials. If P,()(z)
is being derivative of Legendres polinomial Py(z) over z (z = cos ¢ where ¢ is
angle between vectors r and R), equations (4) and (5) could be written in the
following form:

d’R m =
Tz +G%R: —GR—g-Sl—Z(BkR + Apr) A1 P W (cos ), (6)
k=2
d’r m mo Mo k-1p (1)
EE-{-GEI‘: —GET—G-}%— (AkR—i-Ckr)A P (COS(,O), (7)
k=2
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where

=1 k-1 k-1 _ k-1
Ak = ( ) i e ) Bk

- (_l)k—lmlk—z +m2k_2
mk-1 -

mk—2

b

(_1)k—1m1k+m2k - . T
Cy = — , (k=12,3,..); A= 7
Coeffitients Ay, By and Cj are all in the interval [-1,1] for £ > 2. Condition
A < 1 should provide that bodies m; and m, will be in binary system which
will itself move around my.

Difference between equation (6) and corresponding equation in GTBP is,
as one would expect, very small again. In all the places where m, appears in
the (6), one should put mg + m in order to obtain corresponding equation in
GTBP. Equation for r (7) has again the same form as in GTBP. Right hand
sides of equations (6) and (7) in this case could be treated as ”perturbations”
of two two-body problems (for r and R). Perurbations are then separated into
two components in directions of vectors R and r and expressed in form of the
series which should converge for sufficiently small A.

5. CONCLUSION

Differences and similarities of RTBP and GTBP are clearly showing that,
by complexisity, RTBP stands somewhere between GTBP and restrected three
body problems (previously formulated). On the other side Jacobi form of the
equations of motion (equations (6) and (7)) give suitable form for step by
step study of Hill’s configuration of RTBP as well as GTBP (since they are
very similar), by including higher order approximations. At the end we will
note that planar version of this problem looks even more promising for further
analysis.
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“GENERIC TERM” TECHNIQUE IN COMPUTATION
OF ASTEROID PERTURBATIONS

Z. Kneievié

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

For already quite some time people are trying to automatize the cumbersome
algebraic manipulations associated with handling of complicated analytic expressions
typical of theories of motion of celestial bodies. This is, however, not a straightfor-
ward task, and even nowadays there are but a few successfull solutions applicable to
particular problems of celestial mechanics.

Perhaps the most important application of the kind is an automated development
of the disturbing function (c.f. Kaula, 1962; Murray, 1993), which, in addition, has
to be represented in some suitable computer readable form. Various approaches have
been used for the purpose, the simplest and the most oftenly employed one being “the
scheme with coded keys” (Henrard, 1989). This scheme, in turn, in computation of
perturbations leads to the use of the so called “generic terms”, which are constructed
in such a way to include all the variables appearing in the development and to enable
representation of all the different combinations (allowed by D’Alembert rules, for
example) of these variables.

Milani and Knezevié¢ (1990) have implemented the generic term technique in their
computation of asteroid proper elements. In the beginning, this was done only for the
purpose of computation of the short-periodic perturbations, the long-periodic ones
being computed in the same way somewhat later (Milani and Knezevié, 1993). The
perturbation computation was based on the LeVerrier’s (1855) classical development
of perturbing function up to degree four in eccentricity and inclination, adjusted
by Yuasa (1973) for the use with an arbitrary number of perturbing planets. The
purpose of this paper is to review the employed procedures and to discuss briefly the
advantages and drawbacks of the specific solutions applied in these cases.

The method of elimination of the short-periodic terms by means of the canonical
transformations, the corresponding Hamiltonian (including the indirect part) and the
generating function of the transformation are described in detail by Knezevié (1992).
It has been adopted there for simplicity reasons to represent direct and indirect part
of the initial Hamiltonian by means of two separate generic terms, which have been
constructed following the same general idea, but accounting for the distinct features
of the two developments:

b :
Hy=Y" Gom; -Ii(ba)(’)(—l)b‘ib"ebseg’ sin®® I'sin® I; x

X COS[(i + blo)AJ‘ - (l -+ bn)A -+ b12&')j + b13w + b14Qj + blSQ] (1)
Hy= E Gom; :la—.é,z—;-(—1)"“&“6;-5 sin®® I'sin®” I; x
J
X COS[CS/\J' — oA + 610(:}]' +c11w + Cqu + 0139] (2)
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Here the subscript j refers to the perturbing planet, and ¢ denotes the sum-
mation index; by (k = 1,...,15) and ¢ (I = 1,...,13) are integers, bs in particular
standing for the corresponding coefficient of Leverrier, function of the semimajor axes
ratio (a/a;). Note that the above generic terms are somewhat simpler from those in
Kneievié (1992); this is due to the fact that sin(1 /2) and sin(I;/2) are replaced in the
present case by (1/2)sinI and (1/2)sin]; and added to the corresponding already
existing variables; this causes only differences of degree higher than fourth, and can
be neglected when dealing with developments up to that degree (like in the case of
the theory used by Milani and Knezevi¢). :

Having the above generic terms at one’s disposal it is easy to represent the
Hamiltonian by a list of b; and ¢ integers only, so that a typical term in the direct
part:

—Gom; %(40)(i)eej sinI'sinIjcos[(i — )Aj — (i — 1A+ &; + 0 — 5 — Q]
looks like:

1840101111 -1 =111 =1 —1],

and similarly for the indirect part. Once the Hamiltonian in the computer read-
able form of a list of integers is available, the procedure of separating the long- and
the short-periodic parts, finding the partial derivatives of the generating function,
and computing the auxiliary quantities becomes a matter of developping few simple
routines in some standard programming language.

As for the long-periodic perturbations, instead of representing the Hamiltonian
itself in a computer readable form, again for the sake of simplicity, the generating
function of canonical transformation has been represented by means of a generic
term:

S = 3 Y (n1)nabgs ERdnsinnaveg vig HET HEE P P17 0003 X
x F(nis)[nie)s + nizhe + nisds + n1996]/D(n20)- 3)

The detailed explanation for the quantities appearing in above expression, as well
as for the procedures of separation of the integrable Hamiltonian and long-periodic
generating function and computation of long-periodic perturbations can be found in
Knezevi¢ (1993). It is enough to mention here that each perturbative term is again
represented as a list of integers nm,(m=1,..., 20), like:

[14100000002100210001].

In the case of the analytical theory of asteroid motion by Milani and Knezevi¢
(1990; 1993), the integer files used in computations contain 252 records for the short-
periodic perturbations, and 1000 records for the long-periodic perturbations. In this
latter case, for example, the information stored in 300 literal terms is now given in a
form that enabled replacement of a 1200 statements computer routine, which has even
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been too long and complex to be properly compiled by some optimizing compilers,
with 50 statement routine based on a single do loop.

One can state, in conclusion, that the generic term technique provides a number of
advantages with respect to classical algorithms with literal expressions: (i) the simpler
procedures enable the programmes to be written in a few easily-testable lines; (ii) the
error-free manipulation of the perturbing Hamiltonians of an arbitrary order/degree;
(iil) a straightforward possibility for separation of resonant terms; (iv) representa-
tion of the long series developments in an easily-transportable, compressed, computer
readable form. The most important drawback of the generic term technique is some
performance penalty; since usually one accesses the integer files sequentially, the per-
formance of the algorithm is slightly decreased; note, on the other hand, that this can
be at least partly compensated by some specific code optimisations.
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THE ORIENTATION OF THE FK5 COORDINATE SYSTEM FROM
THE MERIDIAN OBSERVATIONS OF THE SUN AND PLANETS

Sadzakov, S., Dacié, M. and Cvetkovi¢, Z.
Astronomical Observatory, 11050 Beograd, Volgina 7, Yugoslavia

Abstract: In this paper the elements of orientation of the fundamental system and
the procedure for their calculation are presented. On the basis of the observation of
the Sun, Mercury and Venus computed are the corrections AA and Aé,.

1. Introduction

The determination of star coordinates and the compilation of the corresponding
catalogues is not only important, but a central problem in astrometry today.

There is a constant interest in obtaining a knowledge of the structure of the Uni-
verse in space and time as good as possible. This requires the question of establishing
of a fundamental coordinate system, necessary to determination of the star positions
and proper motions of high accuracy, to be considered. Consequently the instruments,
the measuring techniques and the calculation methods have been improved.

For the sake of compilations of new catalogues and improvements of the funda-
mental systems obtained earlier large observational programmes have been initiated,
the instruments have been improved and automatised (photoelectric registration),
new principles of formation of space coordinate systems have been extended and ex-
amined, the revolution and rotation of the Solar-System bodies have been studied,
the composition of the terrestrial atmosphere has been examined, etc.

In this complex programme an important place is occupied by the tasks of study-
ing the systematic catalogue errors, i.e. of determining the zero point for the star
coordinates and the periodical errors of the catalogue system.

Whenever a new fundamental catalogue is compiled, appears the problem of
determining an origin of the coordinate system as good and as accurate as possible.

Over the last 150 years the improvement of the coordinate system’s origin has
been done five times and hence some new ideas concerning the relationship with
alternative, new, possibilities for determining the orientation of the fundamental co-
ordinate system have appeared.

A more general approach to the question of the orientation of the coordinate axes
in the star catalogues has been specially extended and also methods for solving these
problems have been proposed. In order to improve the accuracy in the determining
the position of the right-ascension zero point the list of observed objects has been
enlarged, an increased number of modern measurements has been collected, etc.

All of this enables the task of the zero-point determination to be solved with a
high accuracy.

The present examinations were undertaken after the recommendation at the XV
IAU General Assembly and in 1984 it was decided to derive a new fundamental system
comprising 3500 FK5 bright and faint stars and being based on the improvement of
the FK4 fundamental system.
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2. The Orientation of the Coordinate Axes

The determination of the coordinate-origin position (so-called zero point) and
of the orientation angles for the coordinate axes in star catalogues consists of the
calculation of the constant declination correction Aé, and of the orientation elements
AA.

The equator of a catalogue KK is a small circle on the celestial sphere, parallel
the great circle K; K; and it is at the distance A, from the latter one (Fig.1). This
distance is positive if K K is north of K1 K; and vice versa. The great circle TT is the
dynamical or true equator. The true point of equinox N is defined as the intersection
of the dynamical equator T'T" with the ecliptic EE. We shall denote as zryr 2k, T1y121
and zyz the coordinate systems corresponding to the circles on the sphere mentioned
above. The axis of abscissae in the system zyz is directed from the centre of the sphere
towards the point Nj, whereas the the ordinate perpendicular to it goes through the
circle KK . In the rectangular coordinate system z1y; z; the abscissae axis is directed
towards the point N corresponding to the position of the catalogue equinox on the
great circle K; K, after the displacement of the catalogue equator K K by the distance
Ab, (Fedorov, 1974).

Fig. 1. Position of the equator of a catalogue with relation to the dynamical equator
and the ecliptic

The ordinate axis of the coordinate system z1y;2; is in the plane of the great
circle K;K; . The axes z; and z; are directed towards the pole of the catalogue
equator. In the rectangular coordinate system zyz the axis z is directed towards the
true-equinox point N, while the plane zy coincides with the equator one.

The question of axes orientation is reduced to the determination of the rotation
angles for the rectangular coordinate system whose z1y; plane coincides with the
plane of the corrected equator K;K; with respect-to the axes of the rectangular
coordinate system attached to the true equator TT'.
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The rotation angles are easily obtained by transforming the catalogue positions
ag, 6 into the coordinates «, § determining the planet positions in the true coordinate
system. This transition is done in two phases: the catalogue equator K K is translated
parallelly to itself to the distance Ad, so that it obtains the position K;K; and the
point N falls to the position Nj . Then the system z,y;z; should be rotated to
coincide with zyz .

This transformation may be also done in the opposite sense. The first rotation
is done for the system zyz around the axis 2z by an angle u = N N3, then by A¢ equal
to the angle N N2 N around the new position of the axis z; going through the point
N. The last rotation concerns the system by an angle w = N3 N; around the new
position of the axis z.

When the circle T'T is rotated by the angle Ae, the point N occupies the position
N’ and w— a = N{N2 — NNy = N, N3 — N'N3 = Aa, , where Aa, is the difference
in the positions of the catalogue equinox and the true one on the equator K; K; . Let
the quantity AA = —Aa, be a constant correction of the catalogue right ascension
for the conversion to the equinox N. Its practical role is the improvement of the
star position in a catalogue. The name used in the literature for AA is ”the equinox
correction”.

In order to determine the corrections of the coordinate-system origin (so- called
zero point) and the orientation angles of the coordinate axes in star catalogues one
should calculate the declination-correction constants Aé, and the orientation elements
AA, A\ — ) =AM\ ¢€; —¢= Ac throught which the rotation angles of the axes u,
Ag, w are given.

The differences between the catalogue coordinates and the true ones in right
ascension and declination are determined by means of the following formulae

ap—a=—-AA , & —6=-A4 (1)

where the displacement of the catalogue equator with respect to the dynamical one
is not present.

For the purpose of determining the coordinate-system origin one utilises the
differences oy — e, 6 —6. where o and & denote the corresponding right ascensions
and declinations of the planets obtained from observations by applying the differential
method in the reference-catalogues system, whereas a, and §. are their ephemeris
right ascensions and declinations

ap —ae = (ap — a) + (o — a.) Ok — e = (6 — 6) + (6 — &e). (2)

The differences o — a and 6y — § are the changes of the coordinates due to the
rotation of the dynamical equator with respect to the catalogue one, whereas the ones
a — a, and 6 — 6, are due to the errors in the determination of the orbits (Earth and
other planets) used in the ephemeris calculation.

The differences between the catalogue right ascensions, i.e. declinations, and the
true ones calculated by use of the formulae

[ak — a, 6k — 6] = [AA, Ab,, (A — N)sine, &1 — €] M) 3)

where is M) is the transformation matrix and (2) yield

25



lar — e, 8k — 6] = [AM, + Ar, Ap, Ag, eAr, 100Aa/a, Ae,
AM! + Ay, A, Agh, 10¢/Ah, 100Ae1M2Ms +
+[Ab,, Adsing, Ae )My . (4)

AM,, Ae, AM!, Ac' denote the corrections of the mean anomaly and eccen-
tricity of the planet orbits (a dash for Earth, without it for other planets), whereas
Aa denotes the correction of the semimajor axis. The components of the vector of
planet-orbit rotation in the rotating rectangular coordinate system Ap, Agq, Ar
are related to the corrections of the orbital-node longitude A, inclination Ai and
angular distance node-perihelion Aw by means of

Ai = Apcosw — Agsinw , AQsini = Apsinw + Ageosw , Aw + AQcosi = Ar . (5)

The components of the Earth-orbit-rotation vector in the equatorial rectangular
coordinate system A, Avh, Ay appear through the corrections of the inclination
A¢’ at the angular distance between the perihelion and the node of the Earth’s orbit
Aw' and the difference between the catalogue equinox and the dynamical one A4 in
the mutual relationship (Duma and Minyajlo, 1976) :

AP, = Ae' , Ayh=—AAsine , A¢z=—AAcosc + A . (6)

Equations (4) contain 14 unknown quantities: the six corrections of the orbital
elements (AM,, Ai, AQ, Aw, Aa, Ae), the four corrections of the Earth’s orbital
elements (AM!, Ae’, Aw', Aé'), the three orientation elements (A4, AA, Aer)
and A6, — the element of the sharp angle of the catalogue coordinate systém.

Namely, equation (3) in the treatment of the planet observations is used for
the purpose of correcting the zero point position in the coordinate system of the
fundamental catalogue FK5.

In favour of this statement are also the values of the right ascension and declina-
tion corrections for the FK5 stars obtained on the basis of the Belgrade observational
material for the period 1975 - 1991:

AA = 0°014 +02006
A6, = 0705 £0705

3. Conclusions

On the basis of all said above one can say that the Belgrade observations of the
Sun and planets with regard to both systematic and random errors are not inferior
to the observations carried out at Washington, Greenwich, Cape, Nikolaev, Pulkovo,
etc, but they even appear very good in quality when compared to them. Finally,
we think that the number of observations should be made as large as possible, the
behaviour of the instrument should be rigorously controlled and during the reduction
procedure all possible influences should be taken into account in order to make them
less significant. ‘
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INFLUENCE OF UNACCOUNTED EFFECTS OF FLEXURE AND
REFRACTION ON THE VALUES O - C FOR OUTHER PLANETS
DETERMINED WITH THE BELGRADE VERTICAL CIRCLE

Trajkovska, V., Mijatov, M.
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

ABSTRACT.In this paper we show that the values O—C for outher planets
determined with the Belgrade Vertical Circle have to be corrected for
remaining effects of flexure and refraction.The method for determination
of corrections is given.

For reduction of observed declination of the planets determined with the Belgrade
Vertical Circle (BVC) mean latitude % was used which obtained from observations of
selected southern stars with coordinates close to coordinates of the planets.

If there are unaccounted remaining of flexure and refraction, then for the latitude
¢; of a star the folowing formula have been used:

@i = o + bsinz; + Aptan z; (1)

where
©o - latitude of BVC for the observational night;
b - coefficient of the horizontal flexure (for derivation z, measurements of the
flexure are not included in calculation);
Ap - correction for the refraction.
The mean value @ according to equation (1) is:

P = o + bsin z; + Aptan z;,
and the latitudes for calculation of declinations of the planets are:
©p = o + bsinzp + Aptan z,.
The difference beetwen the latitudes ¢, and @ is:
@p — P = b(sin z, — sin z;) + Ap(tan z, — tan z;) (2)
The difference A(O —C) = (0 — C)ypp — (O — C)g, where O — C is calculated by

wp and P is:
AO-C)=¢p—-7
The unaccounted effects produce a systematic difference ¢, — %, in order to
compute this difference it is necessary to derive from equation (1) the unknowns

@0, b and Ap.These unknowns cannot be determined by the method of least squares
because the coefficients of unknowns ¢ and b are approximately equal, but the total
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effect bsin z + Aptan z on the quantity A(O — C) is anyway practically the same for
different values of ¢g.

In Table 1 using for o the value of the mean latitude of BVC, o =
+44°48'07 " 60, the values A(O — C) for observations made in July 1984 are given.

Table 1. The values A(O — C) of planets

Data Mars Jupiter Saturn Uranus  Neptune
02.07.1984 = - —-0721 40702 -
10.07.1984 -0"24 40705 = —0.04 -0 02
11.07.1984  +0.16 —0.05 - +0.02 -
12.07.1984  —0.26 +0.05 = —0.05 —-0.03
13.07.1984  —0.09 - - +0.00 +0.00
14.07.1984  —0.04 +0.02 - +0.00 +0.01
15.07.1984  —0.29 - - -0.10 —0.08
19.07.1984  —0.28 +0.13 = —0.03 +0.00
20.07.1984  —0.06 +0.03 - - +0.00
21.07.1984 - +0.18 - —0.12 —0.06
22.07.1984  —0.28 +0.16 - —-0.02 +0.02
M.value —0715 40707 -0"21 -0"04 —0"02

According to equation (2) the values of coefficients of unknown b and Ap are
dependent of differences of zenith distance of planets, and some approximately mean
zenith distance obtained from observations of stars.It means that the values A(O—C)
are dependent of differences of declinations of planets and of some mean declina-
tion.During July 1984 declinations of Mars were higher than those of observational
stars, and declinations of Uranus and Neptune where close to the mean one.

As seen from Table 1 the values A(O — C) for Mars are considerable and those
for Uranus and Neptune negligible.

Our investigation shoved that using of the mean latitude % obtained from obser-
vations of selected southern stars does not entirely eliminate the effects of flexure and
refraction.

In order to get the true values of O —C from exsisting observations with BVC it is
necessary to find the corrections A(O — C) by method which we applied for reduction
of observations from July 1984.

In future, it should be, beside southern stars, to observe zenith ones as well as
stars in lower culmination, in order to determine more realistically the unknowns o,

b and Ap.
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INFLUENCE OF TEMPERATURE GRADIENT CHANGES
ON SOLAR SPECTRAL LINE PROFILE PARAMETERS

S. Erkapi¢ and I. Vince
Astronomical Observatory, 11050 Belgrade, Volgine 7, Yugoslavia

SUMMARY: In this paper we examine, theoretically, the influence of temperature
gradient changes on 27 spectral line profiles.

A long-term observational program of 31 selected solar spectral line profiles has
been carried out at Astronomical Observatory in Belgrade since 1987 (Vince et al.
1988). It has been shown that long-term changes of spectral lines are present and
related probably to the solar activity (Skuljan et al. 1992). In present paper we
examine, theoretically, the influence of temperature gradient changes on those 31
spectral line profiles from our observation program.

Under the assumption that for those spectral lines the LTE is valid, we calcu-
lated the synthetic spectral line profiles using the model of solar atmosphere given by
Maltby et al. (1986). The line profile calculations refer to integrated solar flux radi-
ation. Four spectral lines were excluded from further analysis because the non-LTE
effects influence them prominently.

By variation of temperature gradient in the model up to 5% we calculated the
relative changes of equivalenth width (EW), full half-width (FW) and relative central
flux (F.) for 27 spectral lines. The calculation results are given in Figures 1-27., where
relative variations of these parameters normalized to their unchanged model values
are ploted against temperature gradient changes.

According to the general behaviour of the line parameter changes, we can devide
the spectral lines into two groups. The spectral lines of the first group show increase
of EW and FW, and decrease of F. with positive changes of temperature gradient.
All single-ionized atom lines and the CI 538.03 neutral atom line belong to this group.
This behaviour of equivalent width variation, for instance, we can explain on the basis
of simplified line formation theory (Gray, 1976), according to which the steepness of
temperature gradient influence on EW-changes depends on ionization energy. The
ionization energy is always positive, consequently the EW-change is positive too. The
spectral lines of the second group show line parameters variations opposite of the first
group. To this group belong all spectral lines of neutral atoms except CI 538.03 line.
For these lines the steepness depends on the difference of excitation and ionization
energy (E..-E;), which is always negative (E.z< E;), consequently the EW-change is
negative too.

Detailed examination of graphs in Figures 1-27. shows that certain lines are
very sensitive to the temperature change. Especially significant are the changes of
equivalent widths of CI 538.03, Mnl 543.25 and Mnl 539.47. The temperature sensi-
tiveness of CI 538.03 line is due to the fact that this line is formed very deep in solar
photosphere (almost coincident with the continuum) where temeperature gradient is
relatively high. Among all lines the MnI 539.47 line shows the greatest change in
equivalent width. This great gradient is due to the large difference of the excitation
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FW - full half-width, F, — central flux) with temperature gradient in percents
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(Eez=0 V) and ionization energy (E;=7.437 eV) of this ground-state line. The same
explanation is valid for MnI 543.25 line. The profiles of a vast majority of lines are
not so sensitive to the temperature changes.

On the basis of our analysis we can also say that it could not exist neither func-
tional nor correlational connection between the changes of solar spectral line profile
parameters and excitation energy of the lower energy level, because these parame-
ters are not only sensitive to the excitation energy, but also to the temperature, to
the ionization potential and, in some cases, to the electron pressure, too. Consen-
quently, some investigators’ attempts (e.g. Babij, 1991) to find such correlations were
unsuccessful.
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THE CENTER-TO-LIMB VARIATIONS OF SOME SOLAR SPECTRAL LINE
PARAMETERS

D.J evremoviél’z, I.Vincel, S.Erkapié1 and L.Popovié1
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Summary: The statistical analyse of center-to-limb changes in equivalent widths and
coefficients of asymmetry and excess of 83 Fraunhofer lines was done.

- 1. INTRODUCTION

On a low accuracy level solar photospheric spectral lines can be considered to
have the gaussian profile because the most important source of line broadening is the
thermal and microturbulent velocities, but high-resolution spectra reveal a non-gaussian
line profile. This slight deviation from the gaussian profile may be produced by many
different physical conditions in solar photosphere. For instance the asymmetries of the
line profile can be traced back to photospheric temperature and velocity field
inhomogenities.

To consider quantitatively the deviation of the spectral line profile from gaussian
one we used a statistical analysis by introducing the coefficients of asymmetry and
excess of intensity distribution function of the line profile. Beside we calculated the
equivalent widths too.

2. SPECTRAL DATA AND REDUCTIONS

In this paper we analyzed 84 spectral lines of neutral elements for 5 positions
(cos® = 1,0.8,0.6,0.436,0.28) at the solar disk published by Gurtovenko at all. (1975).
For all line profiles at each position we calculated equivalent width:

W=_En Xiyi @,

i=1

where xi is the difference between central and measured wavelength, and y; is the
corresponding intensity.
Coefficients of asymmetry we calculated from:
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As=—1 | @)

o is dispersion, and coefficient of line excess from

S aty
Ex=2l —"_ 3, @)

ot

We classified the line profiles according to excitation potential of lower energy level

(e) and to equivalent widths into different groups. Number of lines in each group are
shown in Table 1.

Table 1 :Number of lines in each group used for the present analysis

N ve (eV)

W (mA) 0-2 2-4 > 4
0-10 15 3 11
10-25 5 1 13

25-50 3 8 3

50 - 100 1 11 5
>100 0 4 0

As one can see, there are two groups with only one line. Those groups are linked
with groups with lower equivalent widths.
For all groups we calculated mean relative changes of equivalent widths and mean
changes of coefficient of asymmetry and coefficient of excess. The results are presented
in Figures 1-9.

3. DISCUSSION

a) Equivalent width
From Figures 1-3 one can see center-to-limb relative changes of equivalent widths of
selected spectral lines.
Relative changes in equivalent widths are large for lines with lower ye , and lower
equivalent width. Those results we can interpret with fact that effective temperature of
photosphere decrease from center to limb of solar disk, and this lines are formed in
thinner layers.
Changes of spectral lines with high ye are near zero and in some cases are negative.
Possible reason for this is that those lines are less sensitive on temperature changes
because they are formed almost in whole photosphere.
It is interesting that lines with the highest xe and the largest equivalent widths have
small but negative changes.
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b) Line asymmetry
Figures 4-6 show center-to-limb variations of the coefficient of asymmetry.
We can see that there is a decrease in line asymmetries.
At the center of the Solar disk all mean coefficients of asymmetry are positive except of
lines with equivalent widths larger than 0.1. When we are going to the limb of the solar
disk, the coefficient of asymmetry of some lines changes a sign.
Possible explanation of those facts is in the pressure change or in the change in
hydrodynamical parameters across the line formation layers.
A different contribution of granular and intergranular space seen by the instrument may
introduce some errors as has been shown by Marmolino and Severino (1981).

c) Line excess
Center-to-limb variations of the line mean coefficients of excess are shown in Figures
7-9. All mean coefficients are between -1.3 and -1.7. Interpretation of that fact needs
more analyses, but we think that possible solutions are in influence of different pressure
broadening and large scale motions in solar photosphere.

4. CONCLUSION

~ In conclusion we can state that some general trends in Solar spectral line widths
and coefficient of asymmetry and excess are found. Detail explanations of those trends
needs further research.

REFERENCES

Gurtovenko, E.A., Kostik, R.L., Orlova, T.V., Troyan, V.I., Fedorchenko, G.L., 1975,
Profiles of selected Fraunhofer line for different center-to-limb positions at the solar
disk, Kiev, Naukova Dumka

Gurtovenko, E.A., Ratnikova, V.A., 1976, Astrometria i astrofizika, 30,14-25, Kiev,
Naukova Dumka

Marmolino, C., Severino, G., 1981, Astron. Astrophys. 100, 191-193

36



Publ. Obs. Astron. Belgrade No. 44 (1993), 37-39

BEHAVIOR OF SOME FRAUNHOFER LINES AROUND MAXIMUM
OF SOLAR ACTIVITY
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! Institute of Astronomy of Belgrade University, Studentski Trg 16, 11000 Belgrade,
Yugoslavia

2 Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

ABSTRACT: Equivalent widths of 18 Fraunhofer lines have been observed in
integrated solar light from 1987 till 1992. Sixteen more dependable spectral lines
out of 18 measured ones exhibit an extreme value (maximum or minimum) near the
maximum of solar activity cycle.

1. INTRODUCTION

It is known that profiles of Fraunhofer spectral lines change with time (e.g. Babij
1976, Livingston and Holweger 1982, Babij 1991). There are indications that some of
the line profile parameters (equivalent width, half- width (FWHM), line depth or line
asymmetry) might change periodically—with the solar activity (e.g. Kharadze 1935,
Derviz et al. 1961, Mitchell 1969, Stepanyan and Shcherbakova 1978, Livingston and
Wallace 1987). This fact has to be confirmed and the mechanism of the changes
identified.

Present paper deals with the sense and timings of the extreme values of equivalent
widths of Fraunhofer lines near the maximum of solar activity.

2. OBSERVATIONS AND DISCUSSION

According to the concept given by Vince et al. (1988) a number of Fraunhofer
lines have been observed at Belgrade Astronomical Observatory during the period
1987 — 1992. The instrument was described by Kubicela (1975) and Arsenijevié et al.
(1988), and the reduction procedure by Skuljan et al. (1992).

Equivalent widths of 18 Fraunhofer lines were observed in the light integated
over the whole solar disk. As an example, results for four spectral lines are given in
Fig. I, left side. The measured values are shown as dots and the fitted second degree
polinomials as the solid lines. The evaluated moments of the extremes (maxima or
minima) are shown as T.

All present results are given in Table 1 where wavelengths of the observed spectral
lines are expressed in nanometers, the sense of the extremes of the polinomials is
indicated by M for maxima and m for minima. T again presents the instants of the
polinomial extremes. As it can be seen from the examples in Fig. 1, the noise of the
measurements is not negligible. Standard deviations, S, of the scattered dots with
respect to the fitted polinomials have been calculated. For the results having the
overall absolute change of the polinomial smaller than the quantity 3Sn=2 (where
n = 25 is number of observations of each line in six years) the extreme marks (M or
m) in Table I have been put into brackets. The other ones we consider as statistcally
more significant.
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Table I Measured Fraunhofer lines, sense (Ext.) and times (T) of the extreme values
of the equivalent widths.

Line Ext. T Line Ext. T Line Ext. T
Fell 519.76 [(M) |1989.27 | Till 533.68 [M |1989.66 | ScIl 552.68 |M [1990.53
Crll 523.73 |m |1990.40 | MnI 539.47 |M  [1989.57 | Fel 557.61 |(m) |[1990.56
Scll 523.98 |m [1990.73 | Fel 539.83 |M |1990.86|Cal 558.20 |M |1991.43
Cal 526.17 |M  [1990.05 | Fell 542.53 |m |1988.76|Cal 560.13 (M |1990.75
Crl 529.67 (M |1990.45|Mnl 543.25 |M  |1990.52| Nal 568.26 [m [1990.45
Fel 530.74 |M 1990.68 | Fel 550.68 |m 1990.44 | Nal 568.82 (M 1991.45
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Fig. 1 Left: equivalent widths (in fraunhofers) for some of the measured spectral lines
(dots) and second degree polinomial fits (solid lines) during the years 1987 — 1992.
The instants of the extreme values of the polinomials are given as T. Upper right:
solar activily represented by relative sunspot number in the same interval. Lower
right: distribulion in time of the mazima and minima of the equivalent widths.
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The time-distribution of all measured equivalent width maxima and minima is
shown in Fig. 1, lower right. Here the heavy line indicates the mentioned statistically
more significant results. Comparing this distribution with variation of monthly mean



values of the sunspot number, upper right, one can imediately notice a definite time—
coincidence of both maxima: of the sunspot number and of the equivalent width
extremes distribution.

The median of the last distribution indicates the maximum at the year 1990.4. At
the same time the mean T from Table I, taking into account only the more dependable
cases, amounts to 1990.4. However, there are two maxima (or an extended one) in
the sunspot data. It is well seen in Figure 1. According to the international sunspot
data the maximum of the 22nd activity cycle happened at 1989.54 with smoothed
sunspot number (SSN) amounting to 158 (Coffey 1993). During 1991, from January
till August, there was a secondary maximum with the mean SSN=147. Taking the
corresponding SSN values as weights, one can calculate the weighted mean instant of
the ”extended” sunspot maximum amounting to 1990.4.

One can not avoid conclusion that both phenomena, sunspots and the equivalent
width extremes, define perhaps equally well the instant of the solar activity maximum.
Indeed, the difference between the corresponding times is really very small. In this
sense the variations of the solar global Fraunhofer line equivalent widths might be
considered as an additional index of solar activity.

The question why some of the observed Fraunhofer line equivalent widths corre-
late and some of them anticorrelate with solar activity, for the time being, remains
open.
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Abstract — In a previously published paper a simple and fast-convergent method
using iteration factors is developed to solve two-level line transfer problem in a con-
stant property medium. In this paper a spatial variation of the profile function is
taken into account aad a new iteration factors family is considered.

1. Introduction

In a previously published paper (Simonneau and Atanackovié-Vukmanovié, 1991),
henceforth reffered to as Paper I, a simple and fast—convergent iterative method is
developed to solve the two-level line transfer problem. The method represents an
efficient way to accelerate A iteration scheme by the use of the quasi-invariant depth
—dependent functions, so- called iteration factors.

In the two-level atomic case where the explicit form of the line source function
enables a straightforward derivation of the angular and frequency integrated moments
of the radiative transfer (RT) equation, the factors are defined as the ratios of the
relevant radiation field intensity moments. Computed at the beginning of each iter-
ation step from the formal solution of the RT equation with the given (old) source
function, the factors are then used to close RT moment equations and, hence, to give
new radiation field, i.e. new source function.

In order to check the convergence properties of the method in Paper I we consid-
ered the case of the constant property medium whose exact solutions are well known.
The assumption made throughout the paper about depth independence of the profile
function ¢, enabled frequency integration of the differential RT equation over profile
function and definition of the corresponding closure relations.

Here we consider the case when ¢, is some specified function of depth. The
iterative procedure described in Paper I can be directly applied. The only difference
is that in getting RT equation moments the operator [[..]Jdz and not [[..Jp;dz must
be used.

2. The line formation with spatial variations in Doppler width

For the sake of simplicity in presentation we shall consider the time independent
RT equation for a one— dimensional, planar and static medium with no background
opacity. Using the standard notation, RT equation has the form:

,udirl(/z,z,‘r)=sO(x,T)[I(#,l',T)"S(T)] ) (1)

where the line source function S(7) under the assumption of complete redistribution
is given by:

S(r) =eB(t)+ (1 —¢) /_00 p(z,7)J () T)dz . (2)
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For pure Doppler broadening, ¢(z,7) is given by the Gauss normalized profile func-
tion: 1
= _e—T/e(r)?

p(z, 1) ﬁ&(T)e ) (3)
where z = (v — vg)/Av}, is frequency displacement from line center in some stan-
dard frequency interval Av}, (Doppler width at some reference depth point), and the
parameter 6(7) is given by:

Avp(r
sr) = 2220). (4
In order to solve egs. (1) and (2) with ¢(z, 7) given by (3) we proceed like we did
in Paper 1. After getting the angular moments of eq. (1) by applying the operators
[ ..dpand [ ..udp, we perform their integration over line frequencies [, dx to get:

dH
—CT;:J¢—S:E(J¢-—B) (5(1)
dK
— =, . (5b)

In the above expressions we used eq.(2) and the following notation for the frequency
moments:

H= /H,dz, K = /I{xdx, Jo = /Jﬂpxd:c, H, :/ngo,dx :

The system of two differential equations (5) with four unknown intensity moments
needs two additional relationships to be solved.

Here we consider the most straightforward way to close the above system, i.e.
the following iteration factors family:

K H
F=— = — . 6
Jgo ) fH qu ( )
The two factors take into account the anisotropy of the radiation field as well as the
repartition of the energy over frequencies within the line profile. The factors are to
be computed according to their definitions using the formal solution of eq. (1). Given
the factors, the system (5) that can be rewritten using (6) as

dH €
E = —F—R —¢B (7(1)
dK 1
= —H
dT fH ’ (7b)

is easily solved for the unknown moments H and K. New source function

K(7)
F(r)

S(r)y=¢eB+(1- )
is then used to start the next iteration step.
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3. Results and discussion

For the case of pure Doppler broadening, depth dependence of the profile function
@(z,7) means a depth variation in Doppler width Avp(7). We shall make some tests
of the above described procedure and the proposed family of the iteration factors
specifying the spatial variations in Doppler width Avp(7) in the form similar to the
one given in Rybicki and Hummer (1967) and in Athay (1972). Namely, we consider
two cases: (a) ”cool” and (b) "hot” surface layer defined, respectively, by:

Avp(t) =2 —e 47 (8a)
Avp(r) =14 €47 (80)
For Av}, we tahe Doppler width at great optical depths. The behaviour of parameter
6(1’) for both cases and for three different values of A = 10~!,10~2 and 10~2 is shown

in Fig.1.
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The source functions obtained for the two cases (a) and (b) (Fig.1.) and for the
semi-infinite medium with € = 10~% and B = 1 are shown in Fig.2. The case of depth
independent profile function (6 = 1) is presented by the dashed curve. Curves labeled
by n = 1,2,3 correspond to three different values of coefficient A = 10~" in depth
varying Doppler width (eq.(8)).

The effects of depth—variations in profile upon the line source function are widely
studied by Rybicki and Hummer (1967), Athay (1972). The behaviour of S(r) ob-
tained by our method and shown in Fig.2. is in a good agreement with the solutions
considered therein. For a ”cool” surface layer in all three cases S(7) lies below the
value S(6 = 1) due to a greater escape probability in the line wings (the profile ¢ is
much narrower than in the § = 1 case). Besides, the thermalization length increases
when Avp grows deeper in the medium. The rate of convergence grows also with
the thermalization length (see Table 1). With relation to 39 iterations needed for the
convergence in § = 1 case, cases in which the increase of Avp happens deeper require
more iterations. In a "hot” surface layer, values of S(7) are much larger than in the
case 6 = 1 due to wider wings in the absorption profile that intercept the emergent
photons. The so—called reflector efect on the radiation flowing up implies a decrease
in thermalization length. The corresponding rate of convergence is very high (only 8
iterations are needed for the case 4 = 1073).

Table 1. Number of iterations necessary to achieve the convergence (¢ = 1074, B = 1,
(a) ”cool” surface layer, (b) ”hot” surface layer)

A (a) (b)

107! 42 28
102 59 13
103 73 8

The above results are obtained by the use of the most straightforward family
of iteration factors. According to the results given in papers by Atanackovié- Vuk-
manovi¢ and Simonneau (1991, 1993), we expect that the significant improvement in
the rate of convergence would be achieved by an explicit treatment of the non-local
(active) part of the radiation field.
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Abstract.Using the semiclassical results for electron- and proton-impact shifts as well as
a NLTE model atmosphere, we have calculated total Stark shifts (due to collisions with
electrons and He?t, Ctt, oft gt ions, estimating the ionic contribution within the adi-
abatic approximation) of the cores of C IV lines from 62 multiplets in the spectrum of the
carbon rich, very hot, pulsating pre White Dwarf PG 1159-035 (log g=T7; Tesy=140,000
K; C/He=0.7, H/He=0.21 by number), prototype of its class. Obtained shifts vary for six
orders of magnitude, reaching 80km/s for 6f-7g multiplet.

1. Pressure and Stellar Spectral Line Shapes

Besides the important contribution to the widths of spectral lines in atmospheres of
main sequence and high-gravity stars, collisions with neutrar and charged particles are also
cause of the shift (and asymmetry, due to the fact that each profile is formed in a thick
atmospheric layer, with pressure and temperature variable with depth) of spectral lines.
We have investigated in detail the contribution of the pressure broadening to the over-all
asymmetries and shifts in the spectra of the Sun (e.g. Vince et al., 1985; Krsljanin et
al., 1991) and of the hot stars (Krsljanin, 1989; Krsljanin & Dimitijevié, 1992, Krsljanin &
Markovi¢-Krsljanin, 1992). Pressure contribution to the observed shifts is usually dominated
and masked by thermal and different types of non-thermal motions in the stellar atmosphere,
but in the case of ”quiet” stellar atmospheres, accurate diagnostics of atmospheric motions
would not be possible without knowledge of the reliable pressure broadenin parameters.

Normal cﬁemica.l composition of the stars rarely offer the possibility for the investigation
of metallic lines with large principal quantum number, especially in high-gravity conditions
(atmospheres of White Dwarfs are usually ”purified” due to gravitational diffusion). The
PG 1159 stars, with the combined strong chemical peculiarity, high gravity and very high
temperatures, seem to be ideal objects for detailed investigation of Stark broadening contri-
bution to the stellar spectral line shapes.

2. The Star: Atmospheric Properties and the Model

The PG 1159-035 was discovered in 1979 by McGraw et al. Its spectrum is character-
ized by a broad absorption trough due to He I%' 4686 and many neighbouring C IV lines,
accompanied by central emission reversals (the emission does not exist in all stars of this
type). Although the absence of H and He I absorption lines implied a hot, hydrogen defi-
cient atmosphere, its chemical composition have been revealed only recently. Until now, 18
stars (Werner, 1992) of this type have been discovered (among them: 7 pulsators, 8 do not
pulsate, 8 are the Central Stars of the Planetary Nebulae). PG 1159s are among the hottest
stars known; with its atmospheres dominated by carbon and helium and with considerable
amount of oxigen, they are defined as direct progenitors of DO White Dwarfs. Spectra
of these stars show existence of very complex glends and no mass loss. Due to very high
temperatures, precise chemical analysis of these stars requires highly sophysticated model
atmospheres (line blanketed, NLTE, with real metal oppacities).

Here, for the prototype star, PG 1159-035 we have used a Kiel model atmosphere
(Werner et al., 1991; Rauch, 1991) constructed using the Axelerated Lambda Iteration
tehnique, and with H, He, C, N, O atoms treated in detail (Fig. 1.). Adopted atmo-
spheric parameters (due to best fit to the line spectra) are Tesy =140,000K, log g=7, with
major abundances (by number): C/He=0.7, O/He=0.13, H/He=0.21 and with the traces of
nitrogen. On the basis of this model, Rauch (1991) calculated formation depths of the cores
of 96 C IV lines observed in PG 1159-035 spectrum, finding that they lay in the interval
(-2.9 < log m < -1.4) - Fig.1.

As for the observed shifts, Wesemael et al. (1985) found that the centers of major
absorption troughs ( He I1 4686, C IV 4658) are redshifted in comparison with narrow emission
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reversals. C' [V 4441 is similarly shifted too. Amount of gass motions and gravity in these
shifts is still uncertain.
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Fig.1.NLTE model atmosphere of PG 1159-035. Region where cores of all examined
C IV lines are formed is between two vertical lines (Rauch, 1991).

3. Electron- vs. Ion-Impact Shifts

In a series of papers (see Dimitrijevi¢ & Sahal-Bréchot, 1993 and references therein) sets
of Stark broadening parameters (electron-, proton-, and Het-impact widths and shifts) of
spectral lines of several multicharged ions of astrophysical interest are given. All these results
were obtained by using the semiclassical-perturbation formalism (Sahal-Bréchot, 1969a,b).
The most complete set of Stark widths and shifts is given for the C IV case (Dimitrijevi¢
et al., 1991a,b; Dimitrijevi¢ & Sahal-Bréchot, 1992). It covers 62 of 96 lines observed and
analyzed by Rauch (1991) in PG 1159-035. Although lot of lines with high principal quantum
number are included, for ones with n > 7 (and n > 9 for I=s) it was not possible to obtain
Stark broadening parameters of the same reliability.
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Fig.2.Electron-impact (left) and total Stark shifts (right) of C IV line cores, in the

PG 1159-035 spectrum (in velocity units), as functions of effective principal (abscissa) and
orbital (explained in the legend) quantum numbers of the upper levels in transitions.

In usual laboratory and stellar conditions ion-impact widths and shifts are only cor-
rections to the electron-impact parameters. But in the case of PG 1159 stars, due to their
chemical composition and temperatures, the contribution of ion-impact widths and shifts
should be substantial, if not dominant. lonization balance shows that impact contribution
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of C4t, He?t, 0%, Ht and possibly O®1 ions should be taken into account. Starting from
the consideration that when the impact approximation for the ionic perturbers is valid, the
adiabatic approximation is also vald, one can expect that by using the adiabatic approx-
imation, a certain scaling law may be found, that would allow us to estimate Stark shifts
for all these ions as perturbers, starting from available semiclassical data on proton-impact

shifts only. According to adiabatic theory of Lindholm and Foley (e.g. Krsljanin, 1989)

Stark shifts (and widths) at a given temperature are proportional to m~1/672/3N, where m
is mass Z - charge, and N number density of the perturbers. Application of this scaling law
in our case becomes trivial, since in the region where line cores are formed (Fig.1.) number
densities of all most important ionic perturbers have the constant ratios one to each other
and to electrons number density. Following this idea, one can obtain the estimate that the
over-all ionic shift equals 13.63 times the proton-impact shift (contributions of the ionic

species: He?t — 44%, C*t - 41%, HY - 7%, 0%% - 7% and O°t - 1%).
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Fig.3.Same as in Fig.2. but with shifts in a logarithmic scale. Negative (blue) shifts
are denoted by minus signs.
4. Shifted Stellar Line Cores: Results and Discussion
Calculated Stark shifts for 62 C IV lines in the atmosphere of PG 1159-035 are shown
in Figs.2-5. as functions of their atomic parameters (effective principal and orbital quantum
numbers of the upper levels in the transitions) and formation depths. A look into the
numerical results shows the dominant role of the ion-impact broadening in most of the cases.
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Fig.4.Total Stark shifts of C IV line cores as function of their formation depths. No-
tation is the same as in Figs.2. and 3.
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For the transitions to s and p levels electronic and ionic contributions are of the same order of
magnitude (for s transitions electrons slightly dominate; about 70% of the total Stark shifts
are due to electron-impacts). For most of the d transitions electron-impact contribution
is less than 10% and for f ones even less than 5% with opposite signs of electron and ion
contributions as a rule. For transitions to g and h levels it seems that electron-impact
contribution is negligible (we calculated shifts for 7 transitions to s levels, 21 to p, 17 to
d, 10 to f, 6 to g and 1 to h level). Nine multiplets have blue total shifts and in 12 cases
electron and ion contributions have the opposite signs. Least calculated shift is 9cm/s (25-2p
resonant multiplet) and the largest one is 80 km/s (6f-7g). Distribution of the total shift
values is the following: shifts <10m/s have 6 lines, 10-100m/s 9 lines, 100-1000m/s 16 lines,
1-10km/s 19 lines and >10km/s 12 lines.
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Fig.5.Total Stark shifts of the cores of C 1V lines with upper orbital quantum numbers
s (left) and p (right). Notation is the same as in Figs.2. and 3.

The figures show again the pronounced dependance of the stellar Stark shifts on the
(effective) principal quantum number, especially regular within the spectral series. Substan-
tial values of Stark shifts in PG 1159-035 predicted here suggest the need for more accurate

calculation of widths and shifts due to collisions with He?t, ¢** and 087 jons, as well as
the need for careful paralel analysis of theoretical and observed shifts.
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INTRODUCTTON

Stark broadening data for some Hg II lines are of importance
for investigation of stellar spectra. For example the
6a® 21)5/2- fspZPg/2 3983.9 A Hg II line is a strong and
characteristic feature in the spectrum of Hg Mn Bp stars, most
of the Mn stars, and in some magnetic Ap stars (Dworetsky,
1980; Cowley and Aikman, 1975; White et al., 1976; Wolf,
1983). This line is used, e.g., for the Hg abundance
determination in the atmosphere of ¢ Her (Ryabchikova and

Piskimov, 1988). The significance of the resonance 6825 -

6pZP° 18942 A Hg II 1line for the Hg stellar abundance
determination has been pointed out in Dworetsky (1980). The
mentioned Hg II multiplets, as well as the GPZPO - 6d2D and
6sz°— 7328 transitions, have been observed in the « And
spectrum (Aydin and Hack, 1978; Stalio, 1974).

RESULTS AND DISCUSSION

By using the semiclassical-perturbation formalism
(Sahal-Bréchot, 1969ab) we have calculated electron-,
proton—-, and ionized-helium-impact line widths and shifts for
7Hg I1 lines . A summary of the formalism is given in
Dimitrijevi¢ et al. (1991). Tabulated Stark broadening
parameters as a function of temperature will be published
elsewhere (Dimitrijevic¢, 1992). Here, we present and discuss
the comparison with the experimental data (Murakava, 1966;
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DjeniZe et al., 1999).

For the most critical transitions, the values for log
ef(3984 A) = -1.85, log gf (1649.9 A) = B.06 and log gf
(1942.3 A) = .31, derived in Dworetsky (1980) on the basis
of published laboratory and theoretical, data have been used.
If we use the Coulomb approximation, we obtain log gf (3984 A)
= 9.25 and log gf (1649.9 A) = #3.12. For our case, these
differences are very important since, if we use
Coulomb-approximation log gf values, the differences in
line-width results may be as great as 5%.

TABIE I Comparison of the experimentally determined
Stark full half widths of Hg II lines (WH) with the

present results (WSC) and with calculations performed in

DjeniZe et al. (1999) by using the simple semiempirical
method (Griem, 1968) (WSE).The experimental data: a -
Murakawa (1966); b -DjeniZe et al (1999) and c - DjeniZe
et. al (1992).

16
N/10 WH “sc"‘s:z dM dSC

MAY TR (% a) A) (&) (&) (a) *ef

3983.9 6 1 0.0238 G.0201 9.936 0.2 8.4%6 . a

31038 4.2 0.066 @.037 ©.064 b
48020 13.7 ©.192 0.129 B.% ©.03 c
2847.7 310 4.2 O.061 O0.054 .08 b

2224.7 42059 13.3 ©.199 ©.164 0.133*-@.06 .43 ¢

Malue at 40000 K.

In Table I we compare our results with experimental data
(Murakava, 1966; Djenife et al, 1998, 1992) and with
calculations performed in DjeniZe (1999, 1992) by using the
simple semiempirical method (Griem, 1968). We must take into
account the fact that for a heavy emitter with a complex
spectrum, the accuracy of the semiclassical method is lower
than it is for lighter atoms. However, the agreement with
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experimental data is satisfactory in the case of the 2847.3 A
as well as the 2224.7A line width. In the case of the
astrophysically important 3983.9 A line, our results
underestimate the real Stark width since, for broadening of

the lower levels, only the most important transition 652

@, - 6P, bas been taken into accomt. For this
particular line, the accuracy may be improved by multiplying
the semiclassical line widths by an averaged ratio of measured
to calculated values. In this manner, we have a semiclassical
temperature dependence, and the influence of neglected
perturbing transitions is partly compensated for.

In the case of the shift a large disagreement exists, and
in the case of 2224.7 line even the sign is different.
However, one must take into account that shifts are
considerably smaller than widths. Moreover, the  theoretical
shift accuracy is generally smaller than the width accuracy
(see e. g. Dimitrijevic<, 1999).
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STARK SHIFTS OF ArI SPECTRAL LINES
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Introduction

Stark shift measurements of spectral lines are very interesting, because they can
be successfully applied to diagnostic purposes. In order to estimate Stark shifts of Arl
spectral lines in this experiment, we have used a special source of plasma, allowing
combined measurements of glow and pulsed discharge (DjeniZe and Labat, 1983). In
such case we can believe that the spectral lines in glow discharge are almost unshifted.

Apparatus and procedure

The glow and pulsed discharge occurred in a Pyrex tube. The tube had two
quartz windows at both its ends (fig. 1). Details of the experimental apparatus are
given in DjeniZe et al (1993). The effective plasma length was 70 mm, while the
iner diameter of linear part of discharge tube was 5 mm. As a working gas we used
the argon-helium mixture (72% + 28%) at the pressure of 266 Pa. Spectroscopic
observations of isolated spectral lines were made along the axis of the discharge tube.
By using this source it was possible to get a reproducable and homogenous plasma.

.80 mm _ Quartz
/ window

15 mm

Fig. 1. The discharge tube.

The glow discharge was driven between water-cooled copper electrodes (C' and
A). The current was 50 mA. Auxiliary ring-shape nickel electrodes (N; and N;) were
positioned at the optical axis, 80 mm from each other. They were used to drive the
pulse discharge, by repetitive discharge of 0.3 uF condenser initially charged to 10 kV.

The electron density in the positive column of the glow discharge was about
2 x 10'®m~3, hence it does not contribute to the Stark shift of spectral lines.

Parameters of the pulse plasma were determined by standard diagnostic methods.
Electron temperature was found from the ratio of relative intensities of ArII 500.93 nm
and Arl 696.54 nm spectral lines. The maximal value of the electron temperature was
13000 K with +15% error. Atomic parameters required were taken from Wiese et al
(1969). It was found that the electron temperature decayed slowly during the first 40
s after the beginning of the discharge.
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The electron density was measured by a single wavelength laser interferometry,
using the 632.8 nm He-Ne laser line. The maximal value of the electron density was
3.8 x 1022m~3 corresponding to 10 us after the beginning of the discharge. The errors
of these measurements are estimated to be within +10%. All Stark shifts of spectral
lines have been measured in this domain.

Recording of spectral lines profiles was done as described in details in DjenizZe et
al (1993). The line shift was found by the new method described in the same paper.
The Stark shifts were measured relative to almost unshifted spectral lines emitted by
the glow discharge at considerably lower electron densities. This measuring method
could be very successful for Stark shift measurements of neutral lines.

Results
Experimentally determined Stark shifts (d,,) of the Arl lines are given in Table 1

together with the plasma parameters, i.e. electron density and temperature ( N, 7).
The uncertainties in our experimentally measured Stark shift data are within +£15%.

Transition Multiplet A T, N, dm
(nm) (X)  |(10*m~%)| (nm)
4s - 4p [1 2] [1 2] 763,51 13000 3,3 0,021
4s — 4p’ [15] - [5] 696,54 13000 3,3 0,010
4s' - 5p’ [4° - [3] 42594 | 14000 2,6 0,023

Table 1. Measured Stark shifts of the Arl spectral lines.

Only experimental results exist for the Arl 763.51 nm and Arl 696.54 nm lines
while there are some theoretical calculations also for the Arl 425.94 nm line. For this
line our experimental result is about 39% less than the theoretical value based on
the semiclassical Griem’s theory (Konjevié and Roberts, 1976). Similar results were
obtained by other authors.
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SPECTRUM OF CP STARS: STARK WIDTH OF HEAVY ION LINES

Popovié¢ L. C., Dimitrijevi¢ M. S. and Vince 1.
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

We present here the results of our investigation of Stark broadening for a number
of astrophysically important heavy ion lines in order to provide the corresponding
Stark broadening data needed for astrophysical purposes.

A number of heavy ion (Zn II, Sb II, Bi II, Pb II etc.) spectral lines has been
observed in spectra of CP (O, B and A type) stars atmospheres (see e.g. Jacobs &
Dworetsky 1982, Sadakane et al. 1988, Fuhrmann 1989, Danezis et al. 1991, etc.),
where Stark broadening is the main pressure broadening mechanism. As an example
two Zn II spectral lines for four Hg — Mn stars are shown in Fig. 1. Stark broadening
data for heavy ion lines are of interest for analysis of hot CP star spectra as e.g.
for abundance determination, for nucleosynthesis research, for investigation of pure
diffusion in CP stars etc.
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Fig. 1. IUE specta around the Zn II 2025.5 A and 2061.9 A resonance lines in
spectra of four Hg—-Mn stars. The Zn II at 2064.2 A subordinate line is indicated by
an arrow (see Sadakane et al. 1988).
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Stark broadening is dominant pressure broadening mechanism for CP stars with
T.ss 210000 K (see Fig.2). Howover Stark broadening of lines originating from energy
levels with principal quantum numbers may be important even for cooler stars (Vince
et al. 1985).

-5

Mbol

e Te 38 36

Fig. 2. The Herizsprung-Russel diagram for CP stars. The used notations: MS-
main sequence; F'm and Am - stars with strong metal lines (class F and A, respec-
tively); Be-d - the beryllium deficient stars; Bp and Ap - the peculiar stars of class
B and A, respectively; Hg-Mn — stars with anomal Hg and Mn abundance; He-W -
helium weak stars; 3He-W - helium weak stars with anomalous 3He/ *He isotopic
ratio; He-R - helium reach stars; SdO - helium weak subdwarfs; SdB - helium reach
subdwarfs; WD-H - hydrogen reach white dwarfs, WD-He - helium rich white dwarfs;
MWD - white dwarfs whose spectra show metallic absorption lines (see Vauclair &
Vauclair 1982).

Besides the astrophysical importance, Stark broadening parameters of heavy ion
lines are interesting for laboratory plasma diagnostic as well. Consequentiy these lines
have been investigated experimentally (see e.g. Miller & Bengston 1980, Purié et al.
1985, Djenize et al. 1991, Labat et al. 1991, Djenize et al. 1992, Djenize et al. 1993,
etc.) and theoretically too (see e.g. Dimitrijevi¢ & Sahal-Bréchot 1992, Dimitrijevié
& Popovié 1993, Popovié et al. 1993, etc.).

We have investigated Stark width (HWHM) for several astrophysically important
lines for seven of singly charged heavy ions (Zn II, Br II, Sb I, As II, Cd II, I IT and Bi
IT). Stark broadening data are calculated within the modified semiempirical approach
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rijevi¢ & Konjevié¢ 1980) for electron density of N, = 10'7 cm~3 and electron
ature range from 5000 to 50 000 K.

096

0.

T (1000 K)

3. Stark width (HWHM) for Cd II 2265.0 /{(53251/2 - 5p2P1°/2) spectral line
function of temperature (T), at electron density of Ne = 10'7 ¢cm™3. The used
tion: (—) - our results, (A) - ezperimental data of Djenize et al. (1991) and
- ezperimental data of Kusch & Oberschelp (1967).
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 Fig 4. Stark width (HWHM) for Bi IT 5719 Aspectral line (1s*P? —Tp3P,). The
notation: (—) - our results, A — ezperimental data by Purié et al. (1985), O -
rimental data by Miller & Bengston (1980).
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Our theoretical results have been compared with available experimental data
(Kusch & Oberschelp 1967, Miller & Bengston 1980, Puri¢ et al. 1985, Labat et al.
1991, Djenize et al. 1991, etc.). Taking into account the complexity of heavy ion
spectrum, the accordance of calculated with experimental data (as e.g. for Cd II and
Bi II shown in Figs. 3 and 4.) is very encouraging.
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STARK BROADENING PARAMETERS FOR Be I1 SPECTRAL LINES
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ABSTRACT Using a semiclassical approach, we
have calculated electron-, proton-, and ionized
helium-impact line widths and shifts for 30 Be
IT multiplets. The resulting data have been
compared with existing experimental and
theoretical values.

INTRODUCTION

Besides the interest for , plasma spegtroscopy
(Plgtiga et a}, 1971; Puric and Konjevic, 1972;
Hadziomerspahic et al, 1973; Sanchez et al, 1973)

the Be ITI sStark broadening parameters are
important to astrophysicists since the surface
content (abundance) of light elements,
especially Li and Be, involves problems
correlated with nucleogenesis, mixing between
the atmosphera and the interior, stellar
structure and evolution (Boesgaard, 1988).

Moreover, Be II profiles are of importance for
opacity calculations as well (Seaton, 1983).

The present paper concerns singly ionized
beryllium: In order to provide reliable'data for

59



Be II lines broadened by collisions with charged
perturbers in stellar and laboratory plasmas, we
have calculated electron-, proton-, and ionized
helium-impact line widths and shifts for 30 Be 1II
multiplets, using the semiclassical-perturbation
formalism (Sahal-Bréchot, 1969ab). The ogtaingg
results for perturber density of 10 cm,

together with discussion, analysis and comparison
with existing experimental and theoretical data

will be published in Dimitrijevic, and
sahal-Bréchot, 1992a). Since data are not
linear with perturber density (N), due to the
Debye screening effect, which is often important
at high densities of interest for

subphotospheric 1?gers, ge II Stark broadening data
tables for § 18 - 10 cm together with the data
for N = 10 of special interest for
stellar atmospheres, will be published in
Dimitrljevic and Sahal-Brfchot, 1992b. All details
of the calculation procedure has been described in
Dimltrijev1c, Sahal-Brfchot, Bommier (1991).

RESULTS AND DISCUSSION

In Tables I and II, the present results are
compared with experime?tal data, ( a-Sanchez et al,
1973; b-Hadziomerspahic et al, 1973; c-Plati¥a et
al, 1971; ) with other semiclassical (Jones et al,
1971, also in Griem, 1974), with quantum-mechanical
strong-coupling (Sanchez et al, 1973; Seaton, 1983)
and with sellempirlcal calculations (Dimitrijevié
and Konjev1c, 1981) . We see that the widths £fall
within the error bars of both methods. However, for
the shifts disagreement is larger. It should be
noted that the shifts values are of lesser accuracy
for semiclassical calculations than the w1dths
(Griem and Shen, 1962; Roberts, 1968; Dlmitrijevic
et al, 1981)
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TABLE I Comparison between the experimental
Stark full widths at half maximum of Be 1II
lines (wm) ( a-Sanchez et al, 1973;
b—Had:iomerspahie et ,al, 1973; S-Plati§a et
al, 1971; ) within 2s s - 2p P multiplet,
with different calculations. Semiclassical
calculations: W -present results; W -

DSB JBG
Jones, Benett and Griem (1971);
quantum-mechanical calculations: ws - Seaton
(1988); WSBJ Sanchez, Blaha and Jones (1973);
semiempirical calculations: wDK - Dimitrijevié

and KonJev1c 91981§ The electron density N is
equal to 10

AA) T(K) Wn(A) | Wm/WDSB | WM/WJBG | Wm/WS| Wm/WSBJ Wm/ WMSE | Wm/WDK| Ref.

3130.4 | 19000{ 0.070 0.80 0.82 2.43 1.69 1.43 1.51 4
34800| 0.04 0.60 0.57 1.49 1.09 1.10 1.01 3

3131.1| 19000| 0.070 0.80 0.82 2.43 1.69 1.43 151 4
34800 | 0.06 0.91 0.86 2.23 1.64 1.66 1.51 3

TABLE II As in Table 1 but for the shift (d).

Ay T(K) dm(A) dm/dDSB dm/dJBG dw/ds | Ref.

3130.4 | 16800 | -0.03 6.1 0.80 2.32 1
34800 | -0.04 10.0 1.41 4.09 3

3131.1| 16800 | -0.03 6.1 0.80 2.32 1
34800 | -0.03 7.5 1.03 3.07 3
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Since the Be ITI 2s - 2p multiplet has the
largest astrophysical importance within the Be 1II
spectrum, the corresponding numerical data are
provided in Table III.

TABLE IIT This table shows electron-,
proton-, and ionized helium impact full half
widths and shifts for Be II 2s-2p multiplet.

PERTURBER DENSITY = 0.1D+16(cm-3)
PERTURBERS ARE ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

Be 11 2s-2P 2500. | 0.126€-02 | -0.109€-03 | 0.374E-05 | -0.3486-05| 0.637E-05| -0.348E-05
31315 A 5000. | 0.802E-03 | -0.106€-03| 0.998£-05 | -0.713E-05| 0.154E-04 | -0.705E-05
C= 0.31E+19 10000. | 0.576E-03 | -0.472E-04 | 0.219€-04 | -0.134E-04 | 0.293E-04 | -0.127€-04
20000. | 0.444E-03 | -0.499E-04 | 0.366E-04 | -0.216E-04 | 0.433E-04 | -0.191E-04
30000. | 0.405E-03 | -0.402E-04| 0.460E-04 | -0.261E-04 | 0.508£-04 | -0.232E-04
50000. | 0.384E-03 | -0.477€-04 | 0.552€-04 | -0.326E-04 | 0.571E-04 | -0.275€E-04
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STARK WIDTHS OF FOUR- AND FIVE-TIMES CHARGED ION
LINES FOR ASTROPHYSICISTS

Dimitrijevié¢ Milan S.
Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia

Important astrophysical applications of Stark broadening of multiply charged ion
 spectral lines are in the physics of stellar interiors (Seaton 1987). In subphotospheric
layers, the modelling of energy transport requires radiative opacities and thus, certain -
~ atomic processes must be known with accuracy. At these high temperatures (10° K or
more) and densities (1017 -1022cm~3 ) Stark broadening of strong multicharged ionic
" lines plays a non-negligible role in the calculation of the opacities, especially in the
UV. Moreover, with the development of spectroscopy investigations from space, UV
and extreme UV spectral line research has been further stimulated. The aim of this
paper is to provide Stark broadening data of astrophysical interest for four- and five-
times charged ion lines. In such a way, our intention is to complete such data, together
with the published studies for N V and O VI lines (Dimitrijevi¢ and Sahal-Bréchot
1992ab) and with studies of C V, O V, P V and S VI lines, which are in preparation.
Consequently, in the case of C V and O V, data calulations have been performed only
for such cases for which atomic data set is not sufficient for semiclassical perturbation
calculations. Since theoretical errors for shifts are considerably larger than for line
widths, and since the astrophysical importance of multiply charged ion Stark widths
is greater, only width calculations have been performed.

Stark line widths(FWHM) for3C V,500 V,12F V,9Ne V,3 Al V,6SiV, 11N
VI, 28 F VI, 8 Ne VI, 7 Na VI, 15 Si VI, 6 P VI, and 1 Cl VI multiplet calculated using
the modified semi-empirical approach (Dimitrijevi¢ and Konjevi¢ 1980) - (WMSE)
will be published in Dimitrijevi¢ 1993a. A sample of results is presented in Table
1. Data are presented for an electron density of 107cm~2 and temperatures from
50,000 to 800,000 K. Data are linear with electron density, but at very high densities
Debye screening should be considered (see e.g. Griem 1974). Moreover, for lines
with very near perturbing levels broadening by inelastic proton collisions may be
“also important. Comparison of the present values with values calculated by using
Eq. (526) in Griem (1974) have been performed, and the obtained agreement is
satisfactory. As an example, the comparison for C V 3s!S - 3p'P° N VI 2s!S -
2p'P% and O V 4p' PP - 4d'D cases is presented in Table 2. In comparison with the
experiment of Purié¢ et al (1988) for two O V lines, both approaches give about two
times smaller values.
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Table 1. Stark width (FWHM) in Aunits calculated by using the modified
semiempirical approach (Dimitrijevié and Konjevié 1980), at an electron density of

107 cm~3.

Transition Lambda(A) T(K)=50000 100000 200000 400000 800000
GV 1s21S - 3p1P 35.0 0.100E-04 0.881E-05 0.846E-05 0.700E-05 0.660E-05
cv 2s1s - 3pipP 247.3 0.431E-03 0.372E-03 0.362E-03 0.298E-03 0.266E-03
N VI 1s21S - 2p1P 28.8 0.418E-06 0.307E-06 0.248E-06 0.208E-06 0.176E-06
N VI 2s3S - 3p3P 161.2 0.951E-04 0.792E-04 0.676E-04 0.588E-04 0.575E-04
N VI 2p3P - 3d3D 173.9 0.553E-04 0.447E-04 0.367E-04 0.311E-04 0.312E-04
N VI 2p3P - 4d3D 130.3 0.368E-03 0.295E-03 0.239E-03 0.199E-03 0.159E-03
N VI 2p3P - 5d3D 116.8 0.846E-03 0.697E-03 0.577E-03 0.467E-03 0.374E-03
N VI 3p3P - 4d3D 500.9 0.616E-02 0.499E-02 0.408E-02 0.342E-02 0.283E-02
N VI 3p3P - 5d3D 346.7 0.780E-02 0.644E-02 0.534E-02 0.434E-02 0.352E-02
o0V 2s21S - 3piP 172.2 0.148E-03 0.115E-03 0.978E-04 0.838E-04 0.723E-04
0V 2s21S - 4pilP 135.5 0.424E-03 0.370E-03 0.320E-03 0.284E-03 0.271E-03
oV 2p1P -5d1D 154.0 0.153E-02 0.131E-02 0.110E-02 0.921E-03 0.766E-03
0OV 3s1S - 4plP 566.2 0.627E-02 0.543E-02 0.475E-02 0.419E-02 0.398E-02
o0V 3plP -4s1S 662.9 0.606E-02 0.510E-02 0.437E-02 0.394E-02 0.370E-02
0V 3plP -4d1D 604.4 0.641E-02 0.546E-02 0.474E-02 0.433E-02 0.395E-02
oV 3pip -5d1D 439.5 0.130E-01 0.111E-01 0.931E-02 0.782E-02 0.652E-02
OV 3dib - 4piP 798.3 0.887E-02 0.756E-02 0.649E-02 0.579E-02 0.559E-02
oV 2p21S -3s’1P 265.6 0.324E-03 0.282E-03 0.246E-03 0.210E-03 0.237E-03
oV 2p21Ss -3d'1P 231.8 0.940E-04 O0.757E-04 0.617E-04 0.502E-04 0.495E-04
oV 2p21D -3s’1P 231.1 0.246E-03 0.214E-03 0.187E-03 0.159E-03 0.179E-03
oV 2p21D -3d’'1P 205.1 0.841E-04 0.685E-04 0.564E-04 0.463E-04 0.455E-04
oV 2p21D -3d'1D 216.0 0.107E-03 0.861E-04 0.808E-04 0.691E-04 0.574E-04
oV 2p21D -3d’1F 207.8 0.796E-04 0.633E-04 O0.516E-04 0.427E-04 0.390E-04
0V 3s3S -4p3P 529.2 0.508E-02 0.432E-02 0.373E-02 0.333e-02 0.310E-02
0V 3s3s -5p3pP 390.8 0.790E-02 0.686E-02 0.594E-02 0.529E-02 0.454E-02
OV 3p3P -5s3S 469.1 0.940E-02 0.820E-02 0.722E-02 0.626E-02 0.566E-02
0V 3p3p -5d3D 447.3 0.110E-01 0.944E-02 0.826E-02 0.724E-02 0.609E-02
o0V 2p23pP -3d'3D 203.9 0.110E-03 0.894E-04 0.744E-04 0.624E-04 0.569E-04
0OV 2p23P -3d’'3P 202.3 0.107E-03 0.853E-04 O0.716E-04 0.603E-04 0.532E-04
ov 2p23P -3s'3P 227.5 0.177e-03 0.141E-03 0.122E-03 0.106E-03 0.910E-04
FV 2p3s2P-2p3p2S 154.2 0.734E-04 0.543E-04 0.447E-04 0.384E-04 0.342E-04
FV 2p3s2P-2p3p2P 162.0 0.710E-04 0.590E-04 0.509E-04 0.439E-04 0.376E-04
F VI 2s21S -2piP 535.2 0.295E-03 0.209E-03 0.148E-03 0.105E-03 0.830E-04
F VI 2s21S -3piP 126.9 0.606E-04 0.462E-04 0.381E-04 0.324E-04 0.276E-04
F VI 2s21S -4pi1P 99.2 0.173E-03 0.150E-03 0.132E-03 0.119E-03 0.104E-03
F VI 2p1P -3s1S 173.1 0.841E-04 0.667E-04 0.570E-04 0.491E-04 0.417E-04
F VI 2p1P -4si1S 123.3 0.169E-03 0.149E-03 0.130E-03 0.111E-03 0.106E-03
F Vvl 2p1P -3d1D 121.2 0.232E-04 0.173E-04 0.148E-04 0.121E-04 0.102E-04
F VI 2p1P -4d1D 121.1 0.140E-03 0.121E-03 0.102E-03 0.931E-04 0.857E-04
F VI 3s1S -4piP 410.7 0.266E-02 0.228E-02 0.201E-02 0.184E-02 0.158E-02
F VI 3plP -4si1S 476.5 0.297E-02 0.257E-02 0.224E-02 0.191E-02 0.180E-02
F VI 2p21S -3s’1P 183.9 0.111E-03 0.961E-04 0.831E-04 0.699E-04 0.694E-04
F VI 2p21S -4s’1P 129.5 0.263E-03 0.228E-03 0.198E-03 0.195E-03 0.159E-03
F VI 3s’1P -3p’1S 117.6 0.374E-04 0.288E-04 0.242E-04 0.208E-04 0.178E-04
F VI 3s’1P -3p’1P 123.3 0.364E-04 0.300E-04 0.256E-04 0.217E-04 0.202E-04
F VI 3s’1P -3p’1D 118.9 0.471E-04 0.384E-04 0.330E-04 0.330E-04 0.270E-04
F VI 3s’1P -4p’1D 413.5 0.627E-02 0.496E-02 0.392E-02 0.309E-02 0.250E-02
F VI 3s’1P -4p’1P 431.6 0.275E-02 0.241E-02 0.210E-02 0.188E-02 0.172E-02
F VI 2p3P -3s3S 153.8 0.566E-04 0.408E-04 0.326E-04 0.285E-04 0.248E-04
F VI 2p2’'3P-3s’'3P 161.3 0.685E-04 0.502E-04 0.409E-04 0.354E-04 0.307E-04
Ne V 2p21S -3s1P 184.7 0.895E-04 0.684E-04 0.575E-04 0.494E-04 0.428E-04
Ne V 2p21D -3s1P 173.9 0.790E-04 0.605E-04 0.509E-04 0.437E-04 0.379E-04
Ne V. 2p23P -3s3P 167.7 0.686E-04 0.494E-04 0.393E-04 0.342E-04 0.298E-04
Ne VI 2p34S-2p23s4P 142.5 0.471E-04 0.344E-04 0.278E-04 0.241E-04 0.209E-04
Ne VI 2p2P -3s2S 138.6 0.404E-04 0.288E-04 0.229E-04 0.196E-04 0.169E-04
Na VI 2p21S -3s1P 134.5 0.356E-04 0.252E-04 0.186E-04 0.153E-04 0.131E-04
Na VI 2p21D -3s1P 127.8 0.321E-04 0.227E-04 0.168E-04 0.138E-04 0.118E-04
Na VI 2p23P -3s3P 123.9 0.301E-04 0.213E-04 0.168E-04 0.141E-04 0.121E-04
Al V 2p52P -3s2P 130.9 0.325E-04 0.229E-04 0.170E-04 0.139E-04 0.119E-04
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Table 2. Comparison of Stark widths calculated here by using the modified
semiempirical approach (Dimitrijevi¢ and Konjevi¢ 1980) (WMSE), with values ob-
tained by using the Eq. (526) in Griem (1974) (WG). The electron density is 107

cm ™3,

ELEMENT/TRANSITION T(K) WMSE(A) WG(A)
LAMBDA(A)
CV 3s1s - 3plP 50000. 1.79 1.63
100000. 1.57 1.36
12202.6 200000.  1.46 1.18
X=56.5 400000. 1.22 1.05
800000. 1.21 0.949
N VI 2s1S - 2p1P 50000. 0.700E-02 0.812E-02
100000. 0.516E-02 0.607E-02
2833.7 200000. 0.420E-02 0.475E-02
X=2.95 400000. 0.357E-02 0.395E-02
800000. 0.305E-02 0.349E-02
OV 4plP -4d1D 50000. 4.35 4.16
100000. 3.79 3.43
11913.1 200000. 3.30 2.96
X=29.2 400000. 2.98 2.64
800000. 2.81 2.41

Griem,H.R., 1974, Spectral Line Broadening by Plasmas , Aca- demic Press, New

York.

Puri¢,J., Djenize,S., Sreckovi¢,A., Platisa,M., Labat,J., 1988, Phys.Rev.A 37, 498.
Seaton,M.J., 1987, J. Phys. B 20,6363.
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STARK BROADENING OF S VI LINES

Dimitrijevi¢,M.S.! and Sahal-Bréchot,S.?

L Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia
20bservatoire de Paris-Meudon, 92190 Meudon, France

1. INTRODUCTION

The aim of this paper is to investigate Stark broadening of S VI line and to
provide the corresponding Stark broadening data needed in astrophysics. By using
the semiclassical-perturbation formalism (Sahal-Bréchot 1969ab), we have calculated
electron-, proton-, and He III -impact line widths and shifts for 21 S VI multiplets . A
summary of the formalism is given in Dimitrijevié et al (1991). The complete results
will be published elsewhere (Dimitrijevi¢ and Sahal-Bréchot 1993). Here, we present
a sample of obtained results and discuss the results for S VI multiplets of interest for
stellar plasma research. Moore (1950) e.g., gives a list of first five S VI multiplets
in far UV to be of interest for astrophysics, and Seaton (1987) discuss the interest
of Stark broadening data of spectral lines of multicharged ions for stellar opacities
research.

2. RESULTS AND DISCUSSION

Energy levels for S VI lines have been taken from Joelsson, Zetterberg and Mag-
nusson (1979). Oscillator strengths have been calculated by using the method of Bates
and Damgaard (1949) and the tables of Oertel and Shomo (1968). For higher levels,
the method described by Van Regemorter et al. (1979) has been used.

In addition to electron-impact full halfwidths and shifts, Stark-broadening pa-
rameters due to proton-, and He III- impacts have been calculated. A sample of our
results for Stark broadening parameters of S VI multiplets are shown in Table 1, for
perturber densities 10’7 cm~3 and temperatures T = 100,000 - 800,000 K. We also
specify a parameter ¢ (Dimitrijevi¢ and Sahal-Bréchot 1984), which gives an estimate
for the maximum perturber density for which the line may be treated as isolated when
it is divided by the corresponding electron-impact full width at half maximum. For
each value given in Table 1, the collision volume (V) multiplied by the perturber den-
sity (N) is much less than one and the impact approximation is valid (Sahal-Bréchot,
1969ab). The accuracy of the results obtained decreases when broadening by ion
interact ions becomes important.
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Table 1. Stark broadening widths (FWHM) and shifts for S VI. The parameter ¢
devided with the corresponding electron-impact width(FWHM), gives an estimate for
the highest density for which the line may be treated as isolated and tabulated data
may be used.

PERTURBER DENSITY = 0.1E+18 cm-3
PERTURBERS ARE: ELECTRONS PROTONS
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

S VI 35-3P 100000. 0.276E-02 -0.431E-04 0.434E-04 -0.212E-04
937.1 A 200000. 0.199E-02 -0.316E-04 0.868E-04 -0.391E-04
C=0.94E+20 400000. 0.149E-02 -0.462E-04 0.134E-03 -0.615E-04
800000. 0.115E-02 -0.411E-04 0.176E-03 -0.845E-04

S VI 3s-4P 100000. 0.506E-03  0.747E-05 0.299E-04  0.451E-05
249.1 A 200000. 0.379E-03 0.727E-05 0.428E-04  0.758E-05
C=0.24E+19  400000. 0.2956-03 0.761E-05 0.511E-04 0.107E-04
800000. 0.239E-03 0.716E-05 0.578E-04  0.135E-04

S VI 3s-5P 100000. 0.662E-03 0.178E-04 0.704E-04  0.155E-04
191.5 A 200000. 0.523E-03 0.236E-04 0.844E-04  0.215E-04
C=0.66E+18  400000. 0.427E-03 0.208E-04 0.956E-04  0.268E-04
800000. 0.358£-03 0.200E-04 0.104E-03  0.324E-04

S VI 4S-4P 100000. 0.707E-01 -0.152E-02 0.341E-02 -0.164E-02
2598.4 A 200000. 0.539E-01 -0.218E-02 0.494E-02 -0.240E-02
C=0.26E+21 400000. 0.427E-01 -0.196E-02  0.606E-02 -0.315E-02
800000. 0.349E-01 -0.188E-02 0.702E-02 -0.380E-02

S VI 4S-5P 100000. 0.800E-02 0.526E-04 0.752E-03  0.636E-04
628.2 A 200000. 0.634E-02 0.794E-04  0.898E-03  0.967E-04
€=0.71E+19  400000. 0.520E-02 0.598E-04 0.101E-02  0.133E-03
800000. 0.437E-02 0.596E-04 0.111E-02  0.159E-03

S VI 5s-5P 100000. 0.812 -0.355E-01  0.631E-01 -0.331E-01
5536.1 A 200000.  0.649 -0.334E-01  0.780E-01 -0.429E-01
C=0.55E+21  400000. 0.535 -0.328E-01 0.908E-01 -0.516E-01
800000. 0.451 -0.304E-01  0.103 -0.620€E-01

S VI 3P-4S 100000. 0.856E-03 0.613E-04 0.243E-04  0.483E-04
390.2 A 200000. 0.644E-03 0.731E-04  0.499E-04  0.683E-04
€=0.59E+19  400000. 0.503E-03 0.712E-04 0.823E-04 0.872E-04
800000. 0.404E-03  0.672E-04 0.108E-03  0.106E-03

S VI 3P-5S 100000. 0.789E-03 0.111E-03 0.572E-04  0.854E-04
251.6 A 200000. 0.614E-03  0.114E-03  0.962E-04 0.107E-03
c=0.11E+19  400000. 0.492E-03 0.108E-03 0.128E-03  0.130E-03
800000. 0.403E-03 0.101E-03 0.161E-03  0.153E-03
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ION-ATOM RADIATIVE COLLISIONS AND THE OPACITY OF THE SOLAR
ATMOSPHERE

Mihajlov,A.A. "%, Dimitrijevic¢,M.S.? and Ignjatovic,Lj. M.’
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Astronomical Observatory, Volgina 7, 11050 Beograd,
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1. INTRODUCTION

The continuum opacity of the solar atmosphere in the
visible range is dominated by radiation exchanges in formation
and dissociation of the H ion: H + e <-> hv + H ( see
Mihalas 1978). However other processes involving atoms and
positive ions may also play a role in the opacity. The purpose
of the present paper is to evaluate the contribution of these
processes to the opacity. We will 1limit ourselves to the
optical part of the electromagnetic spectrum (350 to 1250 nm)
where the theory of the various processes involved can be
considered as correct.

2. ATOMIC AND MOLECULAR RADIATIVE PROCESSES IN THE SOLAR
ATMOSPHERE

The following processes can play a role in determining
the opacity of the solar atmosphere.
i) positive ion - atom interactions:

A+ A" (radiative charge exchange),

B+ A <~ €A + { (1)

A; (ion-atom photoassociation),

where is £y T hv = 2mhc/A is the energy of the interacting
photon;

ii) free-free and free-bound process involving a positive
ion:

+
A + e,

A"+ e <> #
% e A (2)

where A*is an atom in an excited state;
iii) free-free processes in the field of an atom:
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A+ e <> f + A + e (3)
iv) formation and dissociation of H :

A+ e <=>g + H . (4)
In order to compare different processes, we will define

the ratios (F) of emissivities (g):

Fei(A) = eia(h)/ cei(h), (5a)
FZZ(A) = e (A)/ eZ:(A), (5b)
F:(A) =& (A)/ EZZ(?\), (5¢)

characterizing relative contribution of the process (1) in
comparison with processes (2), (3) and (4) respectively. The
meaning of indexes is: el - electron-ion; ia - ion-atom; ea -
electron-atom; ff - free-free; fb - free-bound. In the case of
local thermal equilibrium, these ratios are also the ratios of
the corresponding absorption coefficients.

All details of the calculations will be published in
Mihajlov et al 1993. Here we present and discuss only the
results for the solar atmosphere.

3. RESULT FOR THE SOLAR ATMOSPHERE AND DISCUSSION

Our calculation have been performed by using LTE solar
photospheric model of Maltby et al. (1986) (their Table 11,
photosheric reference model) for altitudes (h) lower than 600
km and chromospheric model of Vernazza et al.(1981) (their
model C) for higher altitudes.

The comparison of (1) and (2) processes contribution
is presented in Fig. 1 where the behavior of Fia(A) as a

function of height (h) is demonstrated (with f is denoted the
correction factor close to unity defined in Mihajlov et al
1993). We can see two maxima, one in the photosphere and the
other one in the chromosphere. This means that in these areas
ion-atom radiation processes (1), not taken into account up to
now, have the dominant role in the comparison with processes
(2) for continuous emission (absorption) EM spectrum
formation.

The comparison of (1) and (3) processes cont&%bution is
presented in Fig. 2 where the behavior of Fea(A)A is

demonstrated. One can see the photospheric and the
chromospheric maximum of F a(A) located in the same height
e

range as for F (A) in Fig. 1. These maxima however are of
el
smaller intensity.
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In considered photosperic and chromospheric regions,
electron-atom processes are always dominant for wavelengts
larger than 1250 nm, including the infrared part of the
spectrum at 1650 nm, where the minimum in H minus absorption
occurs. Our calculation however, show that for sophysticated
investigations ion-atom processes must be taken into account
around 1650 nm since in the layers considered, the
contribution of these processes 1is 5-15 percents of
electron-atom ones. .

Our calculations show that values of Fea(A) parameter

change from = 0.15 up to » 0.05 in the -100 km = h = 50km,
decrease slowly up to around 700 km and increases steply up
to = 0.1. After 700 km increases very slowly for all A
considered.

Our results show that the processes (1), not taken into
account up to now for photosphera and chromosphera research
from the spectroscopical point of view, are not negligibile
and in particular layers become in fact even comparable with
processes (4), the most important for continuous emission
(absorption) spectrum formation for height range considered.

Present calculations for layer between h = 0 km and h =
605 km show that with the inclusion of processes (1), the
continuum emergent intensity from this photospheric layer
decreases from 0.28 percents at 500nm up to 0.14 percents at
800nm. We can conclude that in spite of the fact that the
contribution of processes (1) to the total absorption spectrum
is around 10% in particular atmospheric layers, the total
contribution for the photosphera as the whole is less than 1
percent. This is the consequence of the fact that layers where
the investigated processes (1) are of interest, represent only
a small part of the photosphera, and in large parts of
photosphera the proton density is so small that the
contribution of ©processes (1) to the total absorption
coefficient may be neglected.
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LINEAR OPTICAL POLARIZATION OF THE STAR BU Tau
Arsenijevié J., Markovié-Krsljanin S., Jankov S., Krsljanin V. and Popovié¢ L. C.
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ABSTRACT. The intrinsic linear optical polarization percentage and position angle
during the period 1986-1992 are presented. These data are the result of Belgrade
polarimetric study of Be stars. Polarization percentage have a general decreasing
trend starting with the value 0.57% and finishing with the value 0.32%. The position
angle varied in a range between 58° and 71° without any general trend.

1. INTRODUCTION

During the long history of the survey of Be stars, BU Tau (Pleone, HD23862,
B8Ve, vsini = 350km/s) exhibited two times the phases of the formation and dissi-
pation of the shell. First episode started 1938 and lasted till 1954. Second shell phase,
started 1972 according to Goraya et al. (1990) and Doroshenko (1989), but one year
earlier according to Kogure (1990). The most intensive absorption line spectra was
observed during the period 1977-1985. During 1986, as all authors agree, started the
dissipation of the envelope accompanied by the weakening of the emission. Goraya
et al. (1990) concluded that the shell phase of Pleione wich started 1972 would be
terminated during 1989.

The polarimetric measurements of Pleione were done sporadically by Van den
Bergh (1956), Serkowski (1970), Coyne (1976), Markkanen (1977), Poeckert et al.
(1979) and Breger (1984, 1986). The last shell phase is badly covered by measure-
ments.

Polarization observations of Pleione started in Belgrade during 1986, when ac-
cording to Doazan (1988) the shell spectrum began to weaken. That was initiated by
V. Doazan after she started IUE observation of this star. During the same year the
hydrogen emission, according to Doroshenko (1989) was still strong.

In this paper we present the Belgrade polarizaton data for Pelione in V spec-
tral region during the period 1986-1992, when the weakening of the emmission was
anounced.

2. OBSERVATION

Polarimetric observations were carried out with the 65 cm Zeiss refractor and
Belgrade one chanell stellar polarimeter in V spectral region during the period 1986-
1992. The polarimeter (Kubicela et al. 1976) was modified in 1979 to digitize and
record the data. The angular velocity of the analyser was one turn per minute. In most
cases under ”one measurement” one point in Figures 1 and 2, one can understand up
to 8 polarimetric 1 minute sine — wave signals phase — averaged. The typical standard
deviations for one 8 minute measurement are 0.07% for Stoques parameters U and
Q. During the whole interval of observation the instrumental system was carefuly
checked by measuring polarized and nonpolarized standard stars.
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Fig. 2 Position angles of the intrinsic polarization of the star BU Tau in V spectral
region during the period 1986-1992 (dots). Triangles connected by full line denotes
the monthly mean values.

The detalied study of interstellar component in the direction of Pleione has been
done and will be discussed elswhere. For the moment we can say that beyond our
expectations, in the eastern region of the cluster where BU Tau is situated the inter-
stellar material, both inside and in front of cluster, is very uniform. In this situation
the problem of interstellar polarizaton component estimation is not so difficult. We
considered the values of interstellar polarization parameters estimated by Poeckert
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et al. (1979), Mc Lean and Brown (1978) and Breger (1986), interstellar reddening,
absorption and some other circumstances (Markkanen 1977) in the region of Pleione.
It was found that Breger’s (1986) values of interstellar polarization component in
the direction of Pleione, with certainty, shoud be: percentage P=0.27% and pcsition
angle §=113 degrees.

After extracting the interstellar polarization from the observed data the intrinsic
polarization parameters were determined. Individual values of the intrinsic polariza-
tion percentage P and the position angle 8 are shown in Figures 1 and 2. Monthly
mean values are denoted by triangle marks and conected by the full line in both Fig-
ures. The respective r.m.s. errors are within the intervals from +0.02% to + 0.13%
and from £2° to +8°.

3. CONCLUSION

During the period 1986 —~ 1992 the intrinsic polarization percentage of Pleione
weakened from the value around 0.57% to the value around 0.32%. Through the whole
period polarization percentage decreased not more than 0.25%. General decreasing
trend of polarization percentage was followed by the weakening of the hydrogen emis-
sion. Namely, during 1986 the weakening of the emission has started, and we predict
further weakening according to the fact that correlation of the polarization percentage
and the emission was observed in all stars of our programe. The same correlation for
Pleione exists during the period 1974-1988 with increasing emission, according to the
published data. The observed polarization percentage confirms the dissipation phase
of Pleione during the period 1986-1992.

For the position angle it is difficult to say what of the observed changes is rea..
In the case of small percentage this is always the case. Further analysis which will
include existing data of other authors will be probably fruitful.

As the dissipation of the envelope is usualy accompanied by a V magnitude
increase we expect the anticorrelation between polarization percentage and the mag-
nitude of Pleone in the period 1986-1992 to be confirmed soon. This will be very
interesting because, in the period 1974-1982, during an intensive shell phase, the
behaviour was just the oposite. To our knowledge that was the exception in Be stars.
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ON THE MASS - LUMINOSITY RELATION

T. Angelov
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Summary. The empirical mass—luminosity relation is analysed for the main sequence
(MS) within the interval —2.98 < L/Ly < 5.17. The agreement with theoretical
models is very satisfactory.

INTRODUCTION

For the components of various binary-system types for which the masses and
the absolute bolometric magnitudes are known, one can construct an empirical M-L
diagram. The first modern survey of the measured A/ and L (Harris et al., 1963)
comprises the visual binaries with M ~Mg. The higher masses appear in the lists of
Stothers (1972, 1973) concerning the components of eclipsing binaries and of Hutch-
ings (1976) dealing with the case of spectroscopic ones. The survey of McClusky,
Kondo (1972) for the visual and spectroscopic binaries also contains about one hun-
dred systems in the case of which only the total mass is available. Finally, Popper’s
(1980) list contains the modern (accurate) determinations of the thermal character-
istics, M, L and R, preferably for the stars of luminosity class V.

THEORY AND OBSERVATIONS
The dimension analysis for the homologous stars in the hydrostatical and thermal
equilibrium yields the relation
L=CMY, (1)
with parameters C' and ¢. Approximatively, for the laws of energy (¢) and opacity
(k) in the forms
e=ep'T", r=rp"T* (2)

(6o and K, are known functions depending on the chemical composition only) the
parameters C and ¢ depend on the given X, Y, Z, A\, n and s, so that (1) is valid for
radiative envelopes (in any case for the stars in radiative equilibrium). For the stars
of the same (and homogeneous) chemical composition, with the same laws (2) and
with the equation of state P~pT', C' and ¢ are constants — hence in that case (1)
becomes

L M
lgz = const + q lgM—® (3)

with

_3BA4+n+v)+2nv 452X - 1)
h 3n+N)+v—s

: (4)
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Fig. 1 gives an empirical igM-lgL diagram for the MS stars: 23 case of visual
binaries, 108 case of eclipsing ones and 8 that of spectroscopic ones. It is seen that
the theory yields a very good fit to the observations.

6

4_

Fig. 1 Mass-luminosity diagram for the main sequence
... 139 stars from Popper’s (1980) list,

— models with approximately solar chemical abundance
(from Tinsley, 1980).

Empirical relation (3) is given as a unique one for all stars in the chosen interval
of L i.e. M along the main sequence: ¢ = 2.76 for —2.5 <lgl < —1.1 (I = L/Lg)
and ¢ = 4 for —1.1 <lgl < 1.9 (Harris et al., 1963); ¢ = 3.87 for —2.3 <lgl < 5.1
(McClusky, Kondo, 1972); ¢ = 3.01 for 4.7 <lgl < 6.7 and ¢ = 2.7 for the most
massive stars only (de Jager, 1980). In Fig. 2a the rate of the luminosity change
based on (3) is given for various L intervals, whereas in Fig. 2b one presents the same
thing but for the cubic polynomial lgL(IgM) in the entire main sequence domain of
Fig. 1.

As seen (Fig. 2a), for each of the main sequence intervals, the theoretical lumi-
nosity variations from the local approximation (3) exceed the observed ones. On the
other hand, the general fit does not produce any systematic excess and it yields a very
good agreement between the models and the observations in an extended surround-
ing of Mg (Fig. 2b). In both cases (observations and models) the maximum values
for ¢ and dlgL/dlgM correspond to the domain M~Mg. Formula (4) for Kramers
opacity (n = 1,'s = 3.5) and the pp reaction chain with v = 2.5 — 4.5(X = 1) yields
g = 5.4—5.6, and for the CN cycle with v = 13 — 22 one obtains ¢ = 5.1 — 5.2. At
the same time, approximation (3) about the maximum (Fig. 2a) yields ¢ = 3.7 for .
the observations and ¢ = 4.3 for the models (in Fig. 2b the maximum also occurs
at 4.3). For Thomson scattering by free electrons (n = 0,s = 0) formula (4) yields
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¢ = 3 independently of the values for A and v, though it is clear that the CN reactions
appear (for hot — massive stars).
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Fig. 2  Luminosity-change rate
left(a): from (3); right(b): from cubic lgL(lgM);
- - -(...) observations; — models.

In the domain M <My approximation (2) for « is not valid in view of the domi-
nant convection in the case of low-mass stars.

CONCLUSION

The theoretical stellar models for the main sequence phase yield very good fit
to the observations on the mass-luminosity diagram. Here, on the basis of (local)
linear relation (3), the models yield a systematically more rapid luminosity change
with mass. In the case of the nonlinear approximation lgL(lgM/) the differences are
significantly smaller (negligible for M ~Mg) and not systematic. In both cases, ¢maz
and (dlgL/dlgM )maz are in the domain M~2Mg where (according to theory) occurs
the change in the transfer mechanism in the envelopes of the MS stars.
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ON THE CHOICE OF THE INITIAL CONDITIONS
IN AN N-BODY EXPERIMENT
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Summary: The authors discuss the choice of the initial conditions in their numerical
experiment concerning a simulation of a hypothetical open cluster containing 100 stars (mass
points) based on the N-body approach.

1. INTRODUCTION

As well known, the dynamics of open star clusters is of a collisional type.
The encounters, much more frequent than in the surrounding field, result in
a relatively short relaxation time. Therefore, an approach where the interac-
tion of the stars is direct following Newton’s universal-gravitation law is fully
justified.

It is clear that any experiment of such kind will be dependent of the
initial conditions and of the applied mathematical method. Therefore, the
intention of the authors is to discuss the choice of the initial conditions and
the mathematical formalism applied by them.

2. THE INITTIAL CONDITIONS

Our test stellar system contains 100 stars corresponding to the open clus-
ters among the real stellar systems. For simplicity we neglect the presence of
interstellar matter in it. Each star is characterised with seven parameters: the
coordinates, the velocity components (or phase coordinates taken together)
and the masses. The latter ones are treated as invariable throughout the ex-
periment so that the only way of distinction among the stars is their masses.

The choice of the initial phase coordinates is done in a way enabling, at the
initial moment, avoiding of any preferable concentration of massive stars near
the centre of the system and vice versa. Also, at the initial moment, we have
no binaries in the system since we expect both effects (concentrating of massive
stars towards the centre and formation of binaries) to arise sponatneously in
the course of our experiment.

Though, the test cluster is considered as isolated, or self-consistent, nev-
ertheless its spatial limits are chosen to be within the tidally allowed sphere
(Lagrangian neutral sphere, e. g. King, 1962). The distribution of stars in the
distance to the centre is presented in Fig. 1.

The initial values for the velocity components follow from the condition
that the cluster is gravitationally bound, i. e. its total kinetic energy is less
than the modulus of the potential energy. The distrbution of the star impulses
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is presented in Fig.2. Both distributions (Figs. 1—2) are intended to comprise
a completely random situation where the circumstance of gravitational binding
should produce the future evolution.

The mass-distribution law (Fig. 3) is chosen according to the modern
concepts (e. g. Marochnik and Suchkov, 1984 - p. 202); the interval is
[0.1, Mg, —50Mg], the mean mass is equal to 2.3Mg and the dispersion to
7.05Mg. The choice of the interval is based on the usual mass values along
the main sequence. The amount of the mean mass should be noted; it follows
from the circumstance that the presence of early-spectral-type stars in the real
open clusters should be expected.

3. THE MATHEMATICAL FORMALISM

For the numerical integration of the equations of motion we used symplec-
tic integrator of the fourth order. This technique for the numerical integra-
tion of the ordinary differential equations conserves integrals of the equations
exactly (Yoshida, 1992), i.e. truncation errors are constant throughout the
integration process. However, we should mention here that it does not reduce
round off erors.

We check validity of integrations by values of the first integrals (in this
case one has ten integrals) on every step of integration.

4. FIGURES
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Figure 1. Histogram: number of stars versus distance to the barycentre
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Figure 3. Histogram: number of stars versus mass
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General Information. Astronomy education in Yugoslavia follows the pattern
of education in general: it is a subject upon which each republic decides independently.
Generaly, astronomy education has longer and larger tradition in Serbia.

Historical Development. Astronomy education was following progres in general
teaching. In Serbia, elements of astronomy were taught in elementary schools, within
mathematical geography, since 1844, although in a very limited amount. More was
taught in secondary schools: in Gimnazija in Sremski Karlovci since 1791, in Gim-
nazija in Novi Sad since 1816 and in Liceum in Beograd since 1839. Astronomy was
often called cosmography then.There was a lot of changes in teaching plans later but,
nevertheless, serbian pupils were never left without elementary astronomical contents.

Recently, educational reformation of 1969 introduced astronomy as a separate
subject in the fourth year of secondary schools oriented to mathematics and natural
sciences, with one lesson weekly. Reformation in 1978 allocated 2 lessons weekly to as-
tronomy in the same type of schools. Reformation in 1987 did not change substantialy
teaching of astronomy; it was mainly concerning classification of schools.

The real and unfortunate change came in 1990 when astronomy was joined to
physics with only one lesson weekly. It lost its independence, the program got to
be shrinked and the position of astronomy teachers worsened considererably. As-
tronomers and physicists tried to stop such a law, but in vain.

The textbooks of astronomy for secondary schools in this period have been writ-
ten mainly by serbian writers; only one was translated.

It is very likely that some astronomical subjects were taught at the High School
from its foundation in 1863. Several higher level textbooks (? Cosmometry” and ” Cos-
mography” by Jovan Andonovich) and papers of serbian writers witness it. The first
professor of astronomy and meteorology on the High School was appointed in 1884. It
was Milan Nedeljkovich who got an uptodate astronomy education spending several
years at the Paris observatory. He founded the Astronomical observatory in Belgrade
in 1887. Soon after the foundation of the University of Beograd in 1905, astronomy
education was improved by Milutin Milankovich who was appointed as the professor
of applied mathematics and the director of the Department of rational mechanics,
theoretical physics and celestial mechanics in 1909. Astronomy was separated for the
first time as a study group in 1925-1927 due to the initiative of profesor Vojislav
Mishkovich. Foundation of the Faculty of sciences in 1947 brought new changes in
organization of teaching of astronomy. In 1951 the Department of mechanics and
astronomy was founded and in 1962 the Department of astronomy became indepen-
dent. Astrophysics started as a teaching subject at the Department of physics in
1954 and in 1958 was shifted to the Department of mechanics and astronomy. First
doctoral thesises in astronomy at the University of Beograd were defended in 1956.
The postgraduate studies in astronomy and astrophysics were introduced in 1966.
The Department of astronomy transformed into the Institute of astronomy in 1971.
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The major changes in the education plans happened in 1961 when two study groups:
astronomy and astrophysics group were introduced bringing many new astronomical
subjects and in 1990 when astronomy group oriented their study plans towards math-
ematics ang computer science. About half of the astronomical subjects have been
covered with textbooks written by University professors. Some of them still wait
publishing.

The amateur Astronomical Society ” Ruder Boskovich” founded in 1934 from
the very begining has worked on public education. It was publishing the popular
astronomical journal ”Saturn” from 1935 to 1941 and ”Vasiona” (Universe) from
1953 till today. It has been also organizing courses, lectures and observations.

Elementary Schools. Elementary school now is a compulsory eight years school.
Selected astronomical topics are taught in elementary schools within the course named
”Knowledge of Nature” (IV year), within geography (V) and within physics (later than-
VI). Details can vary from one republic to the other.

Secondary Schools. Secondary school is not a compulsory one. There is a large
variety of types of secondary schools. Some of them are very specialized, preparing
pupils for the work. Majority of better pupils is likely to choose ”gimnazija”. In
Serbia, ”gimnazija” type schools are 27 percents of the total number of secondary
schools. It lasts four years.

Astronomy is not a separate course, due to the law passed in 1990; it is incor-
porated in physics and partly in geography. Astronomy within ”gimnazija” is placed
into the last year of physics. Number of lessons depends on a model. There are 2
models:

I model. (General type)

1T model.

a. Natural sciences and mathematics oriented type,
b. Social sciences ang languages oriented type.

In the type I and IIb astronomy is included in physics, in the last year, with 5
lessons (or about 10 lessons if all subjects related to astronomy are counted). In the
type Ila astronomy is also included in the last year physics but with 32 lessons, out
of which 21 are used for teaching of new subjects and 11 are used for repetition and
exercises. Schools are allowed to organize astronomy course as a volontary course, in
the last year, with 70 lessons. The course is volontary in the sense that it represents an
extra course which, once chosen, has to be followed by a pupil till the end. Astronomy
will be taught according to this law from the automn 1993.

The textbook for such a program has been prepared by M. S. Dimitrijevich and
A. Tomich. It is expected to be printed in spring 1994.

Some elements of astronomy are taught in majority of other types of schools
within the II year physics. The suggested subjects are neutron stars, black holes,
ideas of the general theory of relativity, the origin and evolution of celestial bodies.
In medical schools 3 hours are given to astronomical subjects within physics.

In order to help secondary schools professors to keep in touch with new achieve-
ments in astronomy and with ways of teaching astronomy special lectures are pre-
sented at regular yearly meetings of professors.

University Education. There are 6 universities in Yugoslavia (in Beograd, Novi
Sad, Kragujevac, Nish, Prishtina and Podgorica).
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The University of Beograd is the only one which has astronomy as a study group.
It has two divisions:

1. Astrophysical department which has a study program containing many courses in
physics, two courses in mathematics, some general courses: such as foreign lan-
guages, pedagogy etc. and the following astronomical courses: general astronomy
(I), general astrophysics (II year), practical astrophysics (III), reduction of astro-
nomical observations (III), theoretical astrophysics (IV), structure and evolution
of stars (IV), radio astronomy (IV), stellar astronomy (IV), methods of teaching
astronomy and history of astronomy (IV). At the end of the third year students
have a summer practice at the Astronomical observatory in Belgrade and during
the forth year teaching practice in the Belgrade Planetarium, University, Youth
Research Station in Petnica, popular astronomical journal and secondary schools.
Graduated astrophysicists have a right to teach astronomy and physics in sec-

ondary schools.

2. Astronomical department has a study program which contains a lot of mathe-
matical courses particularly those related to programing, some general courses
(as in the astrophysical department), course in theoretical mechanics (III) and
the following astronomical courses: general astronomy (I), general astrophysics
(II), positional astronomy (II), practical astronomy (III), reduction of astronom-
ical observations (III), ephemeridal astronomy (IV), theoretical astronomy (IV),
celestial mechanics and the motion of artificial satellites (IV) and stellar systems
av).

Graduated astronomers obtained in 1990 the right to teach mathematics in sec-
ondary schools. They have also a right to teach astronomy but not physics what
makes their position very awquard.

The undergraduate studies last four years. The average number of graduations
is 3-b per year.

There are 4 divisions on postgraduate studies (M.Sc. courses) at the University
of Beograd:

Positional astronomy,

Astronomy and celestial mechanics,

Stellar astronomy,

Astrophysics.

The postgraduate studies last two years. A candidate has to pass exams and to
do a M. Sc. thesis. The average number of graduations is about one per year.

There is also geodetic astronomy (IV) at the Faculty of Civil Engineering and
one semester course of basics of astrophysics (III) for students of the teaching branch
on the Faculty of Physics, in Beograd.

Some elements of astronomy are taught within mathematical geography.

EEREIREOS

Public Fducation. Public astronomy education in Yugoslavia is done by lectures
at popular universities, on Radio and TV programs, in popular journals and books,
in Planetariums, in popular observatories and amateur astronomical societies.

A long tradition in organization of lectures on recent discoveries in astronomy
has Kolarchev Popular University in Beograd. It organizes every year, since 1964,
at least one cycle of astronomy lectures. Particularly active institutions in public
education are the Astronomical Society ”Rudjer Boshkovich” in Beograd and the
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Astronomical Society Novi Sad (ADNQOS). Both are amateur societies whose members
are professional astronomers as well, helping in popularization of astronomy.

There are two planetariums in Yugoslavia. One in Beograd was officially open in
1970 and had about 225 000 visitors untill now. One in Novi Sad is in the phase of in-
stalation. The Planetarium in Beograd works mainly with schools. Both planetariums
are small Carl Zeiss (Jena) instruments.

An interesting form of astronomical education are courses and summer schools
for pupils interested in astronomy. The Youth Research Station in Petnica (founded
in 1982) has been organizing 5 courses every year already several years. The first
course is an introductory one, the second course is introduction into practical work,
the third course is used for work on small research projects, the fourth is devoted
to some higher forms of work and on the fifth one the projects are finalized. The
best projects are stimulated to be published. The series starts with 50 candidates,
number decreasing later to few best participants. The courses last several days (up
to 10). The participants come to Petnica after the selection of best pupils interested
in astronomy. The Astronomical Society ”Rudjer Boshkovich” and ADNOS orga-
nize autumn and spring courses (in Belgrade and Novi Sad, respectively) for all who
wish to come. Those who wish to become collaborators of the Astronomical Society
”Rudjer Boshkovich” have to pass a final examination. There have been 325 of them.
The Astronomical Society ”Rudjer Boshkovich” organizes also yearly the Belgrade
Astronomical Weekend, with lectures, visits to observatories and observations. All
the courses are run by the stuff of these institutions although professional astronomers
often give lectures as well.

There are also some other forms for teaching of astronomy in Yugoslavia. One
of them is the regular yearly competition of pupils in tests and astronomical projects
within the organization ”Nauku mladima” (Science to the Youth). The projects
are chosen by pupils while the examining committee consists of teachers and at the
higher level of professional astronomers. It started in 1964. More than a hunderd
thousands of pupils were participating in competition by tests, about 3400 pupils
continued doing astronomical projects out of which about 50 were good quality ones.
38 projects have been published in parts or as a whole. There have been other
competions of pupils in astronomy but with much less participants. One organized
by Clubs of Young Technicians started in 1986, with a program similar to ”Nauku
mladima”, having 7 —30 competitors yearly. The Union of organization for scientific
and technical education of the youth of Serbia published in 1988 a handbook for
participants of this last competition.

The Astronomical observatory in Belgrade, the popular observatories of the As-
tronomical Society ” Rudjer Boshkovich” in Beograd and the Astronomical Society
Novi Sad, the Belerofont observatory of the Faculty of sciences in Kragujevac and the
small observatory of the Youth Research Station in Petnica receive visitors.

The Astronomical Society ” Rudjer Boshkovich” publishes a non profit journal
for popularization of astronomy ” Vasiona”. 166 numbers were published in which 23
articles were written by students as a part of teaching practice.

The Youth Research Station in Petnica publishes. ” Petnichke sveske” (Petnica
Notes). There have been 31 numbers printed out of which 15 have been at least
partly devoted to astronomical subjects.
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IN VELOCITY SPACES THE (UNPERTURBED) PLANETS MOVE IN
CIRCLES ONLY

Krpi¢ D.! and Anicin 1.2
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It is well known that hodographs of motions in 1/r fields are circles, the
equation of which is:

(v, — 4 + (v, - By = C?

where V., V,, are the Cartesian components of velocity and 4, B,C are the constants

of motion determined by initial conditions (Sommerfeld A. 1964). Starting from the
conservation laws we here show that the similar and quite useful relation exists

between the polar components of velocity, v, = dr/dt and v, =rdg/dt. The laws

of conservation of total energy £ and angular momentum /. for a mass /77 moving in

the field of mass M, (M >> m) , read:

= %mvr2 +- —%nzvi, — 7# = const 1)
and
L=mv,r=const. ()
If v, is expressed from (2) and substituted in (1) one obtains:
E = lmv%-%%mvé —nwy 3)

where we have introduced the new quantity

mM
= v 7 )
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which has dimensions of velocity and the meaning of which will become clear later. It is
straightforward now to rewrite equation (3) as:

2
v% + <v¢ — w) =u? )
where
2 _2E o
u° =—+w" =const. )

m

Equation (5) is the equation of a circle of radius  in the v,, v, plane, the

center of which is at the point W on v, axis (Figure 1.). This is the useful result
referred to in the title of this paper.

Figure 1. Trajectory in the V,., Vo plane. Due to the conservation of angular momentum

velocity space reduces to a plane. Angular velocity Vp can not be negative (no real
retrograde motion is possible) and the shaded region is a kinematically forbidden one.

If £ and L are once defined by initial conditions, W and % are given by (4)
and (6) and the velocity circle is completely specified.

In a point on the circle defined by angle  (see Fig.1) the components of the
velocity are:

v, =usin y

™)

Vy, =UCOSY +W

4

Also, if we introduce the vectors W and # as denoted in Fig .1, it is obvious that
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V=w+u
The distance 7 from the center of force at which angular component of velocity

equals v, is now easily obtained from equations (2) and (7) :
q 9

e L _ L ®)

™o mw(+Lcosy)
w

Since U is a fraction of W we may write

u=ew ©)
where, with help of (6),

e? = —ZE—?_ +1
mw (10)
and equation (8) now becomes:
(11)
Hy)=—2L
1+ecosy

This is immediately recognized as the general equation of a conic section in polar
coordinates which is usually written as (the polar axis pointing from the pole, at the
center of motion, towards the pericenter)

o (12)
l1+ecosp

Direct comparison with equation (8) yields the values of the parameters of the

trajectory : the focal parameter p = L/mw, the eccentricity e = u/ W, Or as given by

equation (10), and, most useful, angle y in the velocity diagram is equal to the polar

angle @ in the configuration space (or to the so called true anomaly of celestial

mechanics). All other elements of the keplerian orbits may now be found from the
expressions already deduced, equations (5) to (12).

To demonstrate the ease with which this is done we shall analyze only the
basic characteristics of possible motions.

The simplest case corresponds obviously to # = 0. Then also e=0, v, =0 and

Vp =V =Ww. Velocity diagram reduces to a point and trajectory is a circle with the
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radius 7, = p and W is seen to be the velocity on the circular orbit with given L. From

equation (1) total energy is seen to be £ = —mw? /2 what is its minimum possible
value since % can not be negative.
If 1 >e > 0 the trajectory is an ellipse (equation (12)) and # is smaller then

w; the velocity circle does not touch the v, axis. The characteristic points - the
pericenter P, the apocenter A, and the points where the focal parameter touches the
trajectory, FP, are marked in Figure 2. All the parameters of the trajectory are easily
found and this is left as an exercise to the reader (for instance, velocity at pericenter is
instantly seen to be ¥ + W, radial velocity is seen to be maximum at FP and to equal #,
etc.) Total energy is still negative, as follows from equation (10).

w=const
h
N FP P
N
N
by e
Y
\\
A N \P
w
P Vo
v
s
,
#
4 FP

Figure 2. View of different conic section trajectories in velocity plane. Representative
circles corresponding to circular (c), elliptic (e), parabolic (p) and hyperbolic (h)
trajectories with given angular momentum (same W) are shown. Characteristic points are
marked as described in the text.

The discussions of infinite motions equally easy yield the parameters of
parabolic and hyperbolic trajectories.
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The time variations of cosmic-ray intensities have been systematically studied
for at least some 50 years now, the first comprehensive review being by Elliot H.
(1952). An enormous amount of data has been collected by a multitude of measuring
stations scattered all over the world (Allkofer C.O. et al. 1984) and from that vast
material much has been learned about the cosmic rays themselves as well as about the
many astrophysical phenomena which influence their intensity. The intensity of
primary and secondary cosmic rays vary on different time scales; long term variations
have periods of one or more years while the short term ones are of periods from one
day to a year. There are also shorter and aperiodic changes of intensity lasting for
hours and maybe even less. All those variations are ascribed to terrestrial, solar and
galactic causes, ranging from trivial meteorological conditions through solar flares to
elusive galactic magnetic fields, and many models have been developed to account for
all the effects observed. (Due to the blockade of scientific information we have no
knowledge of the recent developments in the field.)

In Yugoslavia, however, the intensity of cosmic rays has never been
systematically measured and no local data on variations of this intensity exist. We thus
here give a short information about the potentials of our nuclear physics community in
this respect which it may propose to the astrophysical community by using modest and
mostly already available means.

For the purposes of cosmic-ray intensity monitoring a wide range of specific
detectors exists. Main requirements are the discrimination of cosmic-ray events from
‘those induced by other environmental radiations and large active areas in order to
have good statistical sensitivity. They may be either telescopes or single detectors of
adequate construction. Needless to say that neither of such detectors we possess at the
moment.

We have, however, for the very different needs of a thallium solar neutrino
experiment (Ani¢in 1. et al. 1988}, developed a simple single detector method for
cosmic-ray intensity measurements which exploits the common detectors used in
standard gamma-ray spectroscopy work (AniCin L. et al . 1991). The method is based on
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the fact that the cosmic rays, which at the bottom of the atmosphere consist mostly of
high-energy secondary muons, passmg through the detector medium loose some
energy (typically 2 MeV/gem” ) and produce part of the continuos background
spectrum. The low-energy part of this background spectrum below some 3 MeV is
intermingled with the part produced by other environmental radiations but the higher-
energy part is practically completely due to the cosmic rays. In the usual gamma-ray
spectroscopy work those events usually end up as saturated pulses and the counting of
those pulses offers the possibility to monitor the cosmic-ray intensity. We have also
developed (D. Jovanovi¢ of "Digital Design", Belgrade) a low-cost multiscaler card
operated by a standard AT computer which is well suited for the job. This is thus the
only addition to a standard gamma-ray spectroscopy system needed to measure the
variation of the intensity of secondary cosmic rays on Earth with time. An example of
such measurement is shown in Fig. 1.
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Figure 1. The record of the counting of the cosmic-ray intensity for a period of
two weeks. The counts clearly exhibit the anticorrelation with local
barometric pressure and temperature, both of correct magnitude.

The extent of the observable variation of intensity of the shortest duration is
determined by the counting statistics, i.e. by the detector size. As a rule of-thumb one
may think of the detector with the cross section 4 (cm2) of 100 cm? to yield about
3 counts per second and we may define a counting constant kK ~ 0.03 cpspcmz. The

relative counting error of the count C is r = Ac/ c= 1/ & and if the measurement

time is 7" seconds all the relevant quantities are connected as 7 = 1/ kAr 2. With a

detector of A = 100 cm? a change in the intensity of 1% (at the level of 10000 counts)
may thus be observed in a counting time of 1 hour but a 10% change is observable on
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the scale of some 30 seconds (all on the 68% CL). Our standard detectors are typically
of the cross-sections of about 25 cm?Z and the change of the order of 1% would be
observed only if it lasted for at least 3 to 4 hours. If better sensitivity is needed bigger

low-cost liquid scintillation detectors could be tailored for the purpose.
If such measurements are continuously performed at a number of more or less

distant places, after correcting for local meteorological conditions, cross-correlations
between the counts and correlations with geomagnetic data reveal whether the
variations are local or occur at a larger scale. This also provides a means to checking
the results. Fig. 2 is a map of potential measurement stations where measurements

could be organized at low cost and with little additional effort.
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Figure 2. Map of the potential measuring stations at mutual distances ranging

from 10 to 100 km
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SOME POSSIBLE ASTROPHYSICAL APPLICATIONS OF DIAMOND
ANVIL CELLS

Vladan Celebonovié

Institute of Physics,P.0.B.86, 11080 Zemun, Yugoslavia

The pioneering experiments of Bridgman, in the early and mid-
dle parts of our century, have marked the beginning of the modern
period of experimental high-pressure work ( for a review of his
work see Bridgman, 1964 ).Bridgman used large volume presses which
could contain large samples and in which the P - T gradients were
diminished, but which had the disadvantages of a limited P - T
range,no direct observation of the sample was possible,and were
expensive to install and maintain in operating conditions.

A breaktrough in high pressure experimental techniques
occured near the middle of this century ( Lawson and Tang, 1950;
Jamieson et al, 1959; Weir et al, 1959) with the invention of the
diamond anvil cell ( DAC ).The first DACs were built with the aim
of performing high-pressure x-ray diffraction studies and infrared
absorption measurements under high pressure.lLater evolution.des-
cribed in detail in the literature ( such as Jayaraman, 1983, 1986;
Williams and Jeanloz, 1991; Angel et al, 1992;Itie, 1992 ), has conver-
ted the DAC into a versatile quantitative tool for physical re-
search.

4 The basic principle of the DAC is extremely simple.A sample
is placed between the flat paralel surfaces of two opposed diamond
anvils,and it is subjected to pressure when the diamonds are pushed
together by an external force.Variaﬁions in DAC types arise from
different ways of generating the external force ,transmitting it
to the diamonds and alining them.In order to achieve hydrostatic

experimental conditions,a gasket is inserted between the diamonds.
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The gasket is a thin small metal foil,with a hole containing the
pressure transmitting medium and the sample in its center.Pressure
is measured in the "ruby scale":the R lines of ruby (A1203 doped
with Cr3+) have a well known pressure shift.Accordingly,a small
chip of ruby is placed in the hole in the gasket,and its fluores-
cence is excited by a laser or any other source of strong light.
This scale is linear up to at least 30 GPa ( Jayaraman, 1983 );in
its non-linear form,the ruby scale can be applied for pressure
measurements up to 250 GPa ( Ruoff, 1992a );at higher pressure only
X-ray diffraction measurements can be performed.Experiments in
DACs are complicated by the miniaturized scale:for example, the
hole containing the sample and a chip of ruby has a diameter of
only 200 um,while the typical size of the samples is of the order
of 40-50 um.Experiments can be performed in the interval of tempe-
ratures between 4K and around 7000 K ( Williams and Jeanloz, 1991 ).

What applications can DAC experiments have in astrophysics?
It is a "fact of life" that no direct observation of planetary
or satellite interior is possible.Some of the observable planetary
parameters critically depend on the conditions prevealing in their
interiors,and the only experimental method for investigating them
is the use of DACs.

For example,the giant planets of the Solar System contain a
large percentage of hydrogen,and the obvious question is how does
it behave under extremely high pressure ( of the order of hundreds
of gigapascals,as in the center of Jupiter ).Theory predicts that
hydrogen becomes metallic at a pressure of 200-300 GPa ( for exam-
ple,Wigner and Huntington, 1935;Barbee et al, 1983; Ashcroft, 19839 and
many other papers).Claims were recently made that metallization of
hydrogen was detected in a DAC at a pressure of P = 200 GPa ( Mao
and Hemley, 1983 ),but they were later shown to be incorrect
( Ruoff, Greene, Ghandehari and Xia, 1992 ).Accordingly, the existence
of metallic hydrogen in deep interiors of the giant planets,and
its possible consequences on the observable planetary parameters

is still an unsettled question.
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A closely related problem is the behaviour of ice under
high pressure.A new high pressure, low temperature phase,called
ice XII,has recently been discovered (Bizhigitov and Sirota, 1986).
It is stable for temperatures between 90 and 250 K,and in the
pressure interval 1200 - 2150 MPa.The preceeding phase, ice XI,
becomes metallic at P = 1.76 TPa ( Hama et.al, 1990 ).Such data are
relevant for modellization (and interpretation of observations)
‘of the giant planets and their satellites:to the author’s know-
ledge, they have not been widely used.

What about the interior of the Earth? Its composition is one
of the most important planetological problems ( Knittle and Jean-
loz,1991b ),but it is generally assumed that it consists of a metal-
lic core surrounded by a rocky crust ( Jeanloz, 1990 ).Experiments in
DACs have given valuable indications about the conditions in its
deep interior,such as the central temperature (Williams, Jeanloz,
Bass et al, 1987),the temperature at the core-mantle boundary
( Knittle and Jeanloz, 1991b ),or the possibility of chemical reacti-
ons between the silicates and liquid iron ( Knittle and Jeanloz,
1891a ).An analysis of melting of iron under high pressure ( Cele-
bonovié, 1993a) has given indications about the changes of the
Gruneisen parameter of iron under pressure,which is an example
of a planetologically motivated result in solid-state physics.
Numerous other examples of DAC experiments giving planetologically
interesting information can be found in the literature (such as
Jeanloz, 1989, 1990; Williams and Jeanloz, 1991).

Instead of a conclusion,a preliminary information:some work
concerning the high pressure behaviour of planetologically inte-
resting materials is going on in the Institute of Physics.Those

interested are invited to contact the author.
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MASS TRANSFER IN INTERACTING BINARY
W SER-TYPE SYSTEMS

Karetnikov, V.G., Menchenkova, E.V., Nazarenko, V.V.

Astronomical Observatory of the Odessa State Universily
Ukraine, 270014 Odessa, T.G.Shevchenko Park
root%astro.odessa.ua at relay. USSR.EU.net (Internet)

By the method, proposed by Nazarenko V.V.(1993) and using the observational
data, obtained by different authors, the physical conditions in the stream in the
neighbourhood of the point L1 were calculated for three interacting binary systems
of W Ser-type: B Lyr, V367 Cyg, RY Sct. Nazarenko V.V.(1993) showed, that the
properties and dynamic of the stream in the neighbourhood of the point L1 can be
calculated only on the basis of the parameters of the system and of the conditions
in the atmosphere of the Roche lobe filling component, without using any additional
assumptions.

Our calculation showed, that in the investigated systems saturation in the vicinity
of the point L1 takes place. That means, that a further increase of the radius of the
mass losing companion does not lead to a considerable increase of concentration of
matter in the point L1. The process of reaching the saturated state of the mass losing
component is good illustrated by Fig.1.

By changing the value Xo (Xo is the position of the deepest layer in the model
atmosphere by Kuruch R.L. (1979) on the X-axis) we calculated several versions of
the stream parameters near the point L1 for several observational data obtained by
different authors. The results of our calculations are collected in Table 1. XL is the
position of the point L1 on the X-axis, NL is the concentration of matter in the point
L1, TL is the temperature in the point L1, VL is the X-component of the stream
velosity and VL(s) is the sound velosity in the point L1. Rs is the stream radius, R
is the Roche lobe of the mass losing star, M is the rate of mass transfer through the
point L1. All dimensions are given in units of the distance between the components
of the binary system, velosity are given in km/s.

The analysis of the obtained results shows that in the result of the evolutional
expansion of the mass losing component the deep layers of its atmosphere reach the
neighbourhood of the first Lagrangian point L1 and a stream of axial symmetric
shape is formed. Its radius is comparable to the dimension of mass losing component
(They are only two times less than the radii of the mass losing stars). The stream
velocity along the X-axis in the neighbourhood of the point L1 amounts 20-30 km/s
and is equal to the sound velocity in this point. This result confirms the supposition
by Lubow S.H. & Shu F.H.(1975) about the stream velocity in the point L1. In
perpendicular direction the stream is in hydrostatical equilibrium (its velocity does
not exceed a few hundred m/s). It also agree well with the earlier assumption of
Prendergast K.H. & Taam R.E.(1974). The calculated rate of mass transfer reaches
10~% Mg /yr and also agree well with observed values of the rate of mass transfer.

For V367 Cyg the stream radii calculated on the basis of the system parameters
obtained by the different authors, differ considerably. The maximum value of the
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stream radius and the rate of mass transfer were calculated by using the parameters
of the system obtained by Menchenkova E.V.(1990). The stream radius and the rate
of mass transfer calculatedd on the basis of the parameters from Pavlowski K. et
al.(1992) and Li Y.-F. et al.(1987) are smaller. That fact contradicts to the obser-
vational data about the existence of circumstellar matter with develope structure in
the system V367 Cyg. That is why, we draw the conclusion that for V367 Cyg the
parameters obtained by Menchenkova E.V.(1990) are more realistic: M1= 2.3 Mg,
M2= 3.6 Mg, T1= 12000 K, A= 53 Rp.

For # Lyr the maximum values of the stream radius and the rate of mass transfer
obtained for the system parameters calculated by Ziolkowski J.(1976): M1= 2.0 Mg,
M2= 11.7 Mg, T1= 11000 K, A= 55 Rg.

For RY Sct the stream radius calculated on the basis of the different variants of
the system parameters are equal.

More detailed report will be published in Astronomicheskij Zurnal (Moscow)
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SPECTRAL VARIATIONS OF PLEIONE

Luthardt, R!., Menchenkova, E.V.2

1 Sternwarte Sonneberg
Federal Republic of Germany, D-96515 Sonneberg, Sternwartestr.32
% Astronomical Observatory of the Odessa State University
Ukraine, 270014 Odessa, T.G.Shevchenko Park

Pleione (BU Tau, 28 Tau, HD23862) is one of the best investigated Be stars. It
shows significant long term variations in its spectrum. Observations of Pleione over
more than 100 years show that the active phases appear periodically: 1887-1904 (Be
phase), 1904-1938 (B phase), 1938-1955 (Shell phase), 1955-1972 (Be phase), 1972-
1989 (Shell phase), 1989- (Be phase). There are many investigations of the envelope
of Pleione. At the same time, the nature of the underlying star have been investigated
only very poorly, because of the complicate analysis of the shallow and broad lines
observed in the spectrum of the rapid rotating star. Most of time in the spectrum
of Pleione a great number of shell lines formed in the envelope of the star have been
observed. It makes analysis of the spectrum of Pleione some more complicate problem.
In the end of 1980s the shell spectrum of Pleione became considerable weak and the
conditions for investigation of the underlying stellar spectrum, determination of the
parameters of the stellar atmosphere and search for lines of an assumed companion
became much better.

We obtained spectral observations of Pleione with the 6-m telescope of the SAO
(Zelenchykskay) on April 5, 1990 and the 2.6-m telescope of the Crimean Astronomical
Observatory (Nauchny) on December 10, 1990.

Our observations show, that during 1990

1. The lines of the shell spectrum of Pleione disappeared completely.

2. The spectral type of Pleione was equal to BS.

3. There are variations of the equivalent widths (more than two times) and the
profiles of the hydrogen lines. (Fig.1) Observed variations cannot be a result of
variations of the stellar luminosity, because the photometric variability of Pleione
is less than 0.6 mag. This effect may be an evidence that the envelope was more
develope in april and the profiles of the hydrogen lines were more distored.

4. The electron density, obtained for layers with different optical depths in de-
cember 1990 was equal to the value typical for main sequence stars with spectral type
B8. In april 1990 the electron density in the Pleione atmosphere for layers with 7 ~
0.3 was considerably smaller and corresponds to the value typical for supergigant of
spectral type B8. This result can witness both about the change of the physical con-
ditions in the Pleione atmosphere and the variation of the strenght of the envelope
that leads to a change of the influence of the envelope to the profiles of the hydrogen
lines.

5. No lines of the secondary component were discovered.

Detailed analyses of all published radial velocities measurements was carried out
separately for hydrogen and for lines of metals. The observational data from the time
interval 1938...1990 enable us to search for long term periodical variations of radial
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velocities. The radial velocities of the H lines show a larger scatter than metal lines.
A number of lines show very negative values during the epochs 33000...34000 and
46000...47000. These intervals represent the shell phase of Pleione. Sich a scatter also
occurs for several metal lines, esp. Call and Fel. These data were not used for period
search. Two methods for period determination were used:

1. Method of Lafler and Kinman

2. Fourier transformation.

The seach was carried out for period intervals 5000...15000 days (13.7...41 years).
The best results were obtained for the metal lines because of the smaller scatter in
the data. Both methods yielded almost the same results:

Lafler/Kinman Fourier analysis
metal lines
64117 (17.6 yr) 65809 (18 yr)
124504 (34 yr) 128564 (35yr)
H lines
65004 4670¢
124004 11468¢

The calculated value of the orbital period of Pleione (= 35yr) agree well with the
variations of the spectral properties of the star (shell - non-shell phase). Our results
agree well also with the conclusions published by Gies et al.(1990,AJ 100, 1601). In
this work time resolved H, spectroscopy was carried out during an occultation of
Pleione by the moon. The observations concluded to an asymmetric envelope which
is explained by a companion with M = 2 Mg. During the periastron passage of the
companion mass exchange by the primary star increases and a new shell phase begins.
The semimajor axis was determined to a = 19.1 au, the excentricity by e = 0.46 and
the inclination by 0° < i < 43°.

For an exact determination of the orbital parameters more radial velocity measu-
rements are necessary.
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THE ASTRONOMICAL OBSERVATORY
OF THE BELGRADE UNIVERSITY
BETWEEN 1926 AND 1941

Djokié,M.
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

ABSTRACT: The paper deals with the historical development of the
Belgrade Astronomical Observatory in the period 1926-1941.

After coming from Nice, where he should have directed the Service of the
Ephemeris-and-Orbit Calculation for the minor planets and comets at the Astronom-
ical Observatory, to Belgrade, where he was elected Professor of Practical Astronomy
at the Faculty of Philosophy and became the Director of the Astronomical Observa-
tory, Prof. Miskovié also took part in the work of the Commission of Astronomical-
Service Organisation in our country (Proti¢- BeniSek and Djokié, 1989). The work of
this Commission, founded by the Faculty of Philosophy in the first half of 1925 and
directed by Prof. Milankovié, was concentrated to the finding of a suitable location
for the purpose of building an astronomical observatory where the instruments ob-
tained from Germany after the First World War as war reparations due to the efforts
of Prof. M. Nedeljkovi¢ would have been installed and activated. At first Avala (511
m), a mountain very near Belgrade, was borne in mind as a location for building the
observatory, but this project remained as a foreseen possibility. The real actions were
going in two directions, almost simultaneously. Following the instructions of the Com-
mission mentioned above passed in the very beginning of 1927 Prof. Miskovi¢ took
some steps to find a suitable place for observatory building on the range of Fruska
Gora. As such Prof. Miskovi¢ chose the top of Lisaj (490 m) on plateau Zmajevac.
Following Prof. Miskovi¢’s proposal the Commission with jurisdiction in the organ-
isation of astronomical service accepted this location and Prof. Miskovié¢, himself,
was authorised by the University to initiate negotiations concerning the possibility of
leasing this land on Fruska Gora. Since the owner of the land was the Monastery of
Rakovac (one of many Serbian Orthodox monasteries there) and the land, itself, had
been already leased by the Mountaineer Society ” Fruska Gora” from Novi Sad, it was
necessary to get the assent of this Society for concessing the lease (Pakvor, 1989).
A corresponding contract concerning this transaction, dated on July 17, 1927, was
made between the Belgrade University and the Monastery of Rakovac but it remained
unsigned by the contracting parties. The advantage of this location compared to that
at which the Astronomical Observatory of Belgrade University would be finally built,
according to the climatological data, is that it has about 25 clear days more a year
and that the amplitude of annual variations in the air temperature is lower (Simié¢,
1954; Milosavljevi¢ et al., 1973).

According to the necessities in the teaching and in the general development
of the Astronomical Observatory as an institution Prof. Miskovié initiated an action
for building a pavilion on the land which belonged to the Astronomical Observatory
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after the splitting of the old Observatory into the Astronomical and Meteorological
ones in 1924. The work concerning the building of this pavilion with a dome of 6 m,
in which the mounting of a Zeiss 200 mm refractor was foreseen, was given through a
public auction, according to the Belgrade- Astronomical-Observatory archiv data, to
engineer Sinisa Svabi¢ with a preliminary price of 97 000 dinars and it was finished in
the following year (1928). On the same location two additional wooden pavilions were
built: for the transit instrument of 100 mm and astrolab (Sevarli¢ and Arsenijevi¢,
1989). With regard that the contract concerning the land lease on Fruska Gora for
the purpose of building an astromomical obseravtory was not realised and that the
space on the old location of the Astronomical Observatory was obviously insufficient
to its progress, and especially that this insufficient space was menaced by the General
Plan of City Development, a new contract was made on June 8, 1929 between the
Borough of Belgrade and the University which foresaw that a land of 40 000 m2 on
the Laudanov Sanac (East Vracar) would be given to the University by the Borough,
but followed by a condition that the land on West Vracar, used by that time by
the Observatory, would be given back to the Borough on free disposition. In this
connection one should consider the ruining of the 200 mm refractor pavilion in 1936
(Jankovié, 1984).

For the purpose of building the Astronomical Observatory on the new location
was approved a State Bank credit of 9 557 000 dinars in total amount, to be payed
during 25 years. Based on Prof. Miskovié’s drafts architect Jan Dubovi closely coop-
erating with him (the cooperation lasted 17 months) did the detailed plans according
to which the Observatory was built. Following Prof. Miskovié’s proposal the autho-
rised bodies established Dubovi’s fee (comprising his part of the work) to 120 000
dinars.

After finishing the building the old observatory was left and the new one was
moved in on July 1, 1932.

It is emphasized in the modern considerations concerning the building of the
astronomical observatory that the effort of performing this task as qualitative as
possible was evident. ”The natural values of the terrain and the functional specifity
were the initial advantage. The large location enabled to pay attention to each object
and to include it into a urbanistic entirety.” In these considerations one also finds for
the main observatory building that ”it, certainly, does the nucleus of this complex and
all other objects are strongly directed to it.” In the connection to this statement one
should emphasize that the main building was the initial element from which the total
complex should have been developed already in Prof. Miskovic’s original draft. Its
strict symmetry was especially expressed in the case of the main, southern, entrance
to the building and ”there is no element of the architectural tradition except the
wide stairs and four simple columns but nevertheless your impression is as if you were
entering a temple.” The sentence on the frieze of the main building ” Omnia in numero
et mensura” has been said to, probably, in a way as brief as possible expess the value
of the total Observatory Complex (Djurdjevié, 1989). In this object, such as it is,
the whole future activity of the Astronomical Observatory, as institution, would be
developed. This activity within the time interval here borne in mind would occur
uniformly but always followed by problems of financies and staff which as the initial
problems, already from the time of the foundation of the Great-School Observatory,
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would remain to be present forever. The activity of the Astronomical Observatory in
the period here considered involved many calculational, observational and editorial
efforts and it was reduced by the events of war in early 1941 to see its restitution
already in the early postwar period.
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NIKOLA TESLA: THE MOON’S ROTATION

Tomié! A. and Jovanovié? B. S.
L People’s Observatory, Kalemgdan, 11000 Belgrade
2 Museum of Nikola Tesla, Proleterskih brig. 57, 11000 Belgrade

ABSTRACT: The review of three articles by N. Tesla, published in the year
1919 in the journal ”Elecirical ezperimenter” is given, with special reference to the
astronomical contents and to circumstances in which they appeared. We conclude that
the famous experimenter Nikola Tesla was a serious theoretician, and popularizer, as
well.

1. INTRODUCTION

Nikola Tesla, this great engineer — physicist died 50 years ago. Since his life’s
work has a lot of practically important inventions his three papers on the rotation
of the Earth’s Moon published in 1919, have fallen into oblivion. Because of their
actuality up to our days we shall give extended excerpts of them. Yet, Tesla has had
a more general, phylosophical approuch to the universe.

2. THE CONVICTION OF THE COSMICAL LINKAGE

N. Tesla published in ”New York Herald” on October,12, 1919 the article ”Sig-
nals to Mars based on Hope of Life on Planet”. There it is said: ”The idea
that other planet are inhabited by intelligent beings might be traced to the very be-
ginnings of civilization. This, in itself, would have litlle significance, for many of the
ancient beliefs had their origin in ignorance, fear or other motives - good or evil, and
were nothing more than products of untrained or tortured imagination. But when
a conviction lives through ages in the minds, growing stronger and stronger with
increasing knowledge and intellectual development, it may be safely concluded that
there is a solid truth, underlying the instinctive perception.”

Indirectly, there are contained founds of Tesla’s interest in astronomy manifested
in the early ninetieths of the past century. Within the frames of wireless telegraphy
investigations, Tesla had the idea of interplanetary communication. In the great
polemics in the American press, after publication of P. Lowell’s photos of Mars and
Martian canals and of his papers on the possibility of life on Mars, Tesla advocated
Lowell’s opinion. Concretely, Tesla was on the side of those in the polemic, who
belived, in principle, in the chance of the existence of the extraterrestrial inteligent
life, and accordingly of the Martian life.

Prehistory of this position of Tesla can be found in his two scientific - phylosoph-
ical viewpoints:

(1) All living beings are automats, kept in motion by external impulses, and

(2) The matter contains no energy but the one got from outside.

In this, vertical line, lie the psyhophysical phenomena inadequately clean and
somewhat shaded, living in depth of brain, as hallucinations, mental pictures and
another, on which Tesla spoke. Looking for explanation of it, Tesla concluded that
its origin lies in the surrounding objects and events, and their influence. Connecting
this with Descarte’s thesis on beings as automats, and developing it, arised viewpoint
(1) quoted above.
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This viewpoint, formed probably in his European days, has been thz starting
point for the explanation of phenomena and occurrences, arround and within himself.

A succesfull application of it up to events concerning Lowell, suggested him an
extrapolation that some causes might not originate on the Earth. I.e.- they can be
due to an extraterrestrial, cosmic, origin.

In 1899 in Colorado Springs Tesla experimented on 12 million volt emitting/re-
cepting station, at that time only one on the Earth,s globe. Detecting a regular serie
of pulses, in form 1, 2, 3... Tesla was inclined to the cosmical origine, to explain it.

The crossing of psyhological (out of time) verticale, with sociological (chronolog-
ical) horizontale, gives just a point with events about P. Lowell. In this point the
conception born in depth of soul appears at surface, changed the flow of affairs, not
only forthcoming than preliminary, as well. How it heppend?

Old phenomena were seen in a new light. This is the millieu of Tesla’s coura-
geous claims. In there frames it is needed to see the articles about Moon’s rotation,
published in the journal "The Electrical Ezperimenter” in 1919. They are a story in
cyclus of autobiographical essays (” Famous Scientific Illusions”, part I, February,
1919, p. 692-4) and two appendices challenged by the readers reactions in form of let-
ters flow titled to Tesla and Hugo Gernsback, editor of journal, published separately
but under the same title (”The Moon’s Rotation”, issue of April, 1919, p. 866
and 892, and of June 1919, pp. 132, 133, 156, 157 and 160.). Note that H. Gernsback,
engineer, and editor of ” The Electrical Experimenter”, is the same H. Gernsback,
the father of modern science-fiction literature. Engineer and fantast, spiritus movens
of the movement for connection of fantasy and scientific facts. Would have they a
better combination to express fully theirs sense and intentions 7 We give a negative
answer. The American public was very disturbced, the journal multiplied its tirage
and readablity. On one side, this S.F. was born and another side Tesla gave detailed
explanations of this opinion and knowledge about the Moon’s rotation. These are his
only papers talking on astronomy, precisely and directly.

3. THE MOON’S ROTATION

It is well known that the Moon shows always the same side to the Earth. The
research work on the Moon’s rotation was found the three laws, published by D.
Cassini in 1693. We quote the first and second laws, which are concerned by Tesla’s
comments.

(1) The Moon revolve around the Earth, from west to east, about polar axis,
with constant angular speed and period of rotation equal to the period of revolution
about the Earth.

(2) The inclination of lunar equator to the ecliptic is constant.

How obtained these laws, it is unknown. But it can be proved that from all of
possibles dynamical solutions, just this describes the motion with minimal losses of
energy in the internal heating by friction. (Colombo, 1967) The dynamical interpre-
tation of Cassini’s laws is given by Lagrange in 1764 (Lagrange, 1780). He derived
the theory of compulsory oscilations in the lunar rotation. If the primary period of
rotation was different for the revolution period, after some time both give same values,
because of terrestrial tidal action to the Moon.
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The lunar rotation at first glance appears as an elementary, but problem of
classical mechanics, which was intensively examined in the past, it has not been fully
solved. A simple form of the equations of motion can easily result in a confusion.
(Moutsoulas, 1971) Other specialists for lunar motion have not come out from these
frames. (Jakovkin, 1960).

What about the Moon’s rotation where the subject of Nikola Tesla, a non -
astronomer, in 1919 ?

In his first article (p. 692) Tesla said: ”The greatest triumphs of man were those
in which his mind had to free itself from the influence of delusive appearances.” In
the under - title: ”1. The Illusion of the Axial Rotation of the Moon” (p. 693) Tesla
is more concrete: ” The spinning motion of a heavenly body must necesserily undergo
modifications in the course of time, being either retarded by resistances internal or
external, or accelerated owing to shrinkage and other causes. An unalterable rota-
tional velocity thru all phases of planetary evolution is manifestly impossible. ” This
is fully in concordance with the conclussion of Lagrange, but not the next one:

” But many astronomers have accepted as a physical fact that such rotation takes
place. It does not, but only appears so; it is an illusion, a most surprising one, t0o.”

Nikola Tesla, famous as experimenter, thinks in a manner of physicist - theoreti-
cian, finding fishionably detailes which escaped from attention of others: ”The truth
is, the so called ”axial rotation” of the Moon is a fenomenon deceptive alike to the
eye and mind and devoid of physical meaning. It has nothing in common with real
mass revolution characterized by effects positive and unmistakable. Volumes have
been written on the subject and many erroneous arguments advanced in support of
the notion. Thus, it is reasoned, that if the planet did not turn on its axis it would
expose the whole surface to terrestrial view;as only one half is visible, it must revolve.
The first statement is true but the logic of the second is defective, for it admits of only
one alternative. The conclusion is not justified as the same appearance can also be
produces in another way. The Moon does rotate, not on its own, but about an axis
passing thru the center of the Earth, the true and only one. The unfailing
test of the spinning of a mass is, however, the existence of energy of motion. The
Moon is not possest of such vis viva.”

At the next step Tesla asked himself about the intention of his discovery, in
connection with the Moon’s origin.: ”Three theories have been advanced for the
origin of the Moon. According to oldest, suggested by the... Kant, and developed by
Laplace.., the planets have been thrown off from larger central masses by centrifugal
force... Prof. George H. Darwin in an masterful essay on tidal friction furnished
mathematical proofs, deemed unrefutable, that the Moon had separated from the
Earth. Recently, his established theory has been attacked by Prof. T. J. J. Seein a
remarkable work on the ”Evolution of the Stellar Systems”, in which he propounds the
view that centrifugal force was altogether inadequate to bring about the separation
and that all planets, including the Moon, have come from the depths of space and
have been captured. Still a third hypothesis of unknown origin exists which has been
examined and commented upon by Prof. W. H. Pickering in”Popular astronomy
of 19077, and according to which the Moon was torn from the Earth when the later
was partially solidified, this accounting for the continents which might not have been
formed otherwise. Undoubtedly planets and satellites have originated in both ways
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and, in my opinion, it is not difficult to ascertain the character of their birth. The
following conclusions can be safely drawn:

1. A heavenly body thrown off from a larger one cannot rotate on its axis. The
mass, rendered fluid by the combined action of heat and pressure, upon the reduction
of the latter immediately stiffens, being at the same time deformed by gravitational
pull. The shape becomes permanent upun cooling and solidification and the smaller
mass continues to move about the larger one as the it were rigidly connected to it
except for pendular swings or librations due to varying orbital velocity. Such motion
precludes the possibility of axial rotation in the strictly physical sense. The Moon
has never spun around as is well demonstrated by the fact that the most precise
measurements have failed to show any measurable flattening in form.

2. If a planetary body in its orbital movement turns the same side towards the
central mass this is a positive proof that it has been separated from the latter and is
a true satelite.

3. A planet revolving on its axis in its passage around another cannot have been
thrown off from the same but must have been captured.”

As arguments to Tesla’s point of view we quote further. Usually in further
approximation the Moon has been assumed to be sphere. In the cited tractate, La-
grange demonstrated that the form of the Moon must be rotational ellipsoide with
the largest axis orientated to the Earth. But, how been shown from analyses of deter-
minations of the axis - amounts, triaxial ellipsoid as approximation gives noly better
repressentation than the sphere model. (Podobed, Nesterov, 1978, p. 309). The
”Lunar Orbitter” data give semi - axis which differs not more than 0.5 km.

How it can be occured, Tesla’s article was provocation for many readers. As
reaction and his answer to letters, Tesla has written second, and finally third article,
with in detaile explanation of his opinions.

Here Tesla gave one correction, too. (April issue, p. 866): ”I have stated in my
article that the Moon rotates about an axis passing thru the center of the Earth,
which is not strictly true, but it does not vitiate the conclusion I have drawn. It is
well known, of course, that the two bodies revolve around a common center of gravity,
which is at a distance of a litlle over 2899 miles from the Earth’s center.”

In details he explaned the rotation (p. 866, April issue): ”” Axial rotation” is not
simply ”rotation upon an axis nonchalantly defined in dictionaries, but is a circular
motion in the true physical sense - that is, one in which half the product of the mass
with the square of velocity is a definite and positive quantity.”

At page 892. Tesla said:

”Even the well - known experiment with the Foucault pendulum, altho exhibiting
similar phenomena as on our globe, would merely demonstrate a motion on the satelite
about some axis. The view I have advanced is NOT BASED ON A THEORY but on
facts demonstrable by experiment. It is not a matter of definition as some would have
it. A MASS REVOLVING ON ITS AXIS MUST BE POSEST OF MOMENTUM. Ifit
has none, there is no axial rotation, all appearances to the contrary notwithstanding.”

His conception Tesla demonstrated in the mechanical models, writing:

”Consider first the case of two equal weights w and wy, in Fig. 1. (Fig. 1) whirled
about the center O on a string s as shown. Assuming the later to break at a both
weights will fly off on tangents to their circles of gyration, and, being animated with
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different velocities, they will rotate around their common center of gravity o.”... " The
weights continue to rotate at the original rate and in the same direction. I know this
to be a fact from actual experiments.” Tesla showed it precisely mathematically in the
third article. ”The kinetic energy would then be equal to the sum of the energies of
the translatory and axial motions, not merely in the abstract mathematical meaning,
but as a physical fact.”... ”I shall first understake to demonstrate that there is no
torque or rotary effort about center C and that the kinetic energy of the supposed
axial rotation of the ball is mathematically equal to zero. This makes it necessary
to consider the two halves separated by the tangential plane pp wholly independent
from one another.”... ”These are the distance from center O, at which the masses of
the half spheres may be concentrated and then the algebraic sum of their ewnergies
- which are wholly translatory those of axial rotation being nil- will be exactly equal
to the total kinetic energy of the ball as a unit.” ( The proof is correct derived, and
we quote it not.)
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Diagram lllustrating the Rotation of Welghts
Thrown Off By Centrifugal Force.

The consideration was finished by the words: ”It will be readily seen that if both
strings are cut in the same instant the masses will fly off in tangents to their circular
orbits, the angular movement becoming rectilinear without any transformation of
energy occurring. Let us now inquire what will happen if the two masses are rigidly
joined , the connection being assumed imponderable. Here we come to the real bug in
the question under discussion. Evidently , so long as the whirling motion continues,
and both the masses have precisely the same angular velocity, this connecting link will
be of no effect whatever, not the slightest turning effort about the common center of
gravity of the masses or tendency of equalization of energy between them will exist.
The moment the strings are broken and they are thrown off they will begin to rotate
but, as pointed out before, this motion neither adds to or detract from the energy
stored. The rotation is, however, not due to an exclusive virtue of angular
motion, but to the fact that the tangential velocities of the masses or parts
of the thrown off are different.” (p. 156)

But, it is not the end of the story. Tesla showed the problem more generally.
”Virtually all satellites rotate in like manner and the probability, that the acceleration
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or retardation of their axial motions - if they ever existed - should come to a stop
precisely at a definite angular velocity,. is infinitesimal while it is almost absolutely
certain that all movement of .this kind would ultimately cease. The most plausible
view is that no true Moon has éver rotated on its axis, for at the time of its birth
there must have been some deformation and displacement of its center of gravity thru
the attractive force of the mother planet so as to make its peculiar position in space,
relative to the latter, in which it persists irrespective of distance, more or less stable.”
(p. 157)

Here we can cite Savié¢’s hypothesis about the origin of rotation of celestial bodies,
developed in SK - theory (Savié, Kasanin, 1965, p. 70) giving the same results for
the lunar rotation: ”By studying the ionisation of various elements we reached the
conclusion that the ionisation due to pressure can be brought about at the earliest
moment during transition from phase 2 to phase 3... If, thus, a certain celestial body
has not the phase 3 in its interior, because of its small mass, then it certainly does
not have a magnetic moment... This is the case, for instance, with our Moon, since
its mass is small for such a process... This is why the Moon has neither a magnetic
moment nor a rotation of its own.”

Tesla opposed the wide spreaded opinion about the cause of optical libration
in longitude. ”Referring to the librations of longitude I do not see that they have any
bearing on this question. In astronomical treatises the axial rotation of the Moon is
accepted as a material fact and it is thought that its angular velocity is constant while
that of the orbital movement is not, this resulting in an apparent oscillation revealing
more of its surface to our view. To a degree this may be true, but I hold that the
mere change of orbital velocity, as will be ewident from what has been stated before
could not produce these phenomena, for no matter how fast or slow the gyration,
the position of the body relative to the center of attraction remains the same. The
real cause of these axial displacements is the changing distance of the Moon from the
Earth owing to which the tangential components of velocity of its parts are varied.”...
”The Moon actualy swings on the axis passing thru its center of gravity on which it
is supported like a ball on a string. The forces involved in these pendular movements
are incomparably smaller than those required to effect changes in orbital velocity.”
(p- 160)

This opinion we find in modern textbooks on general astronomy: ” The libration
on longitude can be geometrically interpreted as the consequence of uniform rotation
about ITS axis and about variable velocity of revolution along the ellipse.” (Podobed,
Nesterov, 1975, p. 295). From the next cited text (on page 892, April issue): ”From
the character of motion of the satellite it may be concluded with certitude that it is
devoid of momentum about it’s azis. If it be bisected by a plane tangential to the
orbit, the masses of the two halves are inversely as the distances of their centers of
gravity from the Earth’s center.” (p. 892), we see that Tesla was very near to the
conclusion that even nearly half of the Moon must be with higher mass than farther
half. ”Even after the calculation of the libration effects, it is not correct to assume
that the mean position of the Moon’s center is in fact the same as the centre of mass”.
(Podobed, Nesterov, p. 312) The existence of masscons under surface of lunar maria
of the visible half is an argument in favour of the said before.

Our attention is devoted to the astronomical contents in Tesla’s articles. But,
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these texts are very interesting from the view point of models used in explanation,
with applied well-known physical laws. It is a theme for separate analysis, pedagogical
and methodological.

From all, it follows that famous experimenter, Nikola Tesla was a serious theo-
retician, methodicist too, which well marked the peculiarities, where are invisible to
other explorers. For the end of the story we quote the words of H. Gernsback, editor
of ”Electrical Experimenter”: ”Dr Tesla explains... in a masterly way, so that
everyone can understand them”. (p. 692.)
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Introductory lecture

MORPHOLOGY OF THE GALACTIC DISC

Jelena Milogradov-Turin
Institute of Astronomy, Mathematical Faculty, University of Beograd
Studentski Trg 16, 11000 Beograd, p.f. 550

A review of recent results in radio astronomy, UV astronomy and optical astron-
omy, including the author’s radio spectral indices work, related to the morhology of
the Galaxy, is presented. It is shown that the galactic disc, apart from spiral struc-
ture, is dominated by bubbles, superbubbles and other remnants of violent events.
Many important features of the local surrounding can be relatively simply explained
by the hypothesis about near violent explosions.

Introductory lecture

CALCULATION OF STARK BROADENING PARAMETERS
FOR STELLAR PLASMA INVESTIGATION

Dimitrijevié, M. S.
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

Here is presented a review of semiclassical calculations of Stark broadening pa-
rameters and comparison of different semiclassical procedures is discussed, as well
as the agreement with critically selected experimental data and more sophysticated,
close coupling calculations. Approximate methods for the calculation of Stark broad-
ening parameters, usefull especially in such astrophysical problems where large scale
calculations and analyses must be performed and where a good average accuracy is
expected, have also been discussed.

REGULATION OF HUMIDITY IN THE ATOMIC CLOCK
ROOM OF THE BELGRADE OBSERVATORY

Gruyji¢,R. , Damljanovié,G.

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

On the basis of the collected data on the water elimination from the atomic clock
room (the third cellar) of the administrative building of the Belgrade Astronomical
Observatory with the instrument (Hygromatik), the examination of the changes of the
eliminated water, temperature and humidity is performed during 1990.1-1993.0 . The
interdependence of the amount of the eliminated water, temperature and humidity is
derived. These examinations show that the instrument made possible the regulation
of humidity keeping the constant level of temperature:
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TOTAL SUNSPOT AREA AND THE SAVA RIVER FLOW, I

, ) Jovanovi¢, B. D.
Faculty of Agriculture, University of Novi Sad, Novi Sad, Yugoslavia

Spectral decomposition theorem has been applied in searching the solar activity
influence on the Sava river flow at a station. The seven year lag has been found for
maximum river flow.

ON THE SWIMMING OUT OF THE SOLAR MAGNETIC TUBES

Tomié! A. and Vince? L.

1 People’s Observatory, Kalemegdan, 11000 Belgrade
2 Astronomical Observatory, Volgina 7, 11000 Belgrade

The classical analogy of Coulumb-interaction of the magnetic dipoles is applied
to the solar global magnetic field and its magnetic tubes, in the context of Savi¢ and
Kasanin theoretical model of solar interior. Thence it follows that this mechanizm
of interaction can originate the swimming out of the magnetic tubes in qualitative
satisfactory manner according to observational data.

AN ANALYSIS OF CLOSE BINARIES (CB) BASED ON
PHOTOMETRIC MEASUREMENTS

An Interpretation of CB Light Curve RX Cas
by using the Inverse-Problem Method

G. Djurasevi¢
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

The author considers the current problematics in the determination of the orbital
and physical parameters for active close binaries (CB) of W Ser type based on the
interpretation of photometric observations. One solves the problem in two stages: by
obtaining a synthetic light curve in the case when the parameters of the corresponding
CB model are given a priori (direct problem) and by determining the parameters of
the given model for which the best fit between the synthetic light curve and the
observations is achieved (inverse problem). In the particular case one analyses the
light curves of CB RX Cas in the framework of the accretion-disc model. The change
of the light curves with the system’s physical-activity phase is analysed and the orbital
and physical parameters of the system are determined for the maximum, minimum
and the transition regime of the physical activity by applying the inverse-problem
method.
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INMPOI'PAM X HAITMOHAJIHE KOH®EPEHIINJE
JYT'OCJIOBEHCKNX ACTPOHOMA

PROGRAMME OF THE X NATIONAL CONFERENCE
OF YUGOSLAV ASTRONOMERS

Belgrade, September 22 — 24, 1993
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cpena, 22. 9. 1993.

CsBedaHO OTBapame
— Ilo3gpaBHU roBOp CaBE3HOI MUHUCTpa 3a HayKy, TeXHOJIOrUjy U passoj p Munaana
Lumumpujesuha

— Ilo3mpaBHM roBOp TMpeOCTaBHUKA IJIABHOI CIIOH30pa, AMPEKTOpa 3a BEJIENPOHajy
BUIl-a, llejuh MuaaHa

ITaysa y3 mociyxeme

YBOIOHA NMPEOABAA
INTRODUCTORY LECTURES
M. Kapabus:

OCHMJIALIMIJE U TAJTACHU HA CYHLLY U 3BE3SIAMA
OSCILLATIONS AND WAVES IN THE SUN AND STARS

3. Kuexepuh:
COIICTBEHU EJIEMEHTU MAJIUX IIJTAHETA: TEOPUJA U ITPAKCA
MINOR PLANETS’ PROPER ELEMENTS: THEORY AND PRACTICE

1200 — 1230 [Taysa

CAOIIIITEKA
CONTRIBUTED PAPERS

J. JlazoBuh:

NMPUBJIMKHE BPEOHOCTU EKCIUEHTPUYHUX AHOMAJIUJA ITPOKCUMU-
TETA

THE APPROXIMATE VALUES OF ECCENTRIC ANOMALIES OF PROXIMITY

3. harosuh:
O JEIIHOM THUIIY OrPAHUYEHOI" [TPOBJIEMA TPU TEJIA
ON THE ONE TYPE OF THE RESTRICTED THREE BODY PROBLEM
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3. Kuexepuh:

TEXHUKA T'EHEPUYKOI" YJTAHA Y PAYYHY IIOPEMERAJA KPETAIHLA MA-
JINX IIJIIAHETA

?”GENERIC TERM” TECHNIQUE IN COMPUTATION OF ASTEROID PERTUR-
BATIONS

C. Canjaxos, M. IIaunh u 3. IIBeTkoBHh:

OPUJEHTALIMJA KOOPOUHATHOI' CUCTEMA FK5 U3 MEPUIMNJAHCKUX
IMMOCMATPAIBLA CYHIA U IINTAHETA

THE ORIENTATION OF THE FK5 COORDINATE SYSTEM FROM THE MERI-
DIAN OBSERVATIONS OF THE SUN AND PLANETS

1330—15%° Maysa

B. TpajkoBcka 1 M. Mujatos:

YTHULLAJ HEOBPAYYHATUX EPEKATA ®JIEKCUJE 1 PESPAKIIMIE HA BPEI-
HOCTHU O — C OOPEBEHUX 3A CIHOJBEHE HJIIAHETE BEOI'PAIICKVMM BEP-
THUKAJIHUM KPYT'OM

INFLUENCE OF UNACCOUNTED EFFECTS OF FLEXURE AND REFRAC-
TION ON THE VALUES O — C FOR OUTHER PLANETS DETERMINED WITH
THE BELGRADE VERTICAL CIRCLE

P. I'pyjuh u I'. IamjaHosuh:

PETYJIAIIUJA BJIIAXHOCTU Y NPOCTOPUIN 3A ATOMCKU YACOBHUK AC-
TPOHOMCKE OIICEPBATOPMUIJE Y BEOI'PALLY

REGULATION OF HUMIDITY IN THE ATOMIC CLOCK ROOM OF THE BEL-
GRADE OBSERVATORY

B. JoBaHoBuh:
YKYITHA IIOBPIHIMHA CYHYEBUX IIETA U TOK PEKE CABE, I
TOTAL SUNSPOT AREA AND THE SAVA RIVER FLOW, I

C. Epkanuh n M. Bunne:

YTULA] TIPOMEHA TEMIIEPATYPCKOI' TPAIMJEHTA HA TIAPAMETPE
IMPOPUJIA CYHYEBUX CIIEKTPAJIHUX JIMHUJA

INFLUENCE OF TEMPERATURE GRADIENT CHANGES ON SOLAR SPEC-
TRAL LINE PROFILE PARAMETERS

163°—17°° [Iaysa

. Jespemosuh, W. Bunne, C. Epkanuh u JI. Ilomosuh:

IMTPOMEHE IEHTAP-JIUMB HEKUX ITAPAMETAPA CIIEKTPAJTHUX
JIMHUJA HA CYHILY

THE CENTER-TO-LIMB VARIATIONS OF SOME SOLAR SPECTRAL LINE PA-
RAMETERS

J. CxymaH, A. Kybudena, W. Bunue, J. Apcennjesuh u JI. Ilonosuh:

IOHAIIAKE HEKUX $PAYHXOPEPOBUX JINMHUIJA OKO MAKCMYMA CYH-
YEBE AKTUBHOCTU

BEHAVIOR OF SOME FRAUNHOFER LINES AROUND MAXIMUM OF SOLAR
ACTIVITY
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1200

O. Aranaunxosnh—Bykmanosuh u E. Simonneau:

YIIOTPEBA UTEPALLIUOHMX ®AKTOPA Y ITPOBJIEMY $OPMUPABA JINHUJA
CA MPOCTOPHOM BAPUJALIMJIOM TTPOPUIIA

THE USE OF ITERATION FACTORS IN THE LINE FORMATION PROBLEM
WITH SPATIAL VARIATIONS IN PROFILE FUNCTION

B. Kpuusanuse 1 M. IumuTtpujeuh:

IITAPKOBU IIOMAIIU JIMHUJA C IV ¥ CIHEKTPY PG 1159-035

STARK SHIFTS OF C IV LINES IN THE SPECTRUM OF PG 1159-035
M. Iumutpujesuh:

IITAPKOBO IIUPEBLE JIMHUJA Hg 11 Y 3BESIAHUM ATMOCPEPAMA
STARK BROADENING OF Hg II LINES IN STELLAR ATMOSPHERES

HAKHAIIHO ITPUCIIEJIA CAOIIITEA
POST DEAD-LINE PAPERS

qeTBpTaK, 23. 9. 1993.

YBOIHA IIPEOABAIbA
INTRODUCTORY LECTURES

J. Munorpanos—TypuH:
MOP®OJIOT' MJA TAJTAKTUYKOTI" OUCKA
MORPHOLOGY OF THE GALACTIC DISC

M. Oumutpujesuh:

N3PAYYHABAKE TAPAMETAPA LITAPKOBOI' LINPEHA 3A U3YYABAILA
3BE3IAHUX ITJIASMU

CALCULATION OF STARK BROADENING PARAMETERS FOR STELLAR
PLASMA INVESTIGATION

1190—113° Maysa

CAOIIIITEKBA
CONTRIBUTED PAPERS

Jb. Ckyman, C. Benuxe u J. Jlabar:
LITAPKOBU IIOMAIIU CIIEKTPAJTHUX JIMHUJA Ar I
STARK SHIFTS OF Ar I SPECTRAL.LINES

JI. TlonoBuh, M. Humurpujesuh u W. Bunue:
CIIEKTAP CP 3BE3IA: LITAPKOBA HLIMPUHA JIMHUJA TELWKUX JOHA
SPECTRUM OF CP STARS: STARK WIDTH OF HEAVY ION LINES

M. HOumutpujesuh u S. Sahal-Bréchot:
INAPAMETPH HITAPKOBOI' LIMPEBbA 3A CIIEKTPAJIHE JIMHUJE Be II
STARK BROADENING PARAMETERS FOR Be II SPECTRAL LINES
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M. Oumurpujesuh:

IITAPKOBE IIMPUHE JIMHUJA YETBOPOCTPYKO U IIETOCTPYKO HAEJIEK-
TPUCAHUX JOHA OO ACTPOSPUBUIKOI' BHAYAJA

STARK WIDTHS OF FOUR- AND FIVE- TIMES CHARGED ION LINES FOR
ASTROPHYSICISTS

1230153 aysa

M. Iumutpujesuh u S. Sahal- Bréchot:
IITAPKOBO IIMPEWKE JIMHUJA S VI
STARK BROADENING OF S VI LINES

A. A. Muxajnos, M. Iumutpujesuh u Jb. Urmarosuh:

JOH—ATOMCKHU PAIIMJATUBHU CYIAPU U HEINPO3PAYHOCT CYHYEBE
ATMOCSEPE

ION-ATOM RADIATIVE COLLISIONS AND THE OPACITY OF THE SOLAR
ATMOSPHERE

J. Apcennjesuh, C. Mapkosuh-Kpuusanus, C. Janko, B. Kpussanun u JI. Ilorosuh:
JINMHEAPHA OIITUYKA ITIOJIAPU3ALIVJA 3BE3IE BU Tau
LINEAR OPTICAL POLARIZATION OF THE STAR BU Tau

T. AHrenos:
O PEJIALILJIUN MACA—CIJA]
ON THE MASS-LUMINOSITY RELATION

1630—17°° Taysa

C. Hunxosuh u 3. Rarosuh:

O U3BOPY IIOYETHUX YCJIOBA Y EKCIIEPUMEHTY N TEJIA

ON THE CHOICE OF THE INITIAL CONDITIONS IN AN N - BODY EXPERI-
MENT

A. Tomuh u U. Buniie:
O UCIIJIMBABAKY MAI'HETHUX IIEBU HA CYHILY
ON THE SWIMMING OUT OF THE SOLAR MAGNETIC TUBES

HAKHAIIHO ITPUCIIEJIA CAOIIIITEKBA
POST DEAD-LINE PAPERS

nerak, 24. 9. 1993.

YBOIOHO NNPEOABAHKE
INTRODUCTORY LECTURE
J Munorpanos—Typun:

ACTPOHOMCKA HACTABA Y CP JYT'OCJIABUIU
ASTRONOMY EDUCATION IN FEDERAL REPUBLIC OF YUGOSLAVIA
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CAOIIITERA
CONTRIBUTED PAPERS

I. Kpnuh u Y. AHnauH:

MJIAHETE CE KPERY UCKJBYYMBO 11O CABPIIEHMM KPYT'OBUMA, AJIN Y
IMPOCTOPY BPSUMHA

IN VELOCITY SPACES THE (UNPERTURBED) PLANETS MOVE IN CIRCLES
ONLY

I'. llikopo, HO. JeBpemosuh, Y. bukur 1 M. AHHINH:

MEPEWE BPEMEHCKNX BAPUJALIMJA KOCMUWYKOI" 3PAYEA Y JYTOCJIA-
BUIN

THE MEASUREMENTS OF TIME VARIATIONS OF COSMIC RAYS IN YU-
GOSLAVIA

B. YeneboHosuh:

HEKE MOI'YRE ACTPO®PU3BUYKE IPUMEHE INJAMAHTCKUX ITPECA
SOME POSSIBLE ASTROPHYSICAL APPLICATIONS OF DIAMOND ANVIL
CELLS

10%5—113% Maysa

B. I'. Kaperuukos, E. B. Mendenkosa u B. B. Hazapenxo:
IMPEHOC MACE Y UHTEPATYJYRUM OBOJHUM CUCTEMUMA TUIIA W Ser
MASS TRANSFER IN INTERACTING BINARY W Ser — TYPE SYSTEMS

R. Luthardt u E. B. MeH4eHKOBa :
MNPOMEHE Y CIIEKTPY PLEIONE
SPECTRAL VARIATIONS OF PLEIONE

I'. ‘Bypamepuh:

AHAJIM3A TECHUX OBOJHUX CUCTEMA HA OCHOBY $OTOMETPUICKUX
MEPERA

AN ANALYSIS OF CLOSE BINARIES (CB) BASED ON PHOTOMETRIC MEA-
SUREMENTS

M. Bokuh:

ACTPOHOMCKA OIICEPBATOPUJA BEOI'PAICKOI' YHUBEP3UTETA Y TEPU-
Oy Ol 1926 IO 1941

THE ASTRONOMICAL OBSERVATORY OF THE BELGRADE UNIVERSITY
BETWEEN 1926 AND 1941

A. Tomuh u B. C. JoBaHosuh:
HUKOJIA TECJIA: MECEYEBA POTAILIUJA
NIKOLA TESLA: THE MOON’S ROTATION

OKPYT'JIX CTO: ACTPOHOMMIA Y JYT'OCJIABUIN
ROUND-TABLE DISCUSSION: ASTRONOMY IN YUGOSLAVIA

135



	scan001
	scan002
	scan003
	scan004
	scan005
	scan006
	scan007
	scan008
	scan009
	scan010
	scan011
	scan012
	scan013
	scan014
	scan015
	scan016
	scan017
	scan018
	scan019
	scan020
	scan021
	scan022
	scan023
	scan024
	scan025
	scan026
	scan027
	scan028
	scan029
	scan030
	scan031
	scan032
	scan033
	scan034
	scan035
	scan036
	scan037
	scan038
	scan039
	scan040
	scan041
	scan042
	scan043
	scan044
	scan045
	scan046
	scan047
	scan048
	scan049
	scan050
	scan051
	scan052
	scan053
	scan054
	scan055
	scan056
	scan057
	scan058
	scan059
	scan060
	scan061
	scan062
	scan063
	scan064
	scan065
	scan066
	scan067
	scan068
	scan069
	scan070
	scan071
	scan072
	scan073
	scan074
	scan075
	scan076
	scan077
	scan078
	scan079
	scan080
	scan081
	scan082
	scan083
	scan084
	scan085
	scan086
	scan087
	scan088
	scan089
	scan090
	scan091
	scan092
	scan093
	scan094
	scan095
	scan096
	scan097
	scan098
	scan099
	scan100
	scan101
	scan102
	scan103
	scan104
	scan105
	scan106
	scan107
	scan108
	scan109
	scan110
	scan111
	scan112
	scan113
	scan114
	scan115
	scan116
	scan117
	scan118
	scan119
	scan120
	scan121
	scan122
	scan123
	scan124
	scan125

