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LONG~-TERM CHANGES OF LINEAR OPTICAL POLARIZATION OF Be STARS

J.Arsenijevié, S.Jankov, G.Djurasevi¢ and [.Vince

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: November 25, 1988)

SUMMARY: As a part of a more extensive research program at Belgrade Astronomical
Observatory, the first results of ten—year optical polarization measurements of o And,
88 Her, « Dra and vy Cas have been shown. The existence of slow changes of polarization
parameters has been established in all four stars, For two of them, 88 Her and « Dra, the
intrinsic polarization has been determined. A further analysis of these results is in

preparation,

INTRODUCTION

Almost all characteristic phenomena simultaneously
occuring in Be stars such as Balmer emission, quasi
stationary shell absorption, infrared emission excess and
high—velocity and high—ionization stellar wind can
result in the apparition of an intrinsic stellar polariza-
tion. Indeed, the intrinsic optical polarization has been
statistically established in 50% of all Be stars. Very often
the degree of this polarization is less than 2% and most
probably it originates in the extended stellar envelope.
Some of the polarization characteristics, e.g. its depen-
dence on the radiation wevelength, or the emission line
polarizaton, are very intensively studied world—wide.
But, they will not be reviewed in detail on this occasion
because our interest is concentrated on time—dependent
changes of stellar polarization, It is thought that they are
mainly low—amplitude, irregular and that they consist of
the superposed both short—period (less than a day) and
long—period (of the order of hundred days) changes.
However, due to the scarcity of such stellar data —
especially those for periods longer than three years —
conclusions are usually reached on “the basis of few
measurements.

Besides, no one scenario can successfully explain the
polarization changes and, even more, the complex
photometric, spectral and polarization characteristics.
For example, in any star the behaviour of polarization
parameters during the activity phases (B, Be, and Be +
shell), probably existing in all Be stars, is not known.
The same is valid for the connection of polarization
parameters with photometric quantities — at the first
place the brightness of a star There are two good review
papers concerning the optical polarization of Be stars
where the reader can get informed about these problems
in more detail, namely: Coyne (1976) and Coyne and
Mc Lean (1982).

Taking our fair possibilities for astronomical obser-
vations (small-apperture telescope, bad astroclimatic
condistions) into account, and, on the other hand, the
ability to observe in very long series with the same
telescope available at Belgrade Astronomical Observa-
tory, a program of studying long—term optical polariza-
tion changes of some selected Be stars has been set up in
1974. The aim was to obtained reliable long-term
(certainly longer than a year) data on polarization
changes in. V—spectral region and the examine the
possible connection of these changes with different
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activity phases of Be stars — principally with the
shell—phase. In addition, having in mind the long-las-
ting photometryc observations of these stars at Ondrejov
and Hvar, a search for correlations of polarization with
the corresponding photometric, or perhaps spectral,
characteristics was planned.

In this paper we present only some results of the
polarimatric measurements of o And, 88 Her, and y Cas
during the period 1974 -- 1984, and of « Dra during the
period 1979 1984, The further analysis of these
results will be publishe subsequently.

OBSERVATIONS

Polarimetric observations at Belgrade Astronomical
Observatory from 1974 till 1984 were carried out with

Table 1. Annual mean values of the polarization parameters

Star Year Pot'i 06(0) P (50) 04(0) n
oAnd 1974 0.43 96 —~ - 15
1975 0.56 104 - - 19
1976 0.34 130 - - 14
1977 0.15 117 - - 57
1978 0.17 120 - - 6
1979 0.18 76 - - 15
1980 0.35 74 - - 2
1981 0.27 85 - - 12
1982 0.30 8§ - - 43
1983 0.42 94 - - 82
88 Her 1974 0.18 112 0.20 97 2
1975 0.15 177 0.09 16 4
1976 0.14 149 0.06 105 7
1977 0.09 147 0.03 100 14
1978 0.13 116 0.17 97 17
1979 0.28 60 0.38 62 19
1980 0,25 68 0.35 68 16
1981 0.22 68 0.33 68 21
1982 0.24 46 0.33 56 36
1983 0.21 43 0.29 Sl 35
1984 0.12 34 0.18 50 57
K Dra 1979 0.28 17 0.30 S S
1980 0.18 37 0.14 16 18
1981 0.23 29 0.21 14 23
1982 0.50 30 0.45 24 3
1983 0.50 28 0.47 22 48
1984 0.65 27 0.62 22 12
v Cas 1974 1.09. 105 — 1S
1975 0.96 114 - - 1
1976 0.84, 111 - - 1
1977 - - - - -
1978 0.97 112 - - 9
1979 0.78 104 - - 4
1980 — - - - -
9181 0.68 107 - - 4
1982 0.68 105 - - 33
1983 0.61 105 — - 22
1984 0.68 106 - - 34

the 65—cm Zeiss refractor and the stellar polarimeter
(Kubicela et al, 1976) was modified in 1979 to enable
one to obtain digital magnetic records suitable for
further computer processing. The measurements were
done in the V--spectral region. Integration of the raw
polarimatric signal was done in 4—second intervals. The
angular velocity of the analyzer was one tum per
minute, In most cases under ,,one measurement” we
understand up to 8 one—minute polarimetric sine—wave
signals phase—averaged.

The measurements were always done when sky
polarization and brightness were low. Observing a
program of bright stars, that was easily achieved during
moonless nights. In the case of a fainter star, §8 Her, the
observations with a sky signal higher than an adopted
value have been rejected in the course of the numerical
reduction,

Several stars of zero—polarization and non—zero
polarimetric standards were in the usual way observed in
order to determine the telescope constants. The instru-
mental polarization was always very close to zero, what
was proved measuring the polarization of zero—polariza-
tion stars.

Mean' annual values of the polarization parameters
have been prepared for the further analysis. A typical
r.ms, error of polarization percentage derived in that
way, amounts to + 0.03%. The mean annual values of
the observed polarization percentage, Po, and polariza-
tion postion angle, ., together with the corresponding
intrinsic quantities, Py and 6, have been given in Table |
comprising the data of all four stars. In Table I n is the
number of measurements included in the tabulated mean
values,

POLARIMETRIC CARACTERISTICS OF INDI-
VIDUAL STARS

0 And (HD 217675)

This is a very famous star more or less intensively
observed for 90 years, Various forms of variability have
been noticed in this star, but not discussing all of them,
we’ll mention only the existence of photometric changes
that, according to Harmanec (1984), have ‘a period of
about 8.5 years. We take this period only as a rough
estimation. It would be more appropriate to state than
there are some long—term variations that can not be
established as periodic yet. What is improtant and has to
be mentioned in the o And polarimetry is an alternation
of shell-phases in cycles of variable length.

The results of polarimeiric observation of o And at
the Belgrade Astronomical Observatory in the period
1974 — 1983 indicate the presence of long—term
variations, It is clearly seen in Figure 1a and 1b, were the
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observed polarization parameters, p, and 6, are shown
versus time. We discuss here the observed polarization
parameters as the interstellar component and hence the
intrinsic polarization of this star can not be determined
with sufficient certainty. The most prominent feature is
the low polarization percentage (less than 0.2%) during
three years, 1977—1979. It seems that these three years
are just those with no observed shell obsorption and, at
the same time, this is the period of high brightness of the
star.
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Fig. 1. Annual mean values of the observed polarization
parameters of o And versus time: a) percentage of polarization
' Po; b) position angle 6.

High degree of polarization was found in the period
1974 — 1976 when a shell phase was present, Perhaps
something similar was going on in the period 1980 —
1983, but with a small polarization change and with a
less conspicious shell phenomenon. Some peculiarities of
the polarization of o And in the former time interval
have been considered elsewhere (Arsenijevi¢et ak, 1979,
and Arsenijevi¢, 1981). It can be guessed that the

observed long—term polarization changes are connected
with the observed shell absorption or emission. However,
these questions will be quantitatively considered later
on, using more data on the shell phases,

The changes of polarization position angle are large,
but not so obviously connected to the photometric
characteristics or to the shell obsorption. It is, however,
seen that, after some considerable variations during 1975
— 1982 interval, both polarization parameters have
almost the same values in 1974 and 1983. That might
indicate the completion of a variability cycle — the fact
that can be very important in the analysis of physical
and dynamical properties of the star’s envelope.
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Fig. 2. Annual mean values of ‘the intrinsic polarization
parameters of 88 Her versus time: a) percentage of polarization
Pg; b) position angle 6

88 Her (HD 162732)

The observations of optical polarization of this star
were carried out in the period 1974 — 1984, The mean
annual values of the observed polarization percentage
and postion angle, p, and 84, are shown in Table 1. Due
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to some favorable circumstances, it was possible to
estimate the interstellar polarization in the direction of
88 Her. The following preliminary values of interstellar
polarization parameters have been accepted: p; = 0,1%
and 6; = 1589, By eliminating the interstellar polariza-
tion out of the observed one, the intrinsic polarization
parameters, ps and 0, have been found. They are also
shown in Table I and in Figure 2a and 2b as functions of
time, It can be seen in Figure 2 that small but obvious
variations of the polarization are present. Their ampli-
tude is about 0.3%. It is. however, interesting to notice
that all values below 0.1% (period 1975 — 1977) were
measured when the star was bright and its spectrum was
a quasi—normal B. The data concerning the light—varia-
tions have been taken from a diagram in Doazan et al,
(1982) paper, and they are exploited for a rough
estimation of the phenomenon progress only, A strong
shell phase, with decreasing the star brightness in the
presence of a shell absorption, commenced abruptly in
1978 — when the degree of polarization increased too.

During the period of our polarimetric measurgments
of this star, some other kinds of observations in a wide
wavelength range, 155 nm — 550 nm. were carried out.
These cicumstances were anticipated when the selection
of stars in our observing program was planned. They will
enhance importance of the polarimetric data contribu-
ting to the explanation of the event that has taken place
in the star (Doazan et al., 1986).

k Dra (HD 109387)

The star was observed in the period 1979 — 1984,
The first resuits are shown in Table I where, similarly to
the other stars, po and 0, are the annual mean
polarization percentage and position angle. The values of
the intrinsic polarization parameters, pg and 0, given in
the corresponding columns, have been evaluated using
the assumed interstellar polarization component: p; =
0.12% and 6; = 62°, The procedure of observing the
interstellar polarization component is thoroughly des-
cribed in the paper Arsenijevic et al (1986). The
parameters of the intrinsic polarization are shown versus
time in Figure 3a and 3b, where one can clearly notice
continuous changes of the polarization percentage du-
ring the whole observed period. The minimum polariza-
tion percentage, of about 0.13%, has been found in
1980. Later on, the degree of polarization increases up
to the value of about 0.62% in 1984. The polarization
position angle changes from about 59 in 1979, to about
220 in 1983 and 1984, It seems that these changes are
discontinuous exhibiting a leap of about 10° in the
interval between the observations in 1979 and 1980 and
another one, again of about 100, during 1981 and 1982,
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Fig, 3. Annual mean values of the intrinsic polarization
parameters of J{ Dra versus time: a) percentage of polarization
Pg; b) position angle 6.

The highest changes of the both polarization parameters
happened between 1979 and 1980 observing seasons.

k Dra is a bright star and it is known as being
photometrically and spectrally observed with the results
not extensively published yet. It is expected that our
polarimetric results will incite the other authors to
publish their own findings. If the progress of long—term
changes in « Dra is similar to the variationinio And
and 88 Her, a conclusion can be drawn from our
polarimetric results that an active phase or formation of
a non—spherical envelope has taken place in 1980 and
has lasted up to 1984,



LONG-TERM CHANGES OF LINEAR OPTICAL POLARIZATION OF Be STARS

v Cas (HD 5394)

This extremely interesting star is being observed in
different ways for many years. An analysis of long—term
changes in y Cas has been given by Doazan et al, (1983).
That was the first star for which the intrinsic polarizati-
on has been discovered. It is present in our observational
program since 1974, and the results of its measurements
up to 1984 are going to be discussed here. The annual
mean values of the observed polarization parameters are
given in Table I. The general changes of the polarization
parameters during the whole observed interval can be
seen in Figure 4a and 4b., A decreasing trend of
polarization percentage from the value of about 1% in
1974 up to 0.6% in 1983 is clearly seen. The changes of
polarization position angle are very small. Actually, the
position angle in the period 1975 — 1978 is for about
110 larger than in the remaining observed interval — in
1974 and from 1979 tili 1984.
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Fig. 4. Annual mean values of the observed polarization
parameters of  Cas versus time: a) percentage of polarization
Py: b) position angle 6.

The Poeckert’s and Marlbrough’s (1978) polarizati-
on measurements of y Cas in the period 1973 — 1977
lead to the conclusion that decreasing of the degree of
polarization has started before 1973 as a long--lasting
(more than a decade) process, possibly correlated with

the equivalent width of Hyif, emission.

Poeckert and Marlborough (1978) have also noticed
in 1976 a deviation of polarization percentage from its
general decreasing trend. It is seen in Figure 4a.In 1977,
the same authors measured an opposite digression of the
observed polarization and one could probably take that
the polarization percentage found in 1978 - again
deviating from the general trend — (Figure 4a) was a
result of the disturbance occuring in 1977, It seems that
these 1976 — 1978 changes can be understood as a
disturbance of the long — term phenomenon. A similar
case was with the polarization position angle, except
that ,the disturbance started already in 1975. These
short—term position angle changes seem to be unconnec-
ted to the equivalent widths of hydrogen emission lines.

There are different estimations of interstellar polari-
zation component in the direction of y Cas, Some
authors declare it to be zero, while some others,
measuring polarization of the field stars, find p; = 0.66%
and 6; = 95° or, measuring the polarization in the
spectral lines and in the continuum, p; = 0.27% and 6; =
960. According to our estimation, the most realistic is
the value obtained by measuring the polarization of the
field stars. Untill the exact values of interstellar polariza-
tion parameters are obtained for y Cas. we use only the
observed ones. As the cbserved and interstellar polariza-
tion vectors are nearly colinear, the time-variation of
the polarization percentage are in both cases the sume,
while the position angle remains approximetaly con-
stant.

Accepting the highest value of the interstellar
polarization percentage, p; = 0.66%, one finds the
intrinsic polarization of y Cas in 1983 to be very close to
zero. Hence, according to the behaviour of the other
stars, one would assume thit 1983 was a vear of minimal
activity in v Cas, and that some new changes (Be or shell
phase) could be expected.

INSTEAD OF A CONCLUSION

The results of Belgrade Astronomical Observatory
research program on long—term polarization changes in
V—spectral region in for selected Be stars since 1974
have been briefly presented here. The basic assumption
of our 1973—program on the existence of long—term
variations of optical polarization in these stars was
fruitful. The first results already indicate some changes of
both polarization parameters and their anticorrelation
with the star brightness. However, they might be in
correlation with the shell phases of the ccrresponding
star and even with the intensity of its hydrogen emission
lines.

Similar measurments of other program stars are in
preparation, Besides, a further stvdy of the noticed
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polarization changes and a search for the best parameters
that would reveal and enable the correlation of polari-
metric and photometric or spectral parameters to be
obtained are in progress. A contribution of theorists to
this task is necessary. We expect that our young
colleagues will more intensively devote themselves to
this research field.
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SUMMARY: The modified semiempirical approach (Dimitrijevié¢ and Konjevié, 1980:
Dimitrijevi¢ and Kr3ljanin, 1986) was used for calculation of Stark widths and shifts for
Arll lines, Comparison has been made with semiclassical results of Jonesetal., (1971) as
well as with critically selected experimental data. Since the good average accuracy of the
present results has been achieved, tabulation of modified semiempirical Stark broadening
parameters for 50 Arll multiplets is also given,

1. INTRODUCTION

In many astrophysical problems (e.g. eveluation and
modeling of the stellar atmospheric physical properties,
abundance determinations) Stark broadening data for a
large number of transitions for many atoms are needed.
Stark broadening is the dominant pressure broadening
mechanism in atmospheres of O, B and A type stars, and
hot white dwarfs. Even in solar like atmospheres Stark
broadening may compete with other broadening mecha-
nisms in line wings or for higher spectral series members
(Vince et al., 1985a). Moreover, Stark shift is one of the
important causes of solar and stellar spectral line
asymmetries (Vince et al., 1985b; Vince, 1986), therefo-
re it can serve for more precise determination of other
causes of asymmetry, e.g. granular motion (Vince and
Dimitrijevié¢, 1989; Krsljanin, 1989b). Knowledge of
Stark shifts can make possible accurate determination of
the gravitational red shifts in spectra of white dwarfs
(e.g. Wiese and Kelleher, 1971; Grabowski et al, 1986;
Kr$ljanin, 1989a).

Quantum mechanical or semiclassical theories are
able to provide data of high accuracy but they require
considerable computations and knowledge of numerous
atomic data. For large scale calculations in astrophysics
and rough estimates for experimental needs, simple
approaches with good average accuracy (e.g. Griem,
1968; Griem, 1974; Hey and Bryan, 1977; Dimitrijevi¢
and Konjevi¢, 1980; 1981; 1986; 1987; Dimitrijevi¢ and
Krdljanin, 1986; Seaton, 1987) are more appropriate.

The modified semiempirical approach (Dimitrijevi¢
and Konjevié, 1980; 1981a; 1987; Dimitrijevi¢ and
Krijanin, 1986) is tested several times (Dimitrijevi¢ and
Konjevié, 198la,b,c; Dimitrijevi¢, 1982a,c; 1983;
1988b,c; Dimitrijevi¢ and Krljanin, 1986; Konjevi¢ et
al, 1984; Krdljanin and Dimitrijevi¢, 1989; Lanz et al,,

1988; El-Farra and Hughes, 1933: Ackerman et al,
1985) and on the average gives asatisfactorvagreement
with experiments. Recently, the mioditied semiempirical
approach was applied to the Stark broadening of spectral
lines from 127 astrophysicaiy important multiplets of
doubly and triply charged ions (Dimitrijevié, 1988aj},
and the results are veritied via comparison with some
other approximate apprcaches (Dimitrijevic. 1988¢).
This approach achieved reliable results aiso in the case of
lines of heavy ions such as Till and Mnll in the solar
spectrum (Dimitrijevi¢, 1982a) and Fell in the spectrum
of Am 15 Vulpeculae (Dimitrijevi¢, 1985b).

Kr§ljanin  and Dimitrijevi¢ (1989} showed that
modified semiempirical approach gives good average
accuracy even in the case of Stark shitts for such a
complex ion as Arll. The aim of this paper 1s to examine
reliability of modified semiempirical Stark widths and
shifts of Arll lines via comparison with representative
experimental and more sophysticated theoretical dats
and to provide extensive Stark broadening data set,
suitable for fast estimates in astrophysics and laboratory
plasma spectroscopy. :

Absorption iines of Arli are observed in spectra of B
and A type stars. The cosmic abundance of Ar is not
very well determined (e.g. Grevesse, 1984). Argon is one
of the important costituenis of "the Earth’s atmosphe-
re, and is frequently used in laboratory plasmas,

2. THEORY

According to the modified semiempirical approach
(Dimitrijevi¢ and Konjevié, 1580, 1987; Dimitrijevié¢ and
Kr§ljanin, 1986), the hatf--halfwidth w and the shiftd of
2n ion spectral line broadened by Stark effect are given
by the following expression

~J
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ag ) is the square of the coordinate operator matrix
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and the magnetic substates of total angular momentum
J’, and averaged over the magnetic substates of J,

3 "
2 (Rj)anso = (5, % (n;* +303+3¢ +11)
/ )

*2. g
* *
P2y ¢*(np-1.10,9

>
2 - ———
Rj-=(Z37) 5g71

The cases where the one— electron model (i.e. only
one energy level for each nf electron) assumed in
equation (2) is not satisfied, are analysed in detail by
Dimitrijevi¢ (1982b). e.g. for a multiplet as a whole,
R? . should be multlphed by RZuie (2 2+ 1)/(2L + 1)
The multiplet factor R}, can be fourd in tables of
Shore and Menzel (1965). The parameter €; = +1 ifj =i,
and —1 if j = f, k =% (the orbital quantum number of
the valence electron, 7 and f denote the initial and final
energy states. Xjj =3 kT/2|AEj;|, x; = 3k Trl; >/4 Z°Eyy,
Ey is the hydrogen ionization energy, Emn is the
appronriate spectral series limit (In case that the term in
question belongs to a series converging on an excited
state of the resulting ion, the excitation energy of this
state is added to the usual ionization energy). The
resuidual ionic charge is denoted as Z, . AE;; =E;—Ej,
f=max (¢}, ). N is electron density, n}= [EHZ /(Elon -
E)]‘/2 the effective principal quantum number, and &’
is the Bates—Damgaard (1949) factor, tabulated e.g. in
Oertel and Shomo’s (1968) paper,

All Gaunt factors g, g, g4, and g, are given in
Dimitrijevi¢ and Krljanin (1986). At high temperatures,
say 3kT/2 AE > 50, all Gaunt factors in equation (1)
may be calculated in accordance with the GBKO high
temperature limit (Griem ez al, 1962).

Equation (1) is obtained assuming the LS coupling
approximation, separating the transitions with An = 0
and An # 0 and supposing that the nearest perturbing
level in the An # 0 group may be obtained in the
hydrogenic approximation as:

|AEp o1 |~ 2 Ey/r?

In the cases when perturbing levels exist which
strongly violate the assumed approximations, i.e. if there
are levels with |AEjil < | AEp n+1l, a correction of
equation (1) may be done by summing equation (3) and
equation (1). Here, m’ is the number of such perturbmg
levelsand ¢, =+ 1 ifk=iand - 1ifk= =f.

we +ide = 4" 28 ("TkT 13
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3. RESULTS |

On the basis of critical reviews of experimental data
(Konjevi¢ and Wiese, 1976; Konjevi¢ et al,, 1984) and
from inspection of current literature, one can list 20
references with reliable experimental data on Arll Stark
widths and shifts, covering about 50 Arll multiplets. For
all these multiplets we calculated modified semiempirical
widths and shifts, Data on relevant atomic energy levels
were taken from Bashkin and Stoner (1975). Our results
are presented in Table 1. Several representative cases are
shown in figures 1--9, together with epxerimental data
and with semiclassical results of Jones et al., (1971).
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Fig. 1. Stark widths for ArIl 3d*D — 4p® p® multiplet. Calcula-
tions: MSE—modified semiempirical; SC—semiclassical, Jones et
al. (1971). Experimental points: A—Popenoe and Shumaker
(1965), A’—Popenoe and Shumaker (1965) corrected according
to Nick and Helbig (1986), B-Jalufka et al. (1966), C—Mura-
kawa (1966), D—Roberts (1966), E—Chapelle et al. (1967,
1968a), F—Blandin et al. (1968), G—Chapelle et al. (1968b),
H-Roberts (1968), I-Powel (1966), K—Konjevi¢ et al. (1970),
L—Labat et al, (1974), M—Morris and Morris (1970), N—Klein
(1973), O—Baker and Burges (1979), P—Vaessen et al. (1985),
Q-Nick and Helbig (1986), S—Vitel and Skowronek (1987),
X-Behringer and Thoma (1978), Y—Pittman and Konjevi¢
(1986), Numerals near the experimental points denote numbers
of line widths (shifts) with the same measured values,
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Fig. 2. Stark widths for Arll 3d*D—4p*D° multiplet. Notation
is the same as in Fig, 1.,

2w (A)

L
5000 10000 20000 30000 40000

T(K)

Fig. 3. Stark widths for Arll 4s*P—4p®P® multiplet. Notation is
the same as in Fig, 1.
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Fig. 4. Stark shifts for Arll 4s*P—4p*P® multiplet. Notation is
the same as in Fig. 1., )
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Fig. 5. Stark widths for Arll 4s*P—4p*D® mulitiplet. Notation is
the same as in Fig, 1,
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Fig. 6. Stark widths for Arll 4p>p°— 4d*P multiplet. Notation is
the same as in Fig. 1.
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Fig. 7. Stark shifts for Arll 4p>PO—4d’P multiplet. Notation is
the same as in Fig, 1,
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Fig. 8. Stark shifts for Arll 4p2D°—5s2P multiplet. Notation is
the same as in Fig. 1,

Fig. 9. Stark shifts for Arll 4p*S°—_44*P multiplet, Notation is
the same as in Fig, 1.,

Table 1. Modified semiempirical electron impact full halfwidths and shifts (in angstrom uhits) of ArlI lines at Ne = 10'7 ecm—2 as func-
tions of temperature. (Wavelengths are the averaged values for the multiplets.)
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Table 1, (continued)
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Table 1, (continued)
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Results of Kriljanin and Dimitrijevi¢ (1989) and of
the present work show that the average agreement of
modified semiempirical results with experiments for
both widths and shifts is approximately within SO¢%.
This is a fairly good result because of the large scattering
of the experimental data, and particularly in the light of
the fact that our computations cover a number of
forbidden multiplets and multiplets where j £ coupling
perturbing levels play an important role (for more details
see Kriljanin and Dimitrijevi¢, 1989).

One can conclude on the basis of Kr¥janin and
Dimitrijevié¢ (1989) and of the results presented here,

that modified semiempirical approach might be treated
as usefull method for simple and fast estimation of Stark
broadening parameters with good average accuracy, even

in the case of complex atoms,
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SUMMARY:: The relative posiiions and proper motions of components of the 113 triple
stars of the Leningrad State University Astronomical Observatory program at the epoch
1950.0 were determined with the least--squares method on the basis of the Ch. Worley’s
WDS catalogue data. The results are obtained for 92 close {AB) pairs and 82 wide (AC)
pairs. Some statistical invesiigation of results is carried out. For the pairs AC the
statistically meaningful tendency to prevalence of tangential motion components of
proper motion with respect to radial ones is revealed, The positive correlation between
the module of tangential motion and angular separation between components is also

observed for these pairs.

L.INTRODUCTION

Examination of physical connection among compo-
nents of multiple stars, revealing their dynamical states
and subsequent study of a dynamical evolution are the
principal purposes of investigation of the objects (Ano-
sova, JL.P., 1984, 1985, 1986a, 1986b), (Anosova, I.P,,
Otlov, V.V., 1985). Precise astrometrical and astrophy-
sical observations are needed in order to obtain some
reliable results. The obtaining of a complex of such
observations by means of ground instruments encounters
with a number of difficulties. Utilization of the space
instruments  (Sobeck, Ch.,/ 1987}, (Dommanget, J.,
1987), (Hall, T.N., 1982) will probably lead to a
considerable progress of such investigations.

At the same time, a great number of astrometrical
observations of relative positions of components of
double and multiple stars (see the catalogues (Aitken,
R.G.,1932), (Jeffers, HM., Bos van den, W.H., Greeby,
M. F., 1963), (Worley, C., 1985)) has been carried out
during the past 150 years. Complete utilization of all the
information contained in these catalogues may make up
a lack of more precise astrometrical observations, The
overwhelming majorjty of these observations has been
brought together by Professor Ch. Worley in the
catalogue that is available in a machine—readablie version
in the United States Naval Observaroty -in Washington
(briefly WDS), The Index—catalogue for WDS (Worley,
C., 1985) appeared in 1985, However, the data coliected
in WDS are strongly heterogeneous, because the obser-

vations had been carried out with different instruments.

and different precision. For correct taking into account

all the available astromeirical observations, the siatistical
treatment of these data is needed,
With a view to obtain more precise astrometrical

data for the tripie stars of the program of Lesmngrad
State University Asironomical Observatory (A0 of LSU)
the statistical treatment of the ADS catalogue data
(Aitken, RG., 1932) has been carried out in {Anosova,
JLP.. Nikifiriv, 1.1, Bronnikova, NM., Kalikhevich, . F,
Yatsenko, Al., Bvdokimov, A.E., Otlov, V.V., 1986),
(Anosova, JP, Orlov, V. V., Lukashova, M.V., 1980),
(Anosova, LP. Bronnikova, NM,, Kalikhevich, F.F,,
Yatsenko, A.lL, Odov, V.V, 1987},

The ADS Catalogue contains the astrometrical ob-
servations of the components’ relative positions which
had been carried out during the period 1820--1925, In
the new WDS Catalogue the data of such astrometrical
observations carried out from 1820 to 1985 are conta-
ined. The precision of observational information obtai-
ned during last decades apprecibly improves in the
average,

In the present paper, some statiscital investigations
of the data from the WDS Catalogue for the 113 triple
stats of our program (Anosova, LP. Popovi¢, G.P.,
1989) have been caried out, The data were kindly placed
at our disposal by Picf. Ch. Worley, The purpose of this -
paper is to make more precise the relative positions:
angular separations p and position angles 0, the relative
proper motions g, 6 between the components at some
given epoch and to estimate the uncertainties o, 0y, 0;,
gg, of these quantities. Some statistical investigations of
these results has also been carried cut.
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2. METHOD

For each pair AB, AC, BC, AB—C, A—BC under
study in the WDS Catalogue there is a number of
observations of relative positions of components (T, p,
6). The position angles given in the Catalogue at the
epoches T of observations have been reduced to the
choosen epoch T, = 19500 by introducing the correc-
tion for precesion and proper motion of the primary
component. The precise coordinates and proper motions
of this component were taken from the AGK3 or SAO
Catalogues. The weight that was equal to the indicated
in the WDS number of performed measures, was
assigned to each of the WDS observations (T, p, 6).

The functions p(T) and 6(T) were approximated by
the segments of their Taylor series keeping only the
linear and quadratic terms. The quadratic approximation
is as follows:

p(T)=p (To) + 5 (ToNT=To) + 5 5 (To)T-To)?

; .. 1
0 (1) =0(To) + 6ToXT-To) 44 6 (To) (T-To?

In the linear case we suppose p(To ) = b'(To) =0.

The values p(T5),0(To), 5(To),0(To).2 (T5),0(To)
were computed by the least—square method. The use of
any polynomial of a higher degree is unsuitable because
of sighificant uncertainties in the observational data. On
the one hand, by increasing the degree of the fitting
polynomial to the number of observations one might
obtain a formally exact approximation of observations.
However, the real motion could differ from the fitting
one (particulary in the case of extrapolation) Thus,
using the polyromials of higher degrees, we understima-
te the errors 0,, 0y and others. On the other hand, in
the case of a small arc, a straight line and a parabola may
give sufficiently reliable fitting the real motion. The
errors of approximation may be properly less than the
ones of observations. Therefore we confined ourselves to
the linear and quadratic fittings. The latter fitting leads
to the more precise results in the case of marked
curvilinear motions.

The blunders were eliminated from the treatment,
Any observation was considered as a blunder, if the
module of the error of the corresponding conditional
equation was more than two times than rms error
(confidence probability is P = 0,95 if the distribution of
observational data errors is Gaussian).

Differentiating (1) with respect to T, one determines
the relative proper motions of the components:

A(T) = p(To) + A(To) (T — To)

: . @
8(T) =0(To) +6(To) (T — To)
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For the efficiency of the suggested method 3
observations as a minimum are needed when using the
linear approximation and 4 ones — when using the
quadratic fitting.

3. THE RESULTS OF THE STATISTICAL TREAT-
MENT

The results of application of the method mentioned
above to the data from the WDS Catalogue are presented
in Table 1. .

In this first column there are the numbers of the
stars according to our program, the numbers of the ADS
Catalogue (Aitken, R.G., 1932) or of the IDS Catalogue
(Jeffers, HM. , Bos van den, W H., Greeby,M.F., 1963),
(if this star is absent in the ADS Catalogue)—symbol I is
before the number. The symbols a, b, ¢, d after the
numbers of systems on our program mean the confident
physical (a), probable physical (b), probable optical (c),
and confident optical (d) systems correspondingly. The
classification of these systems has been carried out in
(Anosova, J.P.,, .Popovi¢, GM., 1989) on the basis of
statistical criterion (Anosova, J.P., 1987).

In the next column the pair of components, to
which the following information belongs, is indicated.
The sympol * shows taht for this pair the quadratic
approximation of p and  was used. The symbol + means
that the quadratic approximation was applied for 6
only. The following four columns contain the values p £
0p,0 t0g,p*30,,0 + 0g at the epoch T = 1950.0. In
the last column there are the maximum difference AT
between the epoches of observations and the number n of
observations. For the star included in ADS, the observa-
tions which had been carried out after the appearance of
ADS, from WDS was used. For the triple stars ADS 3093
(o Er) and ADS 6175 (a Gem) in connection with a
large number of observations in WDS and with marked
curvilinear orbit of close pair, the observations during Te
[1920, 1970] and Te [1940, 1960] periods respectively
spondingly have only been used,

Table 1 contains only those systems for which there
are more than two observations, It allows to estimate the
uncertainties of relevant quantities. - .

In the Table 2 the values of p, 8, p and 8 for the
pairs with only two observations are listed, These values
have been obtained by linear interpolation or extrapola-
tion, The quantity AT in Table 2 has the same sense as
in Table 1. In these Tables there are no systems which
have only one observation: such as ADS1565, 3198 and
IDS 559, 1064, 1836, 2035, 3697, The systems with
known elements of orbit of a close pair form another
part of the systems which are absent in these two
Tables: ADS 1630, 5423, 6650, 7203, 8355, 9626,
9909, 11046, 11950, 14601, a Cen, The availability of
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able 1

NO pto, 0 tag pto; étog‘ AT
DS x10- x10-3 n
“h AB* 24.516 +0.003 329.00 + 0,06 69.3 £0.1 18023 2.1 142
¥18 27
a AB 5,177 £0.222 313.99 = 1,03 7.246.0 13128 58
893 7
AC 9.156 +0.264 57.48 0,65 93+7.0 3617 58

7

3 AB 40,817 + 0,080 313.36 20,43 -16.9 %2.6 18,7 +13.8 73
1193 6
42 AB 40.803 £0.152 318.88 £0.20 902 +2.5 ~9.0+3.3 85
1228 12
5b AB 34,698 £ 0.091 35.62 0,25 .22%+1.8 2.1+ 5.0 104
1459 : 9
82 AB 14.688 £ 0,167 237.88 +0.29 1534 _32+ 58 85
1727 5
92 AB* 0.350 £ 0.014 220.12+1.57 ~122+07 2642 + 64 105
2242 - 45
AB_C* 28.574 +£0.094 223,74 £0.17 11.8+3.7 56.6% 6.7 130

17

106 AB 26.217 *0.065 56.32 £0,24 —21*1.4 16.0% 5.0 142
2681 15
AC, 36.218 £0,125 300,12 £ 0,17 ~2524%24 -10,5+ 3.3 142

9

i1b AB 31.858 £ 0,100 84,13 %0.10 30.1 £2.0 298+ 20 124
717 -
12 AB 7.273 £0.501 127.40 £ 0,04 -11 %11 -45+ 0.8 141
2926 27
AC 58,207 +£0.137 241.20%0.18 0.0+2.7 9.9t 3.5 142

8

13a AB 0.944 0,30 59.88 £0.50 14.1 £2.1 1908 +32 128
2995 90
15b AB 15.637 £0,551 296,38 £0.55 ~34+%19 L -375%19 34
3040 4
BC 11.332 £0.371 301.66 +1.49 12+13 —15151 33

4

162 AR+ 83.106 *+ 0,008 104.61 £ 0.01 137204 -17.1% 04 50
3093 28
BC* 6.611 +0.007 325.09 +2.26 87.3+0.4 4901 + 107 50

80

18t AB 39.230 + 0,006 305.30 £ 0,02 3.1%0.1 107 0.4 151
3579 22
AC 54.421 £0.058 38,77 £ 0,04 ~5.6%1.7 1.8+ 0.9 93

15

17
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(Table 1 (continued)

No sta, 6tag ﬁiaé 0 tap AT
ADS x10— x10-3 n
19b AB 3.254 £0,018 97.31 £0.09 47 +0.7 -107% 3.7 146
3954 29
AC 61.924 £0.393 104.62 £ 0.14 28,1 5.0 -69% 1.7 140

6

20b AB 7,760 £0.012 73.90£0.07 -0.44 £0.22 6.0% 1.1 152
4119 24
21¢ AB* 52.435%0.030 92.75 £0.04 3.7+1.0 1.8+ 1.2 148
4188 16
AC 128,726 £0.431 97.63%0,14 -1,0x74 59+ 24 91

4

22a AB 10.812 £ 0.064 158.69 £ 0,72 43%1.0 57 £11 144
4189 3
BC 2,118 £0.071 173.56 £ 0,99 1.0+1.2 34+ 16 106

6

23b AB* 7.262 £0.353 89.32 0,56 —17 %14 —38%22 134
4329 4
AC 35,757 *0.177 149,04 £ 0,29 -30£20 214 32 134

3

24a AB 4,760 £ 0.034 220.56 £ 0.09 20.5 £0,9 -98. 7% 3.1 146
1915 30
25¢ AB 9.709 £ 0,130 252,71 £0.50 4.7 %2.2 1413 136
5177 10
AC 56,378 £ 0,285 337.69 £0.45 3.6%£79 22%13 86

4

29b AB 6.670 £ 0,138 55.99 £ 0,69 ~0.1 %17 324+ 84 101
5300 S
31a AB 20,706 £ 0,091 123,09+ 0,15 6919 30.2% 3.0 151
11251 14
32b AB 3.373+0.,122 207.67 £0,98 5.0%+23 8+18 125
5948 6
AC 127.676 £ 0.142 311.47 £0.31 49+33 166 7.2 74

; 3

33b AB 60,577 £0.310 97.75 £ 0,24 —3;8 5.0 77+ 38 92
6073 - 5
BC 20,649 £0.205 324.11 £0.45 8.0+3.2 509% 7.0 85

4

34a AB* 2,947 £0.002 1‘89.46 +0.07 —-77.24 £0.25 -1626 6 20
6175 189
AC 72.489 £0.008 163.78 £0,02 -21.0t14 ~11.5% 35 20

18

18
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Table 1 (continued)

NO FEXA 0 *og pta; 6 %o aT
ADS x10-5 X103
35a AB 5.388 0,038 339,02 £0.32 1.2+0.9 3.0t 52 138
6336 20
AC 11.462 + 0,058 176.78 £ 0.29 29409 6.6+ 4.7 138
17
36b AB 58.004 0,903 5.14 £0.09 11.9 +20.4 57+ 2.1 60
11442 6
38a BC 5.908 +0.104 208.10 +3.10 26524 _6773 62
6700 3
39 AB 1.888 £0,072 169.69 £ 1,17 13423 49 %375 47
6777 6
AC 18.751 +0.880 792+ 141 34 +24 31 %39 47
5
40 AB 5.771 £0.003 146,74 £0,03 -0.58 £0.06 852+ 6.2 143
6811 80
BC 0.167 £ 0.002 199.37 235 ~0.27 £0.07 1.8% 1.3 76
28
41b AB 1.464 0,005 318.66 + 0,07 —0.48 £0.20 _1210% 2.5 148
6811 100
A-BC 55.062 + 0.504 198.98 £ 0,15 . ~39%36 $7£11 32
3
42 AB 5.564 0,015 12.09 +0.20 ~62.5%0.8 367+ 14 130
7114 ‘ 37
BC 0.504 +0.040 208.70 + 3.03 _50+2.3 283+ 167 67
52
44a AB 230.499 0,857 210,96 £ 0,09, 35£19 68+2.0 140
7311 6
BC 9.429 £0.022 196.65 +0.43 _42%72 1515 77
9
45b AB 75.966 £0.111 161.28 £0.07 _86.1+2.3 26+ 15 48
11681 s
AC 83.860 +0.468 78.02 £0.43 145 +11.1 _345%116 17
6
46b AB 63.042 £0.425 128.39 £ 0.70 7.0£7.6 _143%12.4 38
11687 6
476 AB 10.438 £ 0,020 247.92 £0.10 _0.09 +0.44 234+2) 136
7425 19
AC 130.619 + 0,689 215.10 £ 0,28 _1+14 290+ 5.8 62
5
BC 121,824 £ 0,302 212.19+0.19 1.3£5.6 25.0% 36 135
:
48a AB 24.842 £ 0,044 148.76 +0.11 1.5+09 159+ 2.2 137
7438 13

19
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Table 1 (continued)

NO ptao, 0t ﬁiaé 6 tog AT
ADS x10~ x10-3 h
78b AB 36.195 + 0,028 323,74 £ 0,034 34,7+0.1 —41.1% 08 137
9922 22
AC 167.404 +1.18 137.60 *0,01 -5.6%35 ~5.0% 0.1 13
3
80b AB 2.552 £ 0,055 44,94 1,01, L1£15 -24 +28 70
10192 ’ 5
AC 43987 £ 0,025 204.64 0,01 0.20£0.72 —46% 0.1 56
3
81a AB 4,925 £0.003 316.80 £ 0,03 0.22 +£0.05 -03% 1.2 144
10216 18
AC 28.911%0.286 253,69 +1.27 52.0%6.2 174 28 85
5
82¢ AB 4,119 +0.050 57.10 £0.44 30.3+2.9 139 +18 62
10288 12
AC 113.113£0.210 262.36 £ 0,06 -13 *2.8 ~169% 08 148
9
83b AB 14.903 +0.021 234,72 0,17 145 +1 - 150 + 6 153
10332 35
AC* 146,018 £ 0,479 174.12 £ 0,01 _162+7.6 . ~10.7 % 0.1 75
4
84a AB 2,719 +0.026 225.79 *0.49 0.09 £0.44 —~10.1% 8.2 151
10410 10
85b AB 16.338 £0.093 7.48 £0.24 144 %17, 208+ 44 127
10715 10
86b AB 55.533£0.216 354,27 +0.18 6.3+53 _256t 4.4 42
12612 :
87a AB 10.576 £0.115 116.48 £0.72 7.6%2.3 1 +14 103
10781 6
89b AB* 2,739 £0.123 203.24 £1.30 —3.0%43 48 *46 70
11328 7
AC 92.229 12,6 126.41 7,43 i 168 %316 1177 £ 186 3
3
90b AB 18.850 +0.172 272.81 £0.57 59+34 ~389 %315 45
12854 . 3
AC 74.173 £ 0.530 163.16 £0.37 -16,2+10.6 ~194+% 74 45
3
91a AB* 22.182 +£0.005 103.74 £0,01, 34402 -39+ 0.6 165
11853 54
93a AB 9.527 £0.043 153,31 £ 0.04 —42108 ~161* 16 131
12029 20
94b AB 26.008 + 0,493 14093 £0.50 345+85 ~122* 85 122
13050 7
22
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Table 1 (continued)

NO piop 0toy pfag' (;iaé AT
ADS x10—- x10-° n
AC 36.831 £0,384 13.72 £ 0,75 16,1 £6.0 -25.5%11.7 105
5
95b AB 113.082 £0.515 15.08 +0.50 -37.9*11.5 -95%+711.2 42
13244 4
96b AB 5.542+£0,012 82,35 £0.05 0.75 £0.40 -23+ 74 64
13464 L1
AC 35.793 £ 0,008 61.29 = 6.02 —47.4%0.3 13.7%f 0.6 64
12
BC 30.652 £0.008 57.56 £0.03 -45.2 0.3 94 09 56
11
97b AB 7.362 £ 0,028 121.63 £0.06 —-1608 -374% 6.7 137
13524 22
99b AB 1.980 +0.021 260.13 £0.40 -1.8+0.6 —81+10 148
14102 13
AC 43,245 £0.139 52.39+£0.30 —61.41+443 ~-15% 94 58
5
100a AB 8.519 +£0.054 86,58 £0.17 2+10 —-6.1% 35 124
14184 16
AC 167.324 £0.152 329.15 £10.5 55%3.2 —372£220 23
4
102a BC 23.646 £0.041 225.63%£0.22 122424, —858+13 70
13464 15
103b AB 102.169 £0.245 13.84 £0.04 32.3+84 17.1% 1.3 21
14345 3
BC 2,273 £0.020 69.03 4,53 —-68206 ~246 133 10
3
104b AB 80.112 £0.431 237,96 £0.77 237192 -214%165 24
14601 3
BC 6.462 £0.228 96.70 £ 0.41 224151 8.7+ 9.1 89
7
106b AB 84.054 £0.308 52.00+0.29 -94+37, 43% 35 100
14786 5
BC 6.058 £0.428 338.87 £0,76 3.1%53 ~168% 9.5 103
S
109b AB-C 33.372£0.341 296.93 £0.55 1%11 2+18 53
15978 3
1102 AB 3.613 £0.020 201.95 £0.25 14£0.8 -43% 6.5 122
16252 11
AC 20.674 £0.032 219.16 £0.12 0.60 +0.80 —-6.0% 30 122
11
23
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Table 1 (continued)

NO pigp 0oy p'i'aé éioé ]
ADS x10— x10-3
111c AB 4,392 +0.08% 175.22 £ 0.59 -0.25%25 3118
16304
AC 26.114+0.128 225.34 £0.25 22139 _48% 7.6
113b AB 8.916 £ 0.028 312.74 £0.19 -3.1%05 -7.8% 33 1
17131
AC 42.104 £0.094 250.93 £0.20 ~114%3 1936 (
Table 2 Table 3
Ne  ADS P ] b 0 AT AT VAR YAC
3 1193 BC 1.636 293.99 1.8 2711 22 0- 10 0.0 0.016
5 1459 AC 114,790 25492 0.0 15.7 28 10— 20 0.038 0.097
13 2995 AC 230.148 21246 —88.7 79.6 18 20— S0 0.103 0.210
18 3579 BC 91.046 159.40 40.9 1070 19 50-100 0.218 0.419
20 4119 AB 117.228 185.78 —40.2 226 29 100- 150 0,487 0.194
24 1915 AC 196.740 320.60 239.5 42 96 >150 0.154 0.065
26 11042 AB  27.369 278.05 30.5 213 14
AC 42604 10647 -17. 283 14 N =78 N =62
28 11069 AB  63.093 14535 -226.0 —183.7 16
AC 152,837 167.33 -317.8 -367 16
29 5300 AC 191924 182,20 —-67.6 258 29
31 11251 AC 153423 30065 6352 —675.9 177 Table 4
38 6700 AB  20.315 246.75 11.8 402.5 49
50 11885 AC 175934 30576 -265.8 484 9 n VAB vAC
68 9327 AC 82,162 118.35 90.0 "315 11
81 10216 BC 26,243 268,96 -45.0 3100 10 0— S 0.179 0,548
85 10715 AC 165.670 161.31 40,0 -608.0 29 5—- 10 0,192 0,205
86 12612 AC 141,712 14790 59.2 -0.5 20 10- 30 0.397 0.151
87 10781 AC 106,613 197.80 30.1 -5.5 20 30— 50 0.077 0.0
95 13244 AC 78.087 338,03 -31.00 132 25 50~ 75 0.0 0.014
97 13524 AC 167.871 337.26 —40.5 -42 17 75-100 0,026 0.0
98 13661 AB 4.646 72.36 ~1.8 -69.0 11 >100 0.128 0.082
101 14186 AB  4.861 179.31 94 1760 10
108 15868 AB 5.102 7.16 38 340 42
112 16955 AB 8.822 29478 -139.0 —-431.0 50
AC 32530 4243 -8.8 -31 so  Tabks
. . v v =100pc r=50pc
the orbit presupposes a large number of observations and £ it AL
a significant curvature of tiie observed arc. It makes our 0- 10 0.602 0.044 1.1 10—: 2.3 10—‘3‘
method ineffective, The ADS 10058 was removed from 5(())_ %g 8&;3 ggz; 4-6*1100_ Ll 10“3
Sy X = ! J . 2.5 10—
the treatment, because it is a confident optical system 30- 50 0.088 0142 0.29 63 103
(class d). o 50— 75 0,053  0.168 0.62 1,6 10-2
Tables 3—5 contain the results of the statistical 75-100 0.035 0.115 1.11 2.8 10-2
analysis of the obtained data {p, 8, 5,9 } 9s0. The first 100-150 0.009 0.150 2.50 6.2 10-2
two Tables show the distribution of close and wide pairs 150-200  0.009  0.150 4.44 0.11
. ’ 200-250 0.0 0.053 6.94 0.17
(AB and AC) on the maximum difference between the 250-300 0.0 00 10,00 0.5
observation epoches AT and the number n of observa- 300-500 0.0 0.009 27,78 0.69
tions, Tables 3 and 4 evidence the great deficiency of >500 0.0 0.026 = _
astrometrical observations of very distant components C N TS

in the triple stars under study.
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Table 6
NO pto, 6 oy bta; 6tag n AT
ADS x10—3 x 103
12 AB 7.175 £0.127 12682 £ 045 ~-24% 23 -74% 82 6 94
2926 7.273%20.501 127.40£0.04 11 &£11 -45% 0.8 27 14
7.367 £0.036 127.26 £0.09 1.0 0.7 -38%* 1.5 55 141
AC 58.313%0.114 24142 10.20 1.7 1.9 126% 32 4 93
58,207 £0.137 241,20%0.18 0.0%x 27 99+ 35 8 142
58.198 £0.128 241,33 +£0.12 =02% 24 11.9% 19 19 142
33 AB 60,577 £0.310 97.75 £0.24 -38% 50 77+t 38 ) 92
6073 60.577 £0.310 97.75 £0.24 ~-38% 5.0 7.7t 3.8 5 92
60.598 0,247 97.65 £0.15 ~30% 37 601 22 8 92
BC 20,650 £ 0,205 324,11 £0.45 8.0 + 3.2 509 70 4 85
20.650 £0.20S 324,11 £0.45 8.0 32 509 7.0 4 85
20.654 £ 0,171 324,14 £0.58 82% 25 53.0+ 86 7 85
48 AB 24747 £0.084 148,79 £0.28 -0.0% 1.3 165 43 9 93
7438 24,842 +£0.044 148.76 £0.11 1.5 09 159% 2.2 13 137
24 845 £0.038 148.81 £0.11 1.4% 0.7 174+ 2.0 20 137
AC 117.311 £0.447 32356 £0.06 -10.2% 6.6 -10.3%£ 1.0 4 100
117.235%*0.135 323,48 £0.04 -10.3+ 2.8 314 x 07 10 143
117.235 £0.123 323,54 £0.07 ~105% 25 1.7 %E 1.3 12 144
76 AB 56,189 0,054 58,65 1,62 0.1+ 09 -1.0%t 28 4 88
9865 56.176 £0.043 59.19 £ 1,35 -1.0x 8.0 7.0 £24,0 S 108
56.198 £0.129 60.61 £0.25 0.7+ 2.1 8.2% 40 11 108
AC 59927 £0.275 63,27 £1.87 04% 49 65.1 £330 3 43
59.791 £ 0.187 61.33£191 -19% 34 32.3+35.0 4 74
59938 £0.286 59.10 £ 0.38 0.6 4.6 16.9t 6.2 ’ 7 7
BC 4291 +0.285 207.25 £ 0.49 28%* 438 ~195% 8.2 4 90
4115%0.119 206.77 £0.27 03+ 23 -267% 5.1 0 133
4,177 £0.126 206,66 £ 0.48 241 2.1 -245% 2.1 5 104
106 AB 84.195 ¥ 0.476 51.84 £0.44 -8.0% 5.3 28% 49 4 80
14786 84,054 £0.308 52,00 £0.29 -94% 37 43+ 35 8§ 100
83,843 0.206 52.05£0.15 -10.0% 2.4 41+ 1.6 10 100
BC 6.742 £0,992 337.18 +1.14 9.7+104 «=331.E£119 3 70
6.058 20,428 338.87+0.76 3.1+ 53 -168% 9.5 S 103
6.182 £0.206 338.65 £ 1,10 6.6 37 -180% 3.7 12 103
110 AB 3,777 +0.114 203.12£1.04 3.8% 2.1 1441 188 4 6%
16252 3,613 £0.020 201.95 £0.25 14t 8 —4.3% 6.5 11 122
3.616 £0.019 202.03+0.26 1.5% 04 ~-280% 6.5 16 122
AC 20.641 £0.114 219.60 £0.46 -0.0*x 20 1.5 8.1 L 69
20.674 £0.032 219.16 £0.12 0.6% 08 ~-6.0% 3.0 i1 122
20.683 £0.033 219.13+0.19 0.6% 0.7 ~127 % 39 13 122

The distributions of the pairs AB and AC on the

angular separation between the components are display-
ed in the first two columns of Table 5, The mathemati-
cal ex pectations of the number of occasional triple stars,
whose components are not situated at the distances
larger than 100 pc and 50 pc respectively, in dependence
on angular separation between the most distant (in the

plane of sky) components are contained in the next two
columns. One can see that among the systems under
consideration with large relative separations between the
components, the optica! systems may be present, too.
Let us compare the results of statistical investigation
of the ADS data, the compiled ADS and WDS data (see
above), and the WDS data.Such comparison has been
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carried out for 6 triple systems, The results are ssamma
rized in Table 6. Three lines containing the results of the
treatment of the ADS, ADS + WDS, and WDS data
correspond to each pair. In Table 7 there are the average
uncertainties (and their rms errors) of the values p, 6, p,
6 for close pairs (three upper lines) and for wide pairs
(three lower lines).One can see from Tables 6 and 7 the
following: 1) The results are in agreement within the
limits of the rms errors (there are a few exceptions: the
values 6 for the pairs AB and AC in ADS 9865 and
16252, the cause of this is a small number of observa-
tions in ADS); 2) the treatment of the WDS data ensures
a better precision on the average,

Table 7
op / og op og
x10-3  x10-3

ADS 0.302+0.141 0.64+0.15 4.0+1,3 9.7%2.1
ADS+WDS  0.220+0.088 0.31+0.11 3.9+1.6 S.2+1.3
wDS 0.099+0.032 0442016 1.7£54 41+1.2
ADS 0.253+0075 050+0.23 3.6+0.9 40%1.0
ADS+WDS  0.161%0.050 0.37+0.20 3.8%+1.0 6.4 *3.5
WDS 0.144£0.030 0.15+0,03 2.3+0.4 25+0.5

In Table 8 there are the averages X (with their rms
deviations oy and variations &) of the errors of angular
separation p, position angle § and relative proper
motions (radial ¢ and tangential pf) in the close pairs
AB and in the wide pairs AC (between the primary
component of a close pair and the distant star). In Table
there are both the absolute errors and the relative ones
and also the average number h of observations. From

Table 9. Internal kinematics of close pairs AB

Table 8, The average uncertainties

close pairs AB(N = 73)  wide paris AC(N =45)

error X ox 8 X ox 5x
ol 0.103 0017 0.2 0315 0.046 0.2
09 1.40 0.62 0.5 055 0.23 0.4
7954 0.0030 0.0005 0.2 0.0080 0.0014 0.2
056" /Y. 0.0027 0.0008 0,3 0.024 0014 0.6
op/p 0.0167 0.0027 0.2 0,0048 0.0010 0.2
as/ 6l 1.76 0.41 0.2 1.55 0.67 0.4
op6 /1001 L.14 0.30 0.3 0.9 0.30 0.4
n 215 33 0.2 85 1.9 0.2

Table 8 one can see the following: 1) The average error
of determination of angular separation is about 0°2 and
of position angle is about 10; in the close pairs the
angular separation is determined in factor 3 as good as in
the wide pairs (it is due to a smaller number of
observations for the pairs AC), on the contrary the
position angle is by factor 3 worse (due to a small value
of pag). 2) The relative proper motions p and pf in
close pairs are determined with the same precision on
the average, Their average errors are about 07003 /year
that corresponds to the standard modern astrometrical
observations with a difference of epoches of about 20
years. For the wide pairs the radial proper motion is
determined in factor 3 more certain (g, =~ 02008 /year)
than the tangential one (0,5 ~ 0.024/year), The
average erors g, and o, are significantly larger than the
ones for the close pairs. It is due to a smaller number n
of available observations of wide pairs as compared with
close ones 3),The errors of the relative proper motions on
average are comparable or even slightly larger (in the

Sampie All pairs Physical pairs

Parameter All >q >20 hier, All >a >20 hier.
st y 0.005 0.007 0.014 0.002 0.003 0,003 0.006 0.003
+ 3 + 5 + 8 + + 4 £ 7 + 10 12
f,s-ltal | 0.011 0.017 0.025 0.012 0.012 0.018 0.023 0.023
' + 3 + 4 + 7 + 4 + 4 + 6 + 8 + 9
Eﬂtq ol 0,018 0.027 0.043 0.034 0.028 0.048 0.064 0.27
2 + 3 + 14 + 23 + 22 + 18 + 31 + 42 + 13
Afay 3.46 3.04 1.49 4.44 4.74 4.36 1.67 0.18
+0.96 +1.31 £0.43 +2,10 +1,98 +2.80 +0.58 +0.06
By 0.65 " 0,65 0.64 0.65 0.70 0.67 0.63 0.17
+0.31 +0.27 +0.27 +0.30 +0.30 +0,29 +0.29 +0.16

N 73 41 24 26 32 18 13 11
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case of p) than the motions themselves. Therefore on the
basis of the WDS data for a complete sample of triple
stars under study one cannot make any reliable statisti-
cal conclusion about their inner kinematics.

In connection with this conclusion obtained for the
complete sample of the triple stars under consideration
(see Table 8). the study has also been performed for a
few subsamples of close AB and wide AC pairs inside the
triple stars: a) all pairs; b) the binardes, in which the

modulis of relative proper motions are greater than their
mms errors: || > o, and [pf] > 0,4; ¢) the pairs, in
which [0] > 20, and |p0] > 20,,4.

The triple systems with moderate (2 <<pac/paB <
10) and strong hierarchy (pac/pap > 10) are studied
separately. Such a separation has been performed both
within the complete sample and within a subsample of
confident physical triple systems, revealed by applying
the criterion, (Anosova, J P. 1987),

Table 10, Internal kinematics of wide pairs AC

Physical pairs

N Al pairs
ample
Parsmeter All >0 >20 hier, All >0 >20 hier,
pta —0.009 -0.013 -0.016 -0.009 -0.001 -0.002 0.006 -0.009
+ 5 * 7 * 10 + 7 + 8 + 9 * 10 + 10
ialt o5 0.025 0.030 0.035 0.028 0.023 0.023 0.024 0.027
i + 4 x 5 + 7 + 5 + 5 + 6 g £ 7
ool £ Tpdi 0.068 0.089 0.073 0.087 0.099 0.119 0.046 0.134
' + 25 * 35 19 + 42 t 63 * 76 + 18 * 97
Nt} 1.67 1.02 0.9 1.57 1.46 0.62 0.62 2.01
+0.42 +0.24 +0.29 +0.45 +0.61 +0.14 +0.14 +0.91
piag 0.50 0.51 0.50 0.53 0.50 0.45 0.46 0.56
. +0.3:2 +0.26 +0.25 +0,34 +£0.29 024 +0.21 +0.34
\ 45 32 21 26 17 14 12 11
Table 11, Medians and quartils as the kinematic parameters
Sample o close pairs AB wide pairs AC
Parameter Al Strong mod, All strong mod,
hier, hier, hier, hier,
174 -0.002 -0.004 —-0.002 -0.027 -0.03$ -0.022
£ 152 0.001 -0.000 0.001 —0.002 -0.001 -0.004
34 0.005 0.002 0.007 0.007 0.019 0.003
1/4 0.001 0.001 0.001 0.004 0.007 0.003
I} 1/2 0.003 0.004 0.003 0.021 0.026 0.010
3/4 0.008 0.006 0.009 0.033 0.035 0.026
. 1/4 0.001 0.001 0.001 0.009 0.009 0.007
o8] 1/2 0,003 0.003 0.004 0.023 0.030 0.013
3/4 0.010 0.010 0.010 0.036 0.045 0.025
1/4 0.44 0.59 0.41 0.22 0.17 0.25
A 1/2 1.10 0.98 1.27 0.54 0.62 0.47
3/4 2,25 191 2.44 1.17 1.47 0.65
1/4 041 051 0.38 0.22 0.16 0.24
u 1/2 0.74 0.70 0.79 0.48 0.52 0.42
3/4 0.91 0.89 0.93 0.76 0.83 0.54
73 26 47 45 26 19
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SUMMARY: On the basis of level examinations, done in a laboratory and during star
observations, a nonnegligible temperature influence on the measuring results is found. For
practical purposes, such as reductions of observational materials, expressions (13) and
(14) which should be taken into account in coordinate derivations of observed celestial
bodies and, in our case, in the derivation of the geographic latitude are proposed.

LINTRODUCTION

Numerous accurate measurements in various parts of
wience and technology require knowledge of inclina-
tions of measuring instruments and of their variations
in the course of measurements with an accuracy as high
as possible. At present such measurements are mostly
made with very sensible tube levels (angular value
comesponding to the distance between two neighbour
division lines about 1""). During the sixties new apparatus
fulfilling the functions of levels, whose work is based on
the pendulum principle, were included in precise inclina-
tion measurements (electronic levels).

The pendulum apparatus, though they have found a
wide application in the technical levelling domain, on
account of their lower accuracy they have not eliminat-
ed the classical tube levels because the latter ones are
irreplaceable in defining a direction, cr a plane in space.
For astrogeodetical purposes it is necessary to know the
astronomical coordinates and the direction azimuth with
an accuracy of the other of O7l. In astrometry the
requirements are much more rigorous. In absolute
determinations of star coordinates it is necessary to
achieve the highest possible accuracy, hence the defining
of the plumb—line or knowledge of the inclination of
the rotational axis of the instrument are of a paramount
importance. In order to satisfy such requirements one
should know the properties of the levels used at the
measuring instruments very well. The accuracy of
performed measurements is directly related to the
accuracy of level measurements. The notion ,accuracy
of level measurements” comprises a number of factors
defining this accuracy. The determination and examina-
tion of these factors are subjects to special investiga-
tions, most frequently appearing under the name-level
examination,

The final aim of a level examination is to determine
dl systematic errors which arise or can arise in level

measurements. in order to exclude their influence from
the results of measurements, Some properdes of tube
levels such as the duration of damping of the huhble’
oscillations appear as limiting factors to the possibility
of measuring the inclination with this precise measuring
organ of the instrument for objects which are at rest or
can be at rest during a necessary time interval, The
length of the bibble directly affects the basic constant
of the level and this is the angular value corresponding to
the distance betwecn two neighbour division lines, The
latter one is also directly affected by temperature
variations. The present paper is aimed at analysing the
influence of temperature gradients on tube levels and at
attemping to establish the laws of their acting. First
more serious analyses of such kind were done in the
fifties.

2. LEVEL CHARACTERISTICS AND EXISTING
THEORIES ON THE BUBBLE’S MOTION

The basic parameter of a tube is the angular value
corresponding to the distance between two neighbour
division lines (7). This quantity is most frequently
expressed in seconds of arc and it is given by

:_R_ »
T Rp

where p is the distance between two neighbour division
lines; R is the radius of the curvature of the level tube
and p” is equal to 206 265.

The value of p is for the levels of recent production
dates equal to 2 mm, but in the practical work one can
meet also levels of older production dates for which this
quantity is equal to 2.256 mm, i.e. it is equal to the
length of a Parisian line. At recent times in catalogues of
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level producers one can often find the number of
seconds (for example 1 /2 mm).

The second important parameter of a level is its
sensibleness (). It is defined as the ratio of the linear
displacement of the bubble to the corresponding change
in the inclination of the level’s axis where dl is the
displacement of the bubble, ‘di the corresponding change
in the inclination and c is a coefficient of proportionali-
ty depending on the units of measuring.

Since itisdl =r . di, it followsn=c¢ . R, i.e.

In other words the sensibleness of the level is
directly proportional to the radius of the level tube
cunvature and inversely proportional to 7.

In the specialist literautre the sensibleness of the
level has been also defined as the sensibleness of the
bubble that it could reach for the same value of r, the
highest position sooner or later (damping duration of its
oscillanons). The sensibleness depends on the bubble's
length. quality of grinding, kind of filling the level etc.

The existing specialist literature treats in details the
dependence of the adptation of the skating surface,
quality of the liquid. influence of the torm and size of
the bubble, the action of the forces appearing within the
level and beyond it and attectng the bubble’s motion
etc. As a final step in the literature are given conclusions
concerning the most favourable choice of all these
tactors aimed at achieving an optimal usability of a level
(Drodofsky, 1950; Alpar, 1967, Sardy, 1967, Tovchi-
grechko. 1903).

The solutions of the ditferential equations of the
bubble motion represented as oscillations have given
enough elements to level producers to produce qualita-
tive levels and they have answered the questions such as
the most favourable accuracy as function of the radius
of the skating surface. the size (tube volume) with
respect to the size of the bubble provided that the
damping duration is as short as possible. The dimensions
of the tube walls are calculated provided that the
deformations of the skating surface due to the change of
the liquid pressure caused by the temperature are
minimal. All of this has a paramount importance for
level producers. However, to an astronomer being merely
a user of levels in such a way that he (she) defines the
direction of the plumb-line, or another direction on the
instrument of importancee to him (her) with them, this
is of no importance since he (she) has no way to change
any property of a level except the length of the bubble.
The length of the bubble is, as both theory and praxis
show. a quantity which affects the basic parameter of a
level and also the damping duration. By examining a
level it is not difficult to find the dimensions of the
bubble being optimal in the case of that level.
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The influence of the temperature is a second
external parameter upon which an astronomer--practi-
cian can make no influence, but which affects the
parameters of a level significantly (Wanach, 1926;
Barnes, 1966). Within the pavilion and in the surround-
ings of a level physical processes disturbing the uniform
distribution mentioned above occur incessantly. Levels
are always subjects to fine thermal: radiations coming
from the observer and frequently to more rough ones
arising from currents of the warm, or cold, air. These
thermal sources always produce temperature differences
within the level liquid and the latter factor causes
pressure variations within the tube and oscillations of
the bubble, The thermal processes are reflected in the
bubble’s position and the dilatation variations in the
envelope and piers of the level. All of this affects
directly astronomical measurements and requires careful
examinations and analyses.

3. EXAMINATION OF THE THERMIC SOURCE ON
GEOGRAPHIC LATITUDE DETERMINATION

From what has been said above it is evident that for
a level a very important condition exists: appearance of
a significant temperature difference at individual parts of
the tube should be avoided. According Drodotsky in the
case of an one--second levei whose tube length is 150
mm a temperature difference at the tube terminals
greater than 0.0090C causes a measurable effect in the
position of the bubble. Sardy has measured average
temperature ditferences of 0.250C on external parts of
levels in the field conditions. These examinations done
by him have demonstrated that a temperature difference
between the terminals of 1°C causes a change of 2” in the
geographic latitude determined by use of Talcot’s method.
The datum given by Drodofsky is valid for the hydrosta-
tic influences only, whercas the effect demonstrated by
Sardy is a sum of influences of hydrostatic and
mechanical characters, The system of holders even in the
case of a uniform temperature distribution can cause a
change in the tube curvature. If the temperature is not
uniformly distributed this influence becomes much more
complex and prominent. The hydrostatic effects can be
large, whereas the mechanical ones are practically
different for different levels, Therefore, a careful study
of the level behaviour in the temperature field is needed.
Usually this behaviour is not taken into account since it
is assumed that level tubes are well isolated from
external influences. Unfortunately, this statement is not
true.

In the case of field measurements, partly because of
the influence of a wind which preserves its sense, partly
because of the influence of an object which radiates the
temperature, at the level terminals a measurable tempe-
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difference arises. This difference is reflected
gh the temperature errors of the level which
ce a systematic influence on the geografic latitude
derived from the measurements. In the case of
accurate measurements this influence is not negli-
and hence one should examine it in order to
stablish its amount.

- The geographic latitude is determined by use of
cot’s method by applying the formula

!

1 1
"'=1§(5N t8)+ 5 (my —my) - R+ 5 (cw—cg)

.'P“%(PS—PN) 1)

in which the following designations are used S — south,
N - north, W — west, E — east, ¢ — position of the
middle of the bubble, p” — level constant, declination of
astar by, 6g, mg, my — reading of the eye—piece
micrometer, R — value of its revolution.

~ Between the transits of the first and second stars in
astar pair there is a time interval of 4—20 minutes.

- From the readings of positions of the level’s bubble
‘one obtains the true values only then, if there are no
systematic errors. Of systematic errors we shall study the
temperature ones which affect the regular work of the
level. The other ones will be neglected; they will not be
{taken into account. ‘

1 The temperature dependent level errors are divided
into two groups: thermomechanical and thermohydro-
static ones, Thermomechanical errors are those errors
caused by changes in the dimensiosn of bodies due to
the temperature influences. Thermohydrostatic errors
are difined as influences on the equilibrium position of
the bubble due to the temperature changes within the
level liquid.

In order to estimate the order of magnitude of the
total influence of errors I made a number measurements
of the geographic latitude with a universal instrument
WILD T—4 which was situated in the field of an articifial
heat source,

Before analysing the obtained results we establish
the influence of the temperature differnce at the
ferminals of Talcot’s levels on the derived value of the
pographic latitude. One should mention that in all series
of measurements the alhidade axis of the universal
mstrument was set to a vertical position and that
%tween the observations of two stars within a star pair
here were no influences of measurements except the
hange in the inclination of the instrument due to the
hermal influence. '

A few series of the geographic latitude derermina-.
jon were done by myself without using an artificial
ource of heat in order to establish the quality of the

instrument and its constants. The constants had been
communicated by the collaborators of the Military
Geographic Institute (the instrument is its property) and
the constants should have been verified jonce more in
order to remove any hidden error of them. After
measuring four series consisting of 10 stars pairs each, [
obtained for the geographic latitude of Belgrade (taking
into account the motion of the Pole) the following value

¥ =44048°137125 + 07013

On the basis of a comparison with the mean
geographic latitude of the Belgrade Observatory derived
from a vast number (= 10 000) of measurements
(Djurkovi¢ et al., 1947).

¢ = 440481377170 = 0”01

one can conclude that the instrument and its constants
are of a good quality so that one can attribute the
systematic deviations found in the analysis of the
measurements performed in he field of a heat source to
the temperature influence alone.

The temperatures at the northern and southern level
terminals are denoted as t;, atn t,, respectively and the
middle of the bubble as ¢’. Let us see what will happen if
ty > ty. The difference t,—t; corresponding to the clump
west will be denoted as ty, . As a first approximation one
can assume that the thermomechanical influence of the
temperature is refleced through the level holders which
will be more intensively enlarged in the north than in the
south and the level axis will be rotated clockwise. The
bubble will be shifted, as a consequence, to the north
from the pointc’.

It is known that due to the thermohydrostatic
influence of the temperature the bubble is shifted
towards the warmer end (in our case to the north).

These two influences have the same sense and on
account of this the bubble is shifted from the position
c’w to the position cy .

We assume, as a first approximation, that the shift
of the bubble Ac is proportional to the temperature
difference

A =¥ -At 2)
and we obtain

cw =Cw T3 - At 3

After observing the first star in a pair, the alhidade is
rotated to the eastern position, If the condition t, =t is
satisfied, and if the assumption given above that the
alhidade axis is in the vertical direction is also satisfied
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so that no change of the telescope’s position caused by
other factors exists, the bubble should show

c’o =Cw 4)

However, if a temperature difference between the
level terminals is present, then one has

Aty =ty — L (5)

and since between two transits of a star the time intervia
is between 4 and 20 minutes, a possibility arises that the
bubble terminals take this temperature difference after
the rotation. Because of this the bubble is shifted
northwards from the position c’¢ to c,

Ce =C — 3 - At 6)
We start with the expression
1 2 »
A¥= 3 (Cw —Ce) - P )

and we substitute the values c. and ¢y, to obtain
AY = lz(c’w +H Aty —Ce t K - Ate) -p”’

and taking into account the equality ¢’ = ¢’y we obtain

Aty + At
5 ®

Since in the course of measurements two levels are used,
the last expression may be rewritten as

Aty, + At pe + Pw -
v»q . eq W )

e <

AP=3-p

AP = -

where pe is the constant of the level with smaller scale
numeration and py, is the constant of that with larger
scale numeration. The temperature coefficient denoted

as B = ge_;_pi after substituting into (9) yields

AV = -;— (Aty +At,) E (10)
As seen from (10) the temperature errors of the
level act as systematjc errors and their influence preser-
‘ves its sign as long as the sing of the temperatuse
difference is unchanged
t=ty —tg (1
With regard to all what has been said above it is seen
that one has to take into account the temperature
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influence in the calculation of the geographic latitude in
the following way
0=(9) - 3(Aty +Ate)- E 12

The temperature coefficient is derived from (12)
and the values of ¥ and E are calculated from direct
measurements by applying the smoothing method (Sar-
dy, 1967).

These Syrdy’s ideas appear as an immediate source
of a sericus difficulty when they arc directly applied in
such a way that one should measure the temperature
difference at the level terminals. In addition, a different
temperature affects evidently the position of the vision
line by amounts one cannot registrate separately /[The
complexity of measuring minor temperature differences
and of the choice of points at which the temperature
difference was measured, the impossibility of separation
between the hydrostatic and thermomechanical effects
arising within a level under the temperature influence on
the one side and the fact proved by measurements that a
certain proportionality between the duration of heating
and the motion of the bubble exists, on the other side,
give a possibility to propose such a relation

Ap=E -AT (13)

where T is the time interval during which the level is
exposed to a thermal source; E is the proportionality
coefficient; Ay is the systematic deviation in the
geographic latitude due to the thermal source influence.

When the latitude is measured by use of Talcot’s
method, the time intervals T are known as the right
ascension defferences between two pairs and Ay one can
obtain from the difference between the latitude obtain-
ed from the measurements performend under the ,nor-
mal” conditions and the latitude measured in the
presence of the thermal soruce.

In the reductions of the measurements carried out
by using Talcot’s method in the field of a thermal source
the inclination influence is computed in three ways: a)
the classical one; b) only the second level reading for the
first star and the first level reading for the second star
are used; c) only the first reading for the first star and
the second reading for the second star are used.

The three ways are justified because: in the case b)
the influence of the thermal source must be logically
minimal and vice versa in the case ¢). The last assump-
tion is quite evident from the comparisons of individual
latitude values determined in the three ways (Table 1).

There were 10 such series from both sides (southem
and northermn) with both warm and cold air from the
thermal source (an electric heater of 2000 W power
situated at a distance of 2 m from the instrument),
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Table 1.
I b Y
101964 9459 120468
110120 10900 111187
9:'759 9346 101172
10419 9* 873 10!'966
114474 10368 12580
7850 7790 7910
9639 91446 9872
11Y200 101401 111998
10680 9877 11384
10884 10843 100923
111962 10!'897 111026
101004 9998 10.'012
121161 12152 120169
11'941 11'918 111985
111482 117467 11498
mean
values 10182 101943

10''569

The results presented in Table 2 are obtained by use
of the least—square method from (13) using the three
conditions mention ed above a), b), c).

If the basic assumption concerning the proportiona-
lity of E with time were absolutely correct, then all the
systems would yield the same solution. However, since
this is not the case and the analysis of the laboratory
examinations points out existence of a certain thermal
inertia, a question of if it should be also incorporated
into (13) arises by itself. Simultaneously with the
observations laboratory examinations of the levels were
also carried out under various thermal conditions which
will be a subject of another contribution.

This quantity is naturally included in E as a sum,
hence it is possible by using (13) to form a following
equation

Ap=E(AT +7) (14)

and the correction equations then become:
Ap —E(AT +7) =y,

By applying ghe well-known procedure based on
the least—square method one obtains the normal equa-
tions whose solution is

[AY]
ny + [T]

_[A¥] [AT AT]-[A¢ AT] [AT]
TTTR[AT AY] - [AT] [AY]

The values presented in Table 3 are obtained by
using these expressions., The differing values of the
thermal inertia are probably due to the way of forma-
tion of the correction equaticns,

It may be not quite correct to determine the
coefficients T from the right ascension differences
within a pair, because both the level and the instrument
are in the field of the thermal source during the whole
series. Nevertheless, its value derived from the equations
formed from the normal reductions is approximately
equal to that resulting from the laboratory measure-
mens. By comparing the solutions of (13) and (14) one
reaches the conclusion that the mean value determined
from (14) is closer to the real one than that obtained
from (13). This fact indicates the correctness of the
assumption concerning the corresponding influence of
the thermal inertia. In Table 4 the values of the
geographic latitude calculated by using (13) and (14)
and by applying the conditions a), b) and c) are
presented together with their comparisons to the mean

Table 2.

Ey €2 Ep (3] E; €c Y3 ©b e

0.105 +0.011 0.111 +0.016 0.100 +0.009 12"984 12950 12874
Table 3.

Ey Ya €a Ey b b Ec Ye €c

6,905 0.085 +£0.084 12.351 0.078 +0.068 2.883 0.091 +0.075
Table 4,

%, €a @, €a #p €b Py b oc €c S, e’
12"984 +0"141 13'009 to¥116 12'916 *0%209 13002 +0%23 12739 0386 12"'997 +0"128
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value for the geographic latitude of ¥ = 44048’ 131125
(the position of the instrument with which the observa-
tions were performed.

CONCLUSION

On the basis of the complied observational material
one can reach a reliable conclusion that in calculations
of the geographic latitude temperature gradients should
be certainly taken into account and their influence
should be determined. The following formulae are
proposed

V=9, +tAp=y, +E- AT
Y =¥y +Ap’ =¥, + (E+ AE) - AT

where ¥, is the mean geographic latitude of the site
where the instrument is situated. The linear temperature
increase indicates a dependence between the motion of
the bubble and the temperature difference depending on
the room temperature. This is nothing else than a
relative enhancement of the thermal source which
produces the temperature difference existing at the level
terminals. _

A significant displacement of the bubble even at
small temperature differences at the level terminals,
indicates a serious danger for measurements as a syste-
matic influence, if they are performed in the presence of
a thermal source, even if its intensity is very small
(proximity of a heated wall, warm or cold wind from
one direction, etc.), This ultimately requires that an
observer must carefully choose the site of measurements
(to avoid any near objects with possible radiation) take
ihto account the direction intensity and the difference
between the air temperature and the temperature of the
instrument,

Any protection of levels by using various thermo-
isolating materials has given, according to my laboratory
examinations, no reliable results. However, it is a quite
different situation if a total isolation from currents and
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radiations by inserting distant envelopes with glass

.windows for leve] reading can be provided.

The analysis of the tendence shifting the bubble in
the thermal field on time points out that in shorter time
intervals (less than 20 minutes) one can assume that the
shift is proportional to the time. This property may be
used in some measurements (for example measuring the
geographic latitude by application of Talcot’s method)
for the purpose of calculating the proportionality
coefficients and through the latter one also the systemas
tic deviations of the measured values.

In such calculations a special care should be devoted
to the time coefficients for which is desirable to be
corrected for the amounts of the thermal inertia. A good
knowledge of this quantity is possible only if careful
laboratory examinations of it comprising a sufficeint
number of measurements have been carried out.
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IN THE PERIOD 19761980
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SUMMARY: In the present paper an analysis of the variations in the flexure of-the Large
Vertical Circle of Belgrade Observatory between 1976 and 1980 is given.

The examinations show a very prominent temperature dependence a significant
variation during an observation night, and a dependence on observers and on quality of
measurements; no dependence on meteorological parameters such as the pressure and
humidity, as well as on weather conditions under which the measurements were made
(cloudiness, wind, etc.) was found. Seasonal variations, being most prominent during the
autumn season, are found.

The most important systematic influences are collimator displacement and the tube
refraction. :

The accuracy of the flexure determination is €, = + ("2,

,NRODUCHON 2.OBSERVATIONAL DATA

In the period from March 1976 till the end of 1980
ompilation of the Absolute Declination Catalogue of  a total of 263 flexure determinations were realised.
308 Bright Northern Stars (declination zone +650 —  They were done almost every observation night when
900) on the Large Vertical Circle (LVC) of Belgrade.  observations for the Catalogue were performed, and
Astronomical Observatory, the fluxure determination  during a few nights only the flexure was measured.

During the period 1976—1980 together with the

jith collimators (d = 80 mm, f = 1000 mm) situated
orizontally east and west of the instrument was carried
out, The preliminary results of these determinations
including measurements carried out by October 1979)
iere published by Mijatov and Bozhichkovich (1982).

~ In the present paper the results of the deterination
including the whole period are given and an analysis of
the flexure dependence on observers, weather conditions
der which the measurements were made, quality of

fhe measurements, variations during an observation

Before the beginning of every determination the internal
temperature and the humidity were measured, whereas
the pressure was measured at the beginning and the end
of the observation night. The atmospheric conditions
(clearness, wind etc.) were noted, too.

In Table 1 the number of flexure determinations
regarding to observers and the year of determination is
given,

In the columns with two observers the first one was
setting the collimators and also was setting the telescope
to the collimators and the second one was reading the

OBSERVERS

oot P le T tue 2 J— = Total
MM, DB DB ‘MM, BK MM MD MM DT, BK BK
- - 10 9 5 3 2 29
84 & £ - - = - 84
25 31 = - - == - 56
38 28 = = 2 = - 68
16 10 o - - e - 26
6-1980 163 69 10 9 ¥ 3 2 263

OBSERVERS: MM — M.MIJATGV, DB — DJ. BOZICKOVIC
BK - B, KUBICELA, MD — M.DACIC, DT - DJ, TELEKI
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circle and the levels. The duration of a series was about
20 minutes when two observers were working and about
30 minutes when there was only one observer.

Unlike the other years in 1976 the flexure was
determined by many observers with a small number of
determinations. This circumstance, as it was found later
on has significantly reduced accuracy.

In Table 2 the number of flexure determinations
distributed by the seasons is presented.

The major part of determinations, as seen from
Table 2, was performed during springs or summers.

In Fig. 1 the flexure values b; measured during the
observation period are presented,

Table 2
M () N l HS
Year [ . Total
B 1ol IV-VI VI-IX X-XI
1976 = i6 13 - 29
1977 22 34 26 2 84
1978 3 6 36 11 56
1979 13 24 18 13 68
1980 4 7 o 15 26
1976-1980 42 87 93 41 263
b
2% . .
PRI S % 4
ot pEe o P
U 1 ] LetoelT W
resd Ew: e 1981 YEAR
-2.0
Fig. 1.
The values b are within the limits —1"3 and +2'1,

but they are mostly positive. The values b corresponding
to the first falf of 1977 are mostly negative, thus the
flexure in that year was anomalous compared to the
other years.

The temperature range was between —7.80C and
+24.50C. -

3. DETERMINATION ACCURACY

The random error of a single flexure determination
€, is obtained from the difference of two successive
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determinations bpw and bwg during a single series of
measurements.

__In Table 3 the mean systematic differences
Ab=bgrw — bwEg and €, are presented.The latter one is
calculated according to the relation

n
: 2_31 abs (A b))

ep =% 0.625— Sy 1)

where Ab’; — are the values (bgw — bwg); released from
the mean systematic difference Ab from Table 3 and n —
is the number of differences.

Table 3
Year Ab €h n
1976 +0.06 £ 015 037 29
1977 +0.14%0.06 +0.24 84
1978 +0.09 £0,05 +0.20 56
1979 +0.12+0.04 +0.17 68
1980 +0.09 20,06 +0.14 26
1976—1980 +0.1110,03

10,22 263

As seen from Table 3 the measurements performed
in 1976 are well below the necessary accuracy and this is
a consquence, as has been already said, of a large number
of observers with a small number of determinations. In
the other years the accuracy is at the accuracy level
obtained by applying this method on meridian isntru-
ments of similar characteristics. Increasing of the accura-
cy from year to the year may be attributed to the
increasing experience of observers. The accuracy for the
whole period is €, = + 022 and if the year 1976 is
excluded the accuracy is e, = * 0'19. The existence of
the systematic difference Ab demonstrates primary that
a displacement of the collimators was present (Mijatov.
1971-1972).

4. ANALYSIS OF THE DATA

Soon after the first considerations of the observa-
tional material it was clear that a prominent dependence
of the flexure on the temperautre exists. This dependen-
ce is presented in Fig. 2 and as seen it is approximately
linear. After smoothing this fact became more strongly
confirmed.

In order to determine this influence we haved used
the linear relation

bi = bo +a(Ti — To) )
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where is T, =(ZT;j)/n.The values of the unknown values
by and o are derived by using the least—square method
where T, = +12.,90C, From 263 conditional equations of
the form (2) we obtain the following values of the
unknown quantities: b, = +0,69 £ 0.03 and a = +0.04 +
00l The obtained correlation coefficient r = 0.42
indicates that the presentation of the obtained data by a
linear relation is quite satisfactory. Such a temperature
influence on the fluxure (0704/10C) has been also
obtained for other meridian instruments of similar
characteristics. This fact is an indication of its reality
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Fig.2

A dependence on other meteorological parameters
such as the pressure and the humidity is not noticed.

The residuals »; = by —bo — a(Tj — Ty), as well as
the values Ab; =(bgpw — bwE)i and b are subjected to
various examinations: the determination of differences
among the observers, the determinations of variations
due to different atmospheric conditions and different
measurement gradings, as well as the determination of
variaions occuring during an observation night. It is
possible to carry out these examinations since we have
gstablished that the different systematic differences
derived from the existing observational material do not
practically affect the determination of other ones.

The difference among the observers is determined
only for the observers MM, DB and DB (Table 1),
because they performed the major part of the measure-
ments (about 90%). This difference is determined from
the measurements performed between 1978 and 1980
only when the two observers were engaged.

Table 4
OBSERVERS v ab ey N
MM, DB —0"7£0%06 +0%08+0"4 0018 79

DB -0,01£0.04 +0.14£0,04 *0.18 69

In Table 4 the values v, Ab, €, and n for the
observers are presented.

The systematic difference between the observers
MM, DB and DB of A = — 0{26 +0'07 may be considered
as a real one because it is obtained within the accuracy
limits and also when it is determined for each year
separately. The collimatos displacement (values Ab) had
a larger influence on the flexure determination by the
observer DB. This is understandable bearing in mind that
the duration of the determination was longer. The
determination accuracy b is the same in both cases.

Variations in the flexure can also arise due to the
actions of various atmospheric parameters during the
measurements, The variations arising in the conditions:
clear, partlally cloudy, calm and wind are here consider-
ed. In Table 5 the values v, Ab, €, and n corresponding
to different combinations of these conditions are presen-
ted.

Table 5

CONDITIONS

<i
b
o
m
o

CLEAR, CALM  +0002%0%04 +0:12+0/04 £0%22 135

CLEAR, WIND +0.02%£0,07 +0.14 £0.07 £0.23 S9
PARTIALLY

CLOUDY CALM +0.01+£0.07 +0.05£0.05 £0.19 54
PARTIALLY

CLOUDY WIND

-0.21%0.18 +0.29£0.14 £0.21 12

As seen from Table 5 a change in v occurs only
when measurements are performed in a partially cloudy
and windy weather. This change cannog be considered as
quite real, because it is determined from a small number
of measurements, though it is in principle possible
bearing in mind the influence of the wind on the
instrument and collimators which is confirmed by the
increased value of Ab. One may claim: since the wind
does not cause changes when the weather is clear,
nevertheless there are no changes depending on the
mentioned atmospheric conditions.

The values of v, Ab, €, and n as depending on the
measurement gradings (bad, satisfactory, good and very
good) are given in Table 6 These gradings are derived on
the basis of the behaviour of the instrument and
collimators in the course of every series.

Table 6

MEASURING - —

GRADING v Ab € N
BAD +0'14 +£0%06 + 013209 *0"6 66
SATISFACTORY +0.05 10,05 +0,09+0,04 019 97
GOOD —0.12+0.06 — 0.02£0.04 £0,15 62

VERY GOOD -0.18 0,08 +0.04 £0.03 *0,10 38
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The flexure variation for different gradings from bad
to very good ones has a continuous trend of decreasing

the values 7 and the total variation is greater than 03,

On the reality of the obtained systematc differences one
can, at present, say nothing reliable. A final statement
will be possible only after their application to stellar
observational data. However, one should here specially-
emphasize that if these systematic differences are real
and the observational data are corrected by their
application for one or a group of gradings, one will be
able to answer the question of what kind of selection
should be applied to the flexure vaiues in_the future, If
the determinations are bad, the values Ab and €y, are
significant, whereas in the case of the other gradings
these values are smaller than the corresponding values
for the whole period.

In their preliminary results Mijatov and Bozhichko-
vich (1982) found a significant change in the flexure
during an observation night which can attain even 0,4. In
order to examine this effect more thoroughly we order
the values v; also according to the time interval tpy
between the end of the twilight (moment of the sunset
plus 0.5 hours) and the moment of determination of the
flexure, The end of the twilight is assumed as the
beginning of the time calculation t because this is the
moment when the stabilization of the ambient condi-
tions begins after the end of the insolation period and in
the further course of a night the stability of the ambient
conditions is growing. The observational material makes
possible to follow the flexure change during a night
within time intervals longer than seven hours. In Fig. 3
the dependence v; from tyy, is presented.

alais]

R o

Fig. 3.

As seen this dependence has approximately a para-
bolic character being more confirmed by smoothing and
thus we decide to determine the change of »; from ty
from a quadratic equation
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vi=ag+a, tm tap th . )]

By applying the least—square method one obtains
the values of the unknown coefficients from 263
conditional equations: a, = — 0.26 = 0,09, a, =+0.22 ¢
0.05 and a;, = — 0.03 £ 0.01. On the basis of the value of
the correlation coefficient r = 033 one can say that the
presentation of the dependency by a quadratic relation
is quite satisfactory,

The curve representing the variation of v; from ty, is
presented in Fig. 4.

"

+1.0

Fig. 4.

The maximal flexure change during a night accord-
ing to Fig. 4. at the intervals t, at which the
measurements were performed is equal to about 0.5.

The values Ab, €, andn corresponding to different
time intervals t are given in Table 7.

Table 7

tm Ab b n

0-1 +0133 20011 +0'32 26
1-2 +0.15 £0.10 +0.22 35
2-3 +0.1610.08 +0.24 32
3-4 +0.02+0.07 +0.22 48
4.5 +0.01 £0.08 +0.22 43
5-6 +0.06 0,07 +0.19 31
6-7 +0,17 % 0,10 +0.27 23
7.8 +0.11 9,06

+0.17 25

|
|

The maximal values of b correspond to the first hour
of determinations and the minimal ones correspond to
the interval 3h — 6h_ One should point out that after 6P
the values of Ab are enlarged, ie. the action of the
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factors strengthening the instability of the collimators
begins, The values of b are also maximal within the first
hour of determinations and within other intervals they
are at the accuracy level for the whole period. Since
there is a significant systematic influence of the collima-
tor displacement on the flexure determination during
the first hour as well as a small accuracy, one should
avoid measuring at the beginning of an evening.

Since determinations evaluated with had gradings
possess significant deviations from the mean value for
the whole system (v = 0) and the measurements were
performed with a low_accuracy and with a significant
systematic ditference Ab, a question of to what degree
their elimination from the whole observational material
contributes to their improvement arises,

The wemeprature effect derived from 197 conditio-
nal equations of form (2) after exclusion of measure-
ments with bad gradings for T = 13.309C vields the
following values of the unknown quantities: b, =+0.75
t 004and a =+0.03 = 0.01. As seen the sample without
bad determinatons lias a temperature influence smaller
by abeut 2577,

Bearing this in mind we decided to carry outall the
examinations dorie with the residue also with a sample
without bad measurements, The results obtained for the
change of the flexure on the basis of the whole
observational material are also confiremed on this
sample. Only the values of Ab and €p, as could be
expected, are somewhat smaller for the sample than in
the case of the whole observational materiai.

We suppose that the obtained systematic differences
between the two groups of obscrvers as well as, those
arising from the determination gradings, are consequ-
ences of the systematic measuring errors in the following
way: in the {irst case above ali because of the difticulties
in mutual setting of the collimators; in the second one
because of different actioons of- above all - the
collimator shifung and instrumenta! errors. The varia-
tions during a night, as will be seen, may be to some
degree attributed to the tube refraction action.

In their paper Hgg and Miller (1986) demonsirated
that the flexure determinations tor the 0—inch meridian
circle of the U.S. Naval Observatory were not free from
a systematic influence due to the tube refraction. This
influence can be according to them represented by the
following ex pression.

b=co + ¢y abs (Tj). (4)

where ¢, is the mechanical flexure, ¢; abs (7,) is the
inflience looked for and T; is the change of the
temperature with time for a ceriain value of b;. Instead
of b; we use in {4) the values of v; obtained earlier, but
in that case for the mechanical flexure one obtains a
value less by the amount of the mean flexure b, from

@.
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The values of T are determined from the tempera-
ture change in the course of time at different values of
tm . In order to obtain the values of T we use the
temperatures measured during observation nights when
the flexure was determined. The dependence of T on ty
is presented in Fig, 5. The values of T are very
prominent for the first three hours of t;, to become
only slightly changed afterwards.

P orecshd

Fig. S.

By applying the leasi—square method we obtain the
values of the unknown quantities from 263 conditional
equations of the form (4):¢, =+0.17+ 011 and ¢, =--
048 + 0.29; this means that the mechanical flexure b =
0.86 + 0.11 and the refraction influence is equal to
--0.48 abs (T). Since T is varied within the limits -- 0.60
OC/h and —0.259C/h, the maximum refraction inful-
ance can attain about 0'3 and its variation about 0!2.

The flexure variations during an observation nihgt in
the course of first five hours of i (Fig. 3) agree
sufficiendy well with the flexure variations due to the
tube refraction and therefore the may be, to a
somewhat degree, explained by existence of this influ-
ence. However, the promient variation appearing afte-
rwards, especially after ‘'six hours of {, cannot be
explained by this influence only, since there are pro-
bahly additional significant systematic influences in this
part of the observation ningt - first of all - the
collimator shifting having been already established by an
enlarged value of b,

The annual seasonal variations derived from the
whole period (Fig. 6) are determined from the values of
v corrected for the difference between the two observer
teams, systematic differences due to the determination
gradings and to the variations during the observation

night.

4]
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"y
<1%c
0.3 1.0 YEAR
1.0
Fig. 6.

As seen, the seasonal variations in the first half of a
year except January, when there were no measurements,
are about +02 with slight fluctuations; from July to the
middle of September there are almost no fluctuations,
and than beginning with the midseptember a singnificant
variation appears attaining —0"S. Therefore, the most
significant variations occur during the autumn season
and the largest variations at a season change are those
occuring between autumn and winter, :

5. CONCLUSION

The examinations of the LVC flexure show that
determinations of this quantity realised with collimators
situated horizontally are not free from random and
systematic errors being especially ;prominent in measure-
ments performed in the beginning of anevening. The
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influences due to the collimator shifting and tube
refraction are specially expressed. Therefore, in future
flexure determinations one should avoid measuring in
first evening hours when the temperature field is still
unstable and subject to rapid variations. Among signifi-
cant systematic errors of determination is also the
difference between the observer teams. In order to
remove this influence it is necessary to carry out
observations with a reversing prism in the future. In the
present measurements it was not the case, The depen-
dence of the flexure on the determination grading
requires, as has been already said, additional examina-
tions. The flexure variations during a night found here
are explained, to a larger degree, by tube refraction
action, but to give a complete explanation of this
important phenomenon it is necessary to continue the
examinations in this direction.

We hope that the application of the obrained
systematic differences will improve the system of mea-
sured flexure values and in this way achieve a better
accuracy of determinations of absolute declinations of
celestial bodies with this instrument,

ACKNOWLEDGEMENT

This work has been supported by Republic Associa-
tion for Science of Serbia through the project , Physics
and Motions of Celestial Bodies and Artificial Satelites”,

REFERENCES

Hgg E., Miller R.J.: 1986, Astron, J., 92, 495.

Mijatov M.: 1971-1972, Bull. Obs. Astron. Belgrade, 125, 19.

Mijatov M, Bozhichkovich Dj.: 1982, BullObs, Astron,
Belgrade. 132. 3.




Bull. Obs, Astron, Belgrade N© 140 (1989), 43—46,

UDC 524.388
Original scientific paper

RELATIVE PROPER MOTIONS OF COMPONENTS OF 16 TRIPLE STAR SYSTEMS
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SUMMARY: By comparing the proper motions determined from meridian measurements
with the relative proper motions obtained from rectilinear trajectories it is concluded that
out of 16 examined tiple systems 11 systems have at least one optical component.

I.INTRODUCTION

Compiling a catalogue of triple star systems with
physically connected components is the first task in
analysing dynamical states of these systems. The statisti-
cd criterion of component connexion (Anosova, 1987),
unavoidable in a compilation of such a catalogue,
requires a complete, or almost complete, set of observa-
tional data on each component, Gathering such a set of
data on multiple systems is not a simple task. Therefore,
use of an accessible procedure may be also justified in a
preliminary analysis of the component membership to a
triple system.

The procedure used in the present paper is based on
acomplete series of relative measurements (4, p) for the
components of a pair examined and on the knowledge of
the proper motion determined from meridian observa-
tions. In this way there is no waste of time in gathering
the data for systems being most likely of no interest and
the study is devoted to real and interesting cases.

2. THE PROCEDURE OF PRELIMINARY DETERMI-
NATION OF COMPONENT NONMEMBERSHIP TO A
STAR SYSTEM

The act of establishing of relative rectilinear uni-
form motion for two components within a system has
been considered as a confirmation of their physical
independence. In most cases this is correct. However, a
short segment of the trajectory of physically connected
components within a system may be approximated by a
relative rectilinear uniform motion.

As a more rigorous nonmembership criterion for a
component in a system it is here proposed assuming a
Jfixed” component and the transit of another compo-
nent (or a pair) in a uniform motion along a rectilinear
trajectory with respect to the fixed component. In other
words it is expected the relative proper motion of a

component and the proper motion obtained for this
component from meridian measurements to be parallel.
The opposite case is an indication that both components
possess significant proper motions which can be due to
their proximity in space. It is finally proposed as a
nonmembership criterion existence of a distant | fixed”
component and a close component whose proper motion
is reliably registrated,

By adding to the series of relative triple--system
measurements new observations measurement series
comprising an observational period of almost 200 vears
are obtained, This fact gives a high weight to the derived
relative proper motions.

It is necessary to decide to what limit the parallel-
ness of the two proper motions can be established.

The errors of determinations of relative proper
motions depend on the accuracy of the observational
material and on the length of the observed trajectory
part. As a well defined one we can consider a trajectory
which will not deviate from its direction by more than a
few degrees after further corrections and at the same
time the error of the ratio of the propr motions — as
defined below — does not exceed 0.20. These criterria
are in accordance with the limits of proper--motion
errors given usually in catalogues.

We assume that the two proper motions (relative
and meridian one) are,in accordance” if the following
conditions are fulfiled:

- 14u] = Pael) — Bmer) 020
Hrel) H(rel) .
Ap = |¢ (rel) — ¢ (mer) < 100, H

¢ is the proper—motion position angle.
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Table 1. Comparison of relative proper motion to proper motion derived from meridian observations

ADS u (rel) u (mer,) Source Au A oy d
2681 A: 00032 A: 0034 IDS -07002 721 59 s
AC in 137.3 in 130%2
(1950)
6364 A-0.019 A: 0,040 - ADS (Yale) -0.021 227 1105 29
AB in 194.0 in171,3
(1950) A:0.015 BDS 0.004 ~-52.4 26.7
in 246.4
A:0.035 IDS -0.016 - 6.0 84,2
in 200.0 '
8100 A: 0421 A: 0.406 ADS (Yale) 0.015 0.4 35 66.0
AB in 285.8 in 285.4
(1950) A: 0442 BDS (Porter) -0.021 - 2.1 5.0
in 2879
A: 0425 BDS (Kustner) —-0.004 0.4 1.0
in 285.4
A: 0,406 IDS 0.015 2.6 3.5
in 283.2
8440 A: 0,323 A:0.345 ADS (Cin 0 18) -0.022 -11,0 . 6.8 50.6
AC in 106,9 in 117.9
» (1950) A: 0,348 BDS (Porter) -0.025 —135 7.7
in 120.4
A: 0.327 BDS (Rad) -0.004 —-14.4 1.2
in 121,3
A:0.379 IDS -0.056 —15.1 17.3
in 122.0
8601 A:0,222 AB: 0,183 ADS (Com) 0.039 - 32 17.6 277
AC in117.2 in 120.4
(1950) AB:0.197 IDS 0.025 - 39 11.3
in 121,1
9136 A:0.169 AB: 0,195 BDS -0.026 7.4 15.4 133
AC in 2€2.5 in 255.1
(1950) AB: 0.166 IDS 0.003 9.0 1.8
in 253.5
9969 A:0.469 AB: 0.464 ADS (Cin 0 19) 0.005 0.9 1.1 62.8
AC in 157.8 in 156.9
(1900) AB: 0,448 BDS (Auwers) 0.021 - 1.6 45
in 159.4
AB: 0459 BDS (Bossert) 0.010 ~ 1.8 2.1
in 159.6
AB: 0.433 BDS (Porter) 0.036 - 27 7.7
in 160.5
AB: 0475 IDS 0.006 0.9 1.3
in 156.9 !
10394 B:0.023 B: 0.044 IDS 0.021 12.0 91.3 3.7
AB in 2434 in231.4
(1950)
11632 A: 2.306 AB: 2.307 ADS (Cin 0 18) —0.001 - 0.1 0.0 508
AC in 325.2 in 325.3
xe (1950) AB: 2.303 BDS (Stumpe) 0.003 - 0.2 0.1
in 3254
AB: 2,286 BDS (Porter) 0.020 0.7 0.9
in 324.5
AB: 2,289 BDS (Kustner) 0.017 - 0.2 0.7
in 325.4
AB: 2,299 BDS (Krueger) 0.007 - 04 0.3




RELATIVE PROPER MOTIONS OF COMPONENTS OF 16 TRIPLE STAR SYSTEMS

Table 1 (continued)

ADS u (rel) u (mer,) Source Al A oy d
in 325.6 ‘
AB: 2,286 IDS 0.020 - 0.2 0.9
in 3254
11811 A: 0058 AB: 0.043 IDS -0.015 149 25.9 6.2
AC in 341,2 in 326.3
(1950)
11902 A:0.110 A:0.120 ADS (Cin019) -0.010 - 29 9.1 17.6
AB in177.1 in 180.0 .
(1950) A:0.115 BDS (Auwers) -0.005 -13.1 4.5
in 190.2
A:0.111 BDS (Bossert) -0.001 -10.5 0.9
in 187.6
A:0.117 BDS (Paris) -0.007 - 29 6.4
in 180.0
A:0.132 IDS -0.022 11.6 20.0
in 165.5
11971 A:0.138 A:0.144 ADS (Cin 0 19) —0.006 21.2 4.3 21,7
AC in212,0 in 190.8
e (1950) A:0.117 BDS (A.G. Nico) 0.021 32.0 15.2
in 180.0
A: 0,134 IDS 0.004 11.6 29
in 200.4
BC: 0.014 ADS (Comstock)
in 102,5
BC: 0.014 IDS
in 102.1
1913 A: 0438 AB: 0.433 ADS (Burnham) 0.005 - 0.8 1.1 441
AC in 177.2 in 178.0
(1950) AB: 0.435 BDS (Auwers) 0,003 - 45 0.7
in 181,7
AB: 0.449 IDS -0.011 - 07 2.5
in177.9
13886 © A:0.340 AB: 0.352 ADS (Cin 0 19) 0.012 - 45 3.5 29.0
AC in101,0 in 105.5
(1950) AB: 0.384 BDS (A.G. Ber,) —0.044 — 83 12.9
in-109.3
AB:0.351 IDS -0.011 -10 3:2
in 1020
- 14773 AB: 0.276 AB: 0.321 ADS (Cin 0 19) -0.045 27 16.3 255
AB-C in 169.9 in 172.6 '
(1950) AB: 0,287 BDS (Stumpe) —-0.011 — 6.6 4.0
in 176.5 ’
AB: 0.289 BDS (Auwers) -0.013 - 6.6 47
in 176.5
AB: 0.379 BDS (Paris) -0.103 3.7 37.3
in 166.2
AB:0.320 1IDS —0.044 0.0 15.9
in 169.9
. 15896 A:0.316 A: 0,336 ADS (Boss) -0.020 - 2.8 6.3 492
AC in 90.4 in 93.2
ssese (1950) A: 0,317 BDS (Auwers) -0.001 - 30 0.3
in93.4
A:0.318 IDS —0.002 0.2 0.6
in 90.2
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Foot—note:
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*BDS: The measurements of AC by £ and g, 18311905, give for the p.m, of A, 0''321 in 10794,

** The last measurement: 1926.65.

*+* BDS: The measurements give 0!'14 and a larger position angle (> 180°).
GP : There is a small systematic difference in A9, which is impossible to avoid, Ap satisfies the trajectory well.

++++ BDS:
ephemeris for 1988.72: 6 = 681, p = 655 (AB—C).
**=xx BDS: ua :(From measures of C) 0324 in 9099,

3. OBSERVATIONAL MATERIAL TREATMENT AND
RESULTS

The series of triple—star—system measurements (Po-
povic. Zulevi¢, 1989) contains 16 systems for which
determinations of rectilinear uniform motions are pos-
sible. The observations were performed during 1987
and 1988 and for a number previously done measure-
ments thev are important references since for many
systems the observations ceased after the trajectories had
been found as not elliptical. The measurements are
reduced to a common epoch and the preliminary
trajectorv elements are corrected when necessary by
applving differential corrections (Schlesinger, Alter,
1912). The relative proper motion of one component
with respect to the other one derived here is compared
to all existing proper motions of this component
published in the three basic catalogues of double stars:
BDS, ADS and IDS. The epoch of the latter data is not
always the same as that to which the observational
material is reduced. However, possible corrections which
could result because of this are negligible in our case and
therefore they are not taken into account.

The results of the analysis are presented in Table 1.
The contents of the table columns are the following:

Column 1: ADS number and multiple of examined
system pair;

Column 2: Relative proper motion of one component
with respect to the other one — &’ (rel.);

Column 3: Proper motions obtained from meridian
measurements — their intensity and position angle —
u(mer.), ¢(mer.);

Column 4: Source of data from column 3;

Column 5: Intensity differences A = u(rel) — u(mer)

Column 6: Direction differences Ag =g, (rel.) — ¢, (mer.)

Column 7: Relative error defined by (1) in %;
Column 8: Trajectory length from which the relative
proper motion is derived in arc seconds:d

4, CONCLUSION

The following 11 systems from Table 1 satisfy
criterion (1):
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= 0303 in 17294 is derived from measures of the distant Herchel companion, The last measurement: 1925.72. The

ADS 2681 AC ADS 11902 AB

8100 AB 12913 AC
8601 AC 13886 AC
9136 AC 14773 AB-C
9969 AC 15896 AC
11632 AC

and consequently they should be considered as optical
ones. In the case of the other 5 systems:

ADS 6364 AB
8440 AC
10394 AB
11811 AC
11971 AB

the relative uniform motion of the examined npair
components appears as their resulting motion and both
components possess significant proper motions. Despite
of this one can conclude that the proper motion one
component is clearly more significant than that of the
other one, This is in favour of the conclusion that also
for these systems a physical connection between the
examined components probably does not exist. One
should also apply the criterion of Anosova (1988) to
these systems if such an application is possible in view of
the observational data,
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Four satellites of Urans were found by Sir William
chel in 1781; the fifth was discovered by Kuiper in
49, However, reliable values of their masses and radii

determined only recently, after the encounter of
jager 2 with the Uranian system. By combining
llts of the Radio Science Team with the star—satellite
ging data and with 8 years of ground—based observa-
B8, it became possible to determine the radii and
sities of the satellites with relative errors, n some
, a8 low as 4% (Anderson et al., 1987). The best
~Voyager results (Dermott and Nicholson, 1986) had
five errors going up to 45%. Such a situation has
| recently severely hampered (Prentice, 1986; Ander-
et al,, 1987) any theoretical considerations of the
mal structure and chemical composition of these

The purpose of this note is to present some
iminary results of a theoretical determination of the
i parameters of the internal structure of the five
lian satellites. The calculations were performed
hin a particular semiclassical theory of dense matter
i and Kasanin, 1962/65). Physically speaking, the
n idea of this theory is that high pressure can cause
ation and ionisation of atoms and molecules; this
ess can be exactly treated quantum—mechanically.
ous examples of astrophysical applications of this
ity have already been published (such as Savi¢, 1981;
i6 and Teleki, 1986, Celebonovi¢, 1988b and referen-
given therein). A comparison of the predictions of
theory with high pressure experiments in diamond—
| cells has recently given promissing results (Savié
Uroevié, 1987; note that eq. (i) must be divided by

The input data for the calculation (i.e., the masses
radii of the satellites) were taken from (Anderson et
987) Starting from these data, and using the
foach proposed by Savi¢ and Kadanin, the following
eters of the satellites were derived:

UDC 523.47-87
Preliminary report

THE INTERNAL STRUCTURE OF THE URANIAN SATELLITES:
A PRELIMINARY NOTE

Vladan Celebonovié
Institute of Physics, POB 57, 11001 Beograd, Yugoslavia
(Received: November 11, 1988)

SUMMARY:: Preliminary results of a theoretical determination of the basic parameters of
the internal structure of the five Uranian satellites are presented.

Table 1

satellite A(amu) V(cm3) p* (kbar) a(10"‘3au) plq cm—3)

Titania 32%*2 19+2 101%3 29303 1.685 £0.008
Oberon 32+1 20%1 9714 3.9178  1.635 £0.06(®

Umbriel 4416 28+8 6010 11,7860 1.58 £0.23
Ariel 43%6 2838 6210 1.2820 1.55 £0.22
Miranda 38+10 30+16 S55*15 0.872 125 £0.33

The satellites are arranged in order of diminishing
radii. A and V denote, respectively, the mean atomic
mass and the molar volume under standard conditions of
the material that a satellite is made of; the central
pressure is denoted by p* and a is the semiaxis major of
the satellite’s planetocentric orbit (Allen, 1973).

Several qualitative conclusions can be drawn from
the data presented in Table I,

One can, for example, compare the values of A
derived in this note, with those obtained earlier for
various other bodies in the planetary system (Celebono-
vié, 1988b and references given therein). It turns out
that, by their values of A, the satellites of Uranus are
situated between the Earth and Mars. However, their

| observed densities are 2—5 times lower than for the two
planets, which can be interpreted as a result of the
presence of a large proportion of ices (H,O, NHj,
CHy, .. .) in these satellites.

Another interesting result is the existence of gra-
dients of A and p. Assuming that all the five satellites
formed in the vicinity of Uranus, their present values of
A and p reflect the distribution of ices and heavier
chemical compounds in the uranian system at the time
of formation, Details of these distribution functions are
heavily model—dependent,

For example, in the so—called modern laplacian
theory (Prentice, 1986 and references given therein, the
satellites condensed from a system of orbiting gas rings
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that were shed by a gavitationally contracting parent
envelope, This envelope disposes of its excess spin by
sheding mass at the equator in discrete amounts and at
discrete orbital radii. The temperature of the gas rings at
the moment of detachement from the parent cloud
varies with the sheding radius. and this could be the
physical basis forexplining the compositional gradient
of the Uranian satellite system.

In the cosmogonical model proposed by Alfen and
Arrhenius (Alfven, 1986; Alfven and Arrhenius, 1985
and numerous preceeding publications), the formation
of pianets and or satellites is explained by invoking the
so—called critical velocity, achieved by material falling
towards a central body. This seems to account for the
band structure of the planetary and most satellite
svstems. If the primordial Uranian proto—satellite cloud
consisted of a mixture of ices and rocks, the critical
velocity phenomenom could have easily led to the
formation of two compositionally different.groups of
satellites. A detailed study of this process is in prepara-
tion,
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1987—Sept. 1988.

is fifteen years now since systematic observations
e Sun, Mercury and Venus (and since January 1981,
,,- Mars) with the Large Meridian Circle of the
rade Observatory are going on.
The Observations are relative ones, the reference
are taken from the FK4. The data treatment
d the circle division corrections, flexure, collima-
and refraction calculated according to the Pulkovo
es. No account is taken of the ,,day—night” correc-
‘and the personal errors. One edge of the planets
rved if these were phased, otherwise both edges
been observed.
fore 1985 for the purpose of solar observatons a
rev filter was used and afterwards another one
high—quality glass.
oth edges—the front and the rear one in the right
jon — the lower and the upper one in the
tion — were observed, Mercury was mostly
jed by central bisection of its image. In those cases
the seeing was satisfactory, the part of the planet
ated by the sunshine was observed. Venus was
ed in the same way as the Sun, or only one edge.
h cases of Observing one edge only, the diameter
tion was applied.
The ephemeris of the Sun, Mercury, Venus and Mars
calculated after 1987. We obtain ephemeris from
ute of Theoretical Astronomy, Leningrad.
fhe number of observations of the Sun and planets
period 1987—1988 is presented in Table 1,
e temperature inside pavilion has been read off
and after the observation at two places, to the
| and to the south of the instrument. Mean
ature has been used at reduction. Data treatment
éen performed on a TEXAS 59. .
The error of a single observation has been determin-
gording to the formula

Ev
A’*V?:T

UDC 521.98 : 521.3
Preliminary report

OBSERVATIONS OF THE SUN AND PLANETS WITH THE
BELGRADE LARGE MERIDIAN CIRCLE

M. Daéié, S. Sadzakov and Z. Cvetkovié
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: December 15, 1988)

SUMMARY:: Results are presented of the Sun, Mercury, Venus and Mars observations
made with Large Meridian Circle of the Belgrade Observatory in the period Mavch

where

v; — is the deviation (O—C) of the mean value for a
particular period;
n — is the number of observations;

Table 1. Data on Observations

Object 1987 1988
observ,

N n K N n K
SUN 108 23 S 85 20 4
MERCURY 17 3 6 20 5 4
VENUS 92 20 S 75 18 4
MARS 7 2 4 11 2 6

N-— the number of reference stars transits;
n — the number of observing towrs;

K = N/n — the average number of reference stars transits per
observing tours;

Mean yearly differences (O—C)q s for the Sun and
planets; € _ c)—mean errors of single observations and n
— the number of observations are sumarized in Table 2.

Table 2. (O—C) differences and their errors for the observed
objects

Objects years 0-0) cq (O - C)s €5

SUN 1987 0%001 *0%27 —0%4 029
1988 0.012 +0.034 007 +0.40

MERCURY 1987 -0.031 #0003 0.17 0.34
1988 -0.021 +0.057 0.00. 0.63

VENUS 1987 0009 0032 -002 +0.34
1988 0020 0058 013 056

MARS 1987 0039 #0008 002 *0.71
1988 0028 #0047 -035 10,02
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Table 3, Data on the Sun Observations
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L)
!

50

56

Date of ob— clamp
observ, serv. B, t0C n @ O-C)q 5 © -C) Ep posit.
1987 ) 1900+
26.03. MD.ZS, 7414 144 3 oohiomisiion 0%014 02004 55's2 g9 8723 E
. 03.04. MD.ZS, 7406 11.8 2 00 43 23.531 0014 05 11 2990  -0.16 8725 E
08.04, SS.MD, 741.8 181 6 01 06 39.885 —0.011 07 05 16.29 0.02 8727 E
23,04, SSMD. 7500 105 5 02 02 11.069 -0.047 12 25 3825  -0.17 87.31 E
24,04, SSMD. 7500 139 6 G2 05 56,396 0.020 12 45 34.80 0,08 8731 E
29.04 SS.ZS. 7543 132 4 02 24 50.443 0.022 14 22 0277 -0.01 8733 E
13.05. SS.MD 7358 215 6 03 18 56.122 —0.906 18 18 27.00 0.52 8736 E
02.07. SS.MD. 7421 280 6 06 43 40.688 0.001 23 03 4561 -0.06 8750 E
13.07. MD.ZS, 742.7- 270 4 07 28 47,280 -0.012 21 52 27.66 0.35 87.53 E
14.07. $S.28, 7439 272 4 07 32 50.803 0.066 21 43 40,77 -0.22 . 8753 W
28.07. SS.MD. 741.8 221 5 08 2§ 45605 0.013 19 03 2345 033 8757 W
16.09. MD.  749.0 25.1 6 11 34 24077 Q.013 02 45 56.80  --0.19 8771 W
01,10, SS.MD. 7488 136 4 12 28 20,256 0.612 03 03 47.96 0.08 87.75 W
07.10. SS.MD. 7426 195 5 12 50 07.949 _.0.014 ~05 22 3951  _0.15 8777 W
09.10. SS.MD. 7450 18. 3 12 57 26819 -0.002 -06 08 2760 -0.20 8777 W
15.10 SS.MD, 7446 172 3 13 19 34954 ..0.032 -08 23 47.04 -0.02 87.79 W
16.10, SSMD., 7436 195 5 13 23 18.193 0.021 08 45 5820 0,22 8779 W
20.10. MD, 7475 158 6 13 38 17.159 -0.031 —i0 12 25.38 0.33 87.80 W
22.10. MD. 7443 177 4 13 45 50471 0.008 —10 56 1687 -0.39 8781 W
27.10. MD. 7532 105 5 14 04 55778 0.009 —12 40 27.15 0.37 87.82 W
28.10. MD. 7542 99 4 14 08 46,980 0.035 —13 00 4327 -076 8782 W
29.10. MD, 7528 7 4 14 12 38515  —0.008 —13 20 47.08 -0.27 8783 W
30.10. SS.MD., 7526 75 S 14 16 31,592 0059 -13 40 38.18 --0.16 8783 W
1988
20.01. SSMD, 7442 61 5 2007 01958 --0.008 —20 14 30.17 0.31 §8.05 W
16.03. . SS.MD., 7362 140 4 23 45 33900 0.017 ~01 33 54,90 0.31 88,21 E
30.03. SSMD. 7404 113 6 00 36 34257 2,009 03 56 2444 D10 8824 E
12.04, SS.MD, 7448 155 1 01 24 07.365 —0.011 08 5S¢ 38.04 0.31 §328 E
21.04. SSMD., 7432 17.8 6 01 57 32115 -0.007 12 00 3755+ 0.13 88.30 W
01,07, SSMD, 7476 251 5 06 42 39778  —0.C10 23 04 47.08  -0.18 88.50 W
12.07. SSMD. 743,66 249 3 07 27 48.158 0.043 21 54 3221 0.18 8853 W
14,07, SS.MD. 7406 274 3 07 35 55.333 0.040 21 36 45.72 056 8853 W
61.08. MD. 7482 253 3 08 47 18963  _0.045 17 54 19.56  -06.62 8858 W
02.08, SSMD., 7438 268 6 08 51 11.254 6.046 17 38 57.38 0,17 8359 W
03.08, SSMD. 7402 270 3 08 55 02957 --0.026 i7 23 17.8%  _0.16 8859 W
04,08, SSMD, 741.6 250 5 OB 58 54078  —0.,002 17 07 21.34 0.03 8859 W
08.08. MD., 7433 254 4 09 14 12391 -0.00% 16 00 50.83 0.68 8860 W
09.08, SS.MD, 7412 224 6 09 18 01033 0,023 15 43 3368  -0.19 8861 W
10.08. SS.MD 7417 268 5 09 21 48704 -0.008 15 26 01.27 093 8261 W
15.08. MD. 7432 210 3 09 40 38620 0.089 13 54 4364 0.87 8862 W
16.08. SSMD. 7414 301 4 09 44 22570 0.072 13 35 47.16 0.29 8352 W
18.08. SSMD, 7449 252 4 09 51 50073 0.034 12 57 1587  -043 88.63 W
19.08, SS.MD., 7438 222 2 09 55 32857 0.010 12 37 4174 -0.62 8863 W
05.09. MD. 747.0 250 3 10 57 36.507 -0.022 06 38 5693  --0.21 8868 W
Table 4. Data on the Mercury Observaticns
Date of ob- clamp
obsery, serv., B, toC « © - C)y 5 0 -0 Ep posit.
1987 1900+
03.04, MD.ZS. 7406 118 5 23h13ma6%012 —0%25 070200 15972 021 872 E
08.04. SS.MD, 741.8 181 6 23 39 22483 0,034 —04 55 12.85 049 8727 E
13.05. SS.MD. 7358 215 6 03 47 51.196 ~0.031 20 39 03.52 -0.18 87.36 E
1988
16.03, SS.MD. 736.2 140 4 22 10 32,075 0,033 —15 01 55.75 -0.61 8821 E
12.04. SS.MD, 744.8 155 4 00 54 0¢.842 0,063 03 58 2788 -0.09 8328 E
14.07, SS.MD, 7406 274 3 06 12 50525 ~0.020 72 04 2380 096 B8S3 W
09.08. SS.MD, 7412 224 6 0% 46 42.410 ~0,085 15 13 14.2¢ 021 8861 W
15.08. MD. 7432 310 3 19 29 36530 0.375 i 10.19 647 8862 W

|
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ble 5. Data on the Venus Observations

clamp.
serv, By ©,C n o O-C)y 8 0-Cs Ep posit.
1900+
MD.7S. 7414 144 3 21hsgm21%740  —0%28 —~12053 23'58 036  87.23 E
MD.ZS. 7406 118 S 22 35 23738  -0.001 —09 50 13.82 0.59. 87.25 E
SS.MD, 7418 816 22 58 11.508 0.052 —07 46 13.14 ~0.11 87.27 E
SS.MD. 750.0 105 5 N0 05 30.167  —0.,004 ~01 05 03.53 0.54 8731 E
SS.MD. 750.0 139 6 00 09 57.631  —0.044 —00 37 21.87 -0.46  87.31 E
$S.ZS, 754.3 132 4 00 32 14906  -0.043 01 41 42.68 0.02  87.33 E
SS.MD. 742.1 280 6 05 11 48.416 0.015 23 05 48.62 0.40  87.50 E
MD.ZS 742.7 270 4 06 40 27.763 0.024 23 17 19.03 -0.70  87.53 E
$8.28 743.9 272 4 06 45 47.983 0.015 23 14 14.87 0.02  87.53 w
$S.MD, 741.8 221 S 07 59 48.547 0.018 21 20 30.01 ~0.30 8757 w
MD 749.0 251 6 12 00 44.216 —0.027 01 21 44.19 0.11  87.71 w
SS.MD 748.8 13.6 4 13 09 02421  -0.023 —06 14 48.34 -0.15 87.75 w
SS.MD 742.6 195 S 13 36 45.644 0.033 —09 11 42.66 ~0.36  87.77 w
SS.MD 745.0 181 3 13 46 05.588  -.0.023 —~10 09 10.90 ~0.02 8777 W
SS.MD 744.6 172 3 14 14 26,363 0.051 —~12 55 41.17 0.33  87.79 \
SS.MD 743.6 195 5 14 19 13.226 0.010 ~13 22 26.26 ~0.05 87.79 w
MD. 747.5 158 6 14 38 31.447 0.042 —~15 06 05.95 ~0.03  87.80 w
MD 7443 177 4 14 48 17.357 0.066 —15 55 44.07 -0.10  87.81 W
MD 754.2 99 4 15 08 03.938 0.033 ~18 14 34.12 —0.34  87.82 w
MD 752.8 87 4 15 23 05.995 0.009 -18 36 05.91 ~0.09  87.83 Y
SS.MD. 7442 6.1 S 22 33 08.416 0.042 —~10 42 01.79 ~0.29  88.05 w
SS.MD, 740.4 1.1 6 03 31 08.325 0.003 22 09 07.29 0.41  88.24 E
SS.MD. 744.8 15.5 4 04 23 42,334 —0.092 25 28 06.76 0.68  88.28 E
SS.MD 747.6 251 S 04 53 12.124 0.003 18 14 26.05 ~0.64 8850 W
SS.MD 743.6 249 3 N4 57 17.394 0.055 17 45 35.19 0.64  88.53 w
SS.MD 740.6 274 3 04 59 51.611 —-0,027 17 46 58.99 0.59 8853 W
MD 748.2 253 3 05 41 35818 0.094 18 51 10.42 0.37 8858 w
SS.MD 7439 268 6 05 44 42,077 0.056 18 55 32.24 0.32 8859 w
SS.MD 740.2 270 3 05 47 52,304  -0,064 18 59 48,71 0.14 8859 W
MD., 743.3 251 4 06 04 38.378 0.035 19 19 05.84 074  88.60 w
SS.MD. 741.2 224 6 06 08 09.693  -0.015 19 22 23.87 0.58  88.61 w
SS.MD. 741.7 268 . S 06 11 44,094 0.059 19 25 28.19 ~0.32 88.61 w
MD 743.2 310 3 06 30 18.583  —0.053 19 36 49.66 0.26  88.62 w
SS.MD 741.4 30.1 4 06 34 09.267 0.064 19 38 11.58 0.65 8862 w
SS.MD 744.9 252 4 06 41 57.672 0.090 19 39 54.49 0.46  88.63 W
SS.MD. 743.8 222 4 06 45 55.217 0.084 19 40 13,99 -0.83  88.63 w
MD. 738.6 255 4 06 58 00.215 0.069 19 38 56.57 ~0.69 88.64 w
MD 747.0 250 3 07 57 34.806 —0.047 18 41 34.79 -0.80  88.68 W
le 6, Data on the Mars Observations
ob- clamp
serv, By toC n a O - Oy 5 O -0 Ep posit.
¥ 1987 1900+
08.04, $S.MD, 741.8 181 6 03hsgm343161 07033 21023' 0161 0's2  87.27 E
h: 23,04, SS.MD. 750.0 105 5 04 41 00.544 0.044 23 09 17.86 _0.48 8731 E
. 1988
2 21,04, SS.MD., 7432 178 6 20 49 42.149 0.061 —~19 08 55.64 -0.36 8830 W
10,08, SS.MD. 7417 268 5 00 43 02.404 -0.005 —00 42 32,00 -0.33 8861 W

l  The apparent right ascensions and declinations
obtained from observations are compared to the ephe-
peris places and the results are presented in Table 3—6

Each of the four tables contains eleven columns.

Their description is given below.

Column I — data of observation;
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Column II — observers: Miodrag Da&i¢ (MD),
Sadzakov Sofija (SS), Zorica Cvetkovi¢ (ZC).

Cojumn III — atmospheric pressure in mm Hg;

Column IV — mean air temperature in the pavilion;

Column V — number of reference star transits;

Column VI — ephemeris right ascension (a);

Column VII — (O—C)g in right ascension;

Column VIII — ephemeris declination (§);

Column IX — (O—C); in declination;

Column X — observation epoch;

Column XI — clamp position,
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NTRODUCTION

present paper contains the results of the
phic observations of nine minor planets: 123
hild, 232 Russia, 1283 Komsomolia, 2158—1933
2354 Lavrov, 2943 — 1933 QU, 1985 CO,, 1985
and 1985 CQ, . Last three ones are n e w discovered
it planets. For three stars (7006, 7007 and 7008) the
se positions are calculated.

BSERVATIONS

Minor planets observations were performed with
(Grand Prism Objectif, f = 400 cm, D = 40 cm),
g Kodak spectroscopic plates 10320, taken at
pean Southern Observatory (ESO), La Silla, Chile.
the plates were measured on the Optronics
o machine, Garching and on the Ascorecord

The results of observations collected during this
on are presented in two Tables.

UDC 523.44
Preliminary report

PRECISE MINOR PLANET POSITIONS OBTAINED AT ESO — LA SILLA
IN FEBRUARY 1985

H, Debehogne
Observatoire Royal de Belgique, Avenue Circulaire 3, B— 1180, Bruxelles, Belgique

V. Protitch—Benishek
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: December 28, 1988)

SUMMARY: During the first mission in 1985, 258 accurate positions of minor planets
were obtained from observations in February by GPO telescope of ESO, La Silla, Chile,
The measurements were carried out on a measuring machine OPTRONICS at ESO,
Garching and with Ascorecord Zeiss of the Observatoire Royal de Belgique.

Three new minor planets were discovered.

Table I contains, respectively: the ordinal number of
each position, the object designation, ordinal number of
the plate, date in UT, the topocentric coordinates @ and
& for the equinox 1950.0 and the residuals.

For the new asteroids only the calculated positions
are presented.

In the Table II' we give also the ordinal number of
each position, the star identification — SAO number, the
last digit of a and & of the star (proper motions are
included), the residuals on the reference stars, computed
for each of three exposures and the dependences.
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Table 1. Positions

JATE UT 19c¢s

NO QBJECT PLATE MO LAY ALPA 1950 CELTA 1952 PLSIDUALS
H § S G M hils i i

1 123 SRUNHILD — 3C04 o 250 € 47 204484 +11 T3 50.53 4 o1 - 1
2 123 BRUNHILD eudu 2 00 9 47 206334 *11 OF Tlel33 4+ 41 =~ |
3123 SRIHILDY 8004 & Jel % 8D 235.77& 1L LE 51.91 4+ o3 - 1
4 232 PUSSIA 8 2 25C 9 34 10305 +12. 11 35.76 ¢ .0 - 1
5 232 RUSSIA 2 2 £35 9 24 1534019 +12 11 22,29 + C - 1
& 232 RUS3LA goOM 7 Tel 9 36 9.710C +12 11 4C.53 4+ L0 - 1
7 232 RUSSIA auus 2 236 % 33 174507 +12 16 17.20 + .0 C
8 232 RUSSIA 2008 2 1045070833 9 33 174551 +12 1% 20408 + o0 c
9 232 RUSSIA 28008 2 10el7TH3IT 9 32 174157 +12 19 23.320 + .0 C
10 232 RUSSIA BU1S 2 11259028 6 32 284558 +12 27 C5e62 + o0 G
11 232 RUSSIA 015 2 114264533 9 32 26.25. +12 27 Toelb + 408 g
2 232 RPUSSIA 8313 2 114372133 9 32 23.581 417 27 10.6% + .0 3
13 232 RUSSLA o312 136033333 ¢ 30 264150 +12 42 42,79 = .0 &
14 232 RUSSIA B8O 7 134032888 5 30 374847 +17 42 42431 = <6 C
15 232 2USSIA 3031 2 134084644 9 30 27,538 12 42 45,38 = L0 g
16 232 FUSSIA G052 2 15.029881 9 29 SL.5Y5 412 59 3_.22 = a1 !
17 232 RUSSIA BIS2Z 2 154L25417 9 258 ©3,26%5 +12 53 22,50 = o1 C
18 232 RUSSIA 8352 2 1%.08U972 9 28 52.00C +12 52 354014 - .1 3
19 232 RUSSIA BOE9 2 164051389 9 27 55.75& +13 UE€ 37434 =~ i 0
20 232 RUSSIA 8065 2 15.C54944 9 27 SE.4%52 +13 06 42.05 - 41 <
21 232 RUSSIf 2569 T 164062530 9 27 T54135 +13 J6 42.56 = .1 b
22 232 RUSSIA BGET 2 1740556567 9 27 2.076 413 1% 35422 - 1 U
23 232 PUSSIA BLBT 2 17.C61458 9 27 1802 +13 14 37.62 - 1 s
24 232 PUSSIA BUET 2 174066316 9 27 1.52% +13 14 40409 =~ 1 G
25 232 RUSL1A 3105 2 184552125 9 26 9,05 +13 22 28.09 - W1 E
26 232 PUSSIA 5105 2 154057986 9 26 34378 +13 22 305423 ~ o1 C
27 232 RUSSIA 8135 2 1&.062847 S 26 24525 +13 27 32.90 - .1 @
28 232 RuUSSIA 8122 2 194C51736 9 25 16.621 +13 30 18.57 - .1 &
29 232 RuSSIA 2123 2 19¢0%6597 9 25 16345 +13 30 21424 = o1 8
30 232 PUSSIA 5125 7 194C0LHSE 9 25 164088 413 30 23436 - o1 &
31 232 RUSSIA PI4l 2 20U40H9653 9 Z4 ZHe6GL +13 38 08.58 - .1 )
32 232 BUSSIA PI41 2 206058166 9 20 26.635 +13 38 15469 = .1 z
33 232 PUSSIA 8181 2 234052333 9 .4 244232 +13 38 12412 - .1 2
34 1283 FOMSOMOLIA £004 2 54081250 9 24 51¢220 +1C 43 31489 + o0 0
35 1233 KOMS0MOLIR CC4 2 94036805 9 3u S1,067 +10 43 33.34 + 0 O
36 1783 KOMSOMOLIA @234 2 $e092361 9 34 SC.802 +10 43 35.32 + .0 0
37 2158 1933 Q% 3C15 2 114359008 9 22 17.805 +12 56 09445 + 0§
36 2158 1973 0S 5015 2 11.C64582 9 32 17566 +12 S6 10.88 + 0 C
39 2158 1933 oS 8015 2 114072138 9 32 17.320 +1Z 56 12.12 + G O
40 2155 1923 oS §C32 2 134033332 9 30 44.325 +13 54 14424 ~ .0 0
41 2158 1933 0% 80321 2 124038888 § 20 44,089 +13 34 14.78 - o0 O
42 2158 1923 35 PR3 2 124044844 5 30 43.749 +13 04 15.65 = o0 O
43 2153 1933 0S BUS2 2 154027861 9 29 1324094 413 12 23.35 = o0 C
44 2152 1933 G5 GCE2 2 19035817 9 29 F,.878 +13 12 24,45 = .0 ©
45 2158 1973 05 8052 2 15.0802972 9 29 .63 +13 12 26.00 - .G O
46 2158 1923 QS 8069 2 164351385 9 28 224075 413 26 33437 - 41 U
47 2158 1933 23S BL6EY 2 164256944 9 TR 21.228 +13 16 34,40°- .1 @
48 158 1932 65 BL69 2 16eLE0500 6§ 25 Ti-5%72 +13 16 35.45 - .1 O
49 2159 1933 55 E087 2 17056597 9 27 3154238 +13 20 37458 - .1 O
50 2158 1933 3S 2087 2 17.051858 9 27 34,779 +13 27 28.82 ~ 1 O
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PRECISE MINOR PLANET POSITIONS OBTAINED AT ESO—LA SILLA IN FEBRUARY 1985

le 1 (continued)

DATE UT 19€S

OBJECT PLATL MON. DAY ALPHA 1950 DELTA 195G RESIDUALS
H WS Q v v M .
il 2158 1933 ©5 8087 17.066319 27 344531 *13 20 4G .00 - 1
B2 2158 1933 ¢S 81065 16.053125 26 484527 +13 24 32,82 - 1
i 2158 1933 0©S 3105 18.057986 26 484295 +13 24 40,90 - .1
4 2158 1933 0S 81C5 184062847 26 48.028 +13 24 42,00 - o1
B2158 1933 0S 38123 19.051736 26 S262T3 413 28 S38e%6 = ol
6 2158 1933 05 8123 19.056597 26 2.00C +13 28 40,00 - 1
i1 2158 1932 0S 8123 19.061458 26 14808 +13 28 41,48 - ,1
58 2254 LAVROV 8004 9.081250 33. 5.C81 11 35 05,46 ¢ _ 0
9 2354 LAVROV 8004 9.UB68LS 33 4,802 +11 35 07435 + 0
0 2354 LAVROV 8004 9.392361 33 4,517 +11 35 09457 + C
2354 LAVROV 8C08 10.C64236 32 13.654 +11 40 C8.89 + O
b2 2354 LAVROV 3008 10.070833 32 134330 +11 4G 11,12 + .0
63 2354 LAVROQV 8608 10.377430 32 13.007 +11 40 12.50 + .0
§ 2354 LAVROV 8015 11.059028 31 214662 +11 45 16415 + o0
65 2354 LAVROV 8015 11.064533 31 214334 +11 45 17.92 + .0
6 2354 LAVROV 8015 11.670138 31 214827 +11 45 19,17 + .0C
67 2354 CAVROV 8031 13.033333 29 38.449%9 +11 S5 27441 = LU
8 2354 LAVROV 8031 13.038888 29 38.18C +11 55 29,18 + .0
9 2354 LAVROV 8G31 13.044544 29 37.901 +11 55 30.80 + .U
0 2354 LAVROV 8052 15.229861 27 544834 +12 05 44,59 - ,Q
2354 LAVROV 8052 15035417 27 54,521 +12 05 46435 - 40

2354 LAVROV 8052 15.040972 27 S4.243 +12 05 48428 = .0
73 2354 LAVROV 8069 16.351389 27 -2.366 +#12 11 81475 - o1 ¢
T4 2354 LAVROV 8069 16.356944 27 2.100 +12 11 03.08 - .1 +
15 2354 LAVROV . 2069 16.062500 27 14829 +12 11 D4e28 - .1 +
b 2354 LAVROV 8087 17.056597 26 104670 +12 16 09458 = ,1 +
17 2354 LAVROV 8087 17.561458 26 104410 +12 16 11477 - o1 #
78 2354 LAVROV 8087 17.066319 26 104207 +12 16 13,40 - .1 +
2354 LAVROV 3105 18.053125 25 20.069 +12 21 15435 - .1 +
2354 LAVROV 8105 18.357986 25 194801 +12 21 16459 - o1 +
2354 LAVROV 8105 13.062847 25 194513 +12 21 18453 = o1 +
2354 LAVROV £123 19.G51736 24 29.805 +12 26 20441 = 41 +
2354 LAVROV 8123 19.056597 24 29.569 +12 26 21,78 = o1 +
2354 LAVROV 8123 19.061458 24 294319 +12 26 23426 - o1 +
B85 2354 LAVROV 8141l 20.049653 23 404049 412 31 22416 - o1 +
86 2354 LAVROV 8141 20.054166 23 35.792 412 31 23438 - .1 +
2354 LAVROV 8141 20.058333 23 39.615 +12 31 24,50 - o1 +

88 2354 LAVROV 816C 21.054861 22 50549 +12 36 24,23 - .1

2354 LAVROV 8l6C
2354 LAVROV 2160

21.060416
21.065972

22 50.211 +12 36 26400 - 1
22 49,940, +12 36,2058 = o1

2354 LAVROV 8176 22.,055555 22 14804 +12 41 234,00 - .1
2354 LAVROV 8176 22.061111 22 1509 +12 41 244,66 - .1
2354 LAVROV 8176 22.067C14 22 1.180 +12 41 26.45 = .1
2354 LAVROV 8196 24.331250 20 274712 +12 51 B4,.03 - .0
2354 LAVROV 8196 24035417 20 27531 +12 51.085.,24 = O
2354 LAVROV 8196 2442539583 20 27+3448 +12 51 06459 - O
2354 LAVROV 8219 254035417 19 40.954,+12 55..55,20 - .1

2354 LAVROV 8219
2354 LAVROV 8219
2354 LAVROV 8235

S5¢040912
25.046527
2645020486

19 U752, +#12 55 57.07 - .1
19 HOJHB8S.+12 55.58.71 - 1
iB 564056 +13 00 36,60 - .1 +
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H. DEBEHOGNE and V, PROTITCH-BENISHEK

Table 1 (continued) . ;.

GATE UT 19uS 3
NO CEGLCT FLATE MON. DAY ALPHA 950  [LLTA 1952 RESIDUALS b
booM g o e " '
101 2354 LAVROV 8235 2 264226062 S 1R 5,387 415 CC 29449 - o1 + 1
102 2354 LAVROV 3235 2 264233902 9 13 £5,525 13 SC I5.35 = oL + 1
103 2354 LAVROV P23 2 274026389 S L8 1iel0. +13 LS 20400 = o2 4 1
104 2354 LAVROV B2BE 2 27.031984 O 18 1S o3P 215 05 S2eiL w &2 + 1
L05 2354 LAVROV 2IT1 P WML OPITNE 9 AT PTeZT® %I3 N6 5788 = o2 & |
106 23534 LAVROV RETL £ 28327778 9 17 DTell +13 U 8238 = .2 # 1
107 2943 1923 Cu IUUG 2 9021250 S 39 37,225 +10 44 41.32 + o1 G
1038 2943 1923 Cu RSUH 2 9036825 9 39 I0.204 +10 44 41,78 ¢ o1 O
135 2943 1933 uu B304 2 94592361 5 39 TL.4NE +10 A4 42408 % ei G
113 19e5¢01 2004 2 9.081250 9 34 T4.175 +11 22 ZL.G0
111 1925CG1 BC04 2 9.585805 9 34 33,850 +11 22 11.92
112 19235C01 8UOY 2 9792361 5 34 33.531 411 22 2,67
113 1985C01 BO08 2 15068226 9 33 30,965 +11 28 S6eC00
114 1985Co1 508 2 1DauTIB3I3 ¥ 53 ZE.608 *1% SF 58450
115 1925C01 8208 2 1LeCTT430 9 32 35.08C 41, 29 Ciel2
116 1985Cal BULLE 2 1iecS90c6 9 3D BU.9GZ #1371 5% 2E.S1
117 1955CC1 3715 2 114064583 9 32 UZe526 +11 35 11,28
118 i3a5c01 BGL5 2 1LeG7C138 9 32 42.316 +11 35 32.81
119 1935C01 - 8031 2 13.0337Z2 9 30 514943 +11 4d 31.60
120 1935Cut F5T0 2 134035888 9 I0 Z1.62¢ #17 42 33.91
121 1985CC1 8T31 2 134544844 9 30 S14300 411 48 25,19
122 1985C3 2052 2 154529861 9 29 C.431 +12 41 85.16
123 1935C01 3052 2 15.C35417 6 29 C.178 +12 Ol 47.41
1264 1935C2 5352 2 15.C40S72 9 223 59,345 +12 Ul 85.57
L% 1985C01 28069 2 160051389 9 22 4,343 +12 28 32,35
126 1985Co1 BL69 2 164556944 9 S8 G025 +12 08 264440
127 1985CG1 BC69 2 160062500 9 28 30723 +12 5S 35.34
128 1985C01 5087 2 17.056597 9 27 B+772 *1f 15 C7.7E
129 1585201 3087 2 17.051458 9 Z7 £.425 +17 15 06,53
130 1985C31 ROET 2 17..66315 9 27 64195 +12 15 11.66
131 1985c01 3108 2 18.253125 6 26 14,600 +12 21 40.58
132 1985Co1 BI05 2 124257986 S 26 144760 +12 21 42478
133 1985C01 B1O05 2 154060847 9 26 14e106 +12 21 64,79
134 1985C01 8123 2 19051736 9 25 21.04C +17 28 11.C0
135 1985¢01 8123 2 19.0565S7 9 25 2UeT7AC +12 28 12.69
136 1985¢21 8123 2 19.061458 6 25 2L.48G +1. 28 14443
137 1585c01 8101 2 20.049653 9 20 28.1RS +12 34 38.10
138 1985¢C01 814] 2 20.054lob 9 24 27.984 +12 34 40,09
139 1985C01 8141 2 20.053333 9 24 27.757 +12 34 42.00
140 1985¢01 3160 2 214054361 9 27 I5.550 +12 41 T9.76
141 1935C01 8160 2 21.06C416 9 23 36.579 +12 a4l 07.47
142 1925C01 3160 2 214065972 9 22 35,267 +1. 41 §59.76
143 1985C01 B1T6 2 22.GS55555 S 22 U4 .540C +12 47 27.77
144 1985C01 E176 2 22.061111 9 22 44.2%c +12 47 29.76
145 1985C01 8176 2 224067018 9 22 43.942 +12 47 22.00
146 19¢5C01 B196 2 26453125C 9 Z1 Cesh& +12 56 45,85
147 1985C01 S196 2 26403517 S 21 6.1U4 +12 5 57,22
148 1985Cu1 8196 2 24.039553 9 21 S.535 412 59 Ti.78
149 1935cel 8219 2 25.035417 5 20 17.935 +13 55 €9.43
150 19985¢a1 3219 2 25.5405972 9 23 L1TeLTZ +13 <6 T1.18
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PRFC[SI MI\IOR PLANFT POSITIONS OBTA[NED AT ESO LA SILLA IN FFBRUARY 1985

Table 1 (continued)

NO oLJECT PLATE OM. LAY ELFHA 1¢ir [ELTA 1950 PESILUALS
H M S £ ’ v M *
1531 19:25€a1 219 2 25.CHE8Z2T- 9 23 17447 +13 56 23450
152 1935CJ1 3035 2 2866522826 9 19 3l.6C6L +12 11 S6.56
153 198LCa1 3L 2 2€eZ26042 9 19 Ti.417 +13 11 S_..75
154 1983CG1L 8235 & JdGe8309C2 9 19 Zlel96 415 12 CU.46
155 1935C01 6255 2 27226389 9 12 45,79C +13 17 S¢.17
156 1535C01 8253 2 27.0531944 9 13 4T .EUT +12 L7 S5,38
157 1985C01 RIZTL 2 2cel222222 9 1if £e672 +138 23 445425
158 1935C01 8271 2 284327778 9 1° le421 +13 23 47421
159 1985CP1 8208 2 1Ce264236 9 27 55,971 +1o 22 54,00
160 1935CP1 ga08 2 12.47a832 9 27 LU 10 L2 5LL,E1
16l 1985CP1 BUO8 2 1L«GTT743C 9 27 554325 +12 22 s5.00
162 1985CP1 2915 2 114459028 9 27 4.4%. +12 29 £5.0
163 1985CP1 8215 2 110864583 9 27 4.1€2 +1. 2S5 07443
ley 1985CP1 SC15 2 114073138 9 27 3.895 +12 25 £6.28
165 1985CP1 3331 2 13.33323 9 25 224327 +1C 41 27417
166 1985¢CP1 8031 2 13.038388 9 25 224547 +12 41 Z25.U0
167 1985CP1 8C31 2 13.244u44 9 25 _.7“9 +1c 41 3570
168 1985CP1 8252 2 15.023%281 9 23 %9. +12 535 E€417
169 1985CP1 8C5< 2 15.03z417 6 .3 39.473 +12 53 [cel4
170 1985CP1 3C52 2 15.342972 9 22 394116 +172 54 ZC.33
171 1685CP1 BC69 2 16.0513E9 9 22 47.465 +13 UG 19.62
172 1985CP1 8IJ69 2 1€.53€984 9 22 47,201 +13 UC 2i.41
173 1985CP1 869 2 1642625C0 9 22 466933 +13 UC 23454
17y 1985CP1 8U8T7 2 17055597 9 21 S6e416 +13 (2 25,75
175 1985CPY 8087 2 17.061458 9 21 504197 +13 56 37.72
176 1985CP1 8087 2 17.566319 9 21 ©$5.944 +12 L6 25,61
177 1%85Cril 8105 2 18.0531c5 9 21 L4257 +13 12 4&.231
178 1985CP1 8105 2 134057986 9 21 64513 +12 12 438,16
179 1985CP1 8105 2 18.062847 9 21 S.781 +13 12 52417
180 1985CP1 8123 2 194551736 9 20 164299 +13 18 E£,29
181 1985¢pl 8123 2 19.056597 9 20 loelSc +13 18 59,55
182 1985CP1 8123 2 19.46145%8 9 23 15,928 +13 19 Ci.o0
183 1985CP1 8lUl 2 204889653 G 19 274213 +13 28 £5.852
184 1985CP1 814 2 20338166 9 19 2564964 +13 23 C7.53
185 l1985CP1L 8141l 2 224058333 9 19 2064777 +13 25 28.50
186 1985CP1 8160 2 21.U58361 9 18 ZE£.219 +12 31 13,02
187 1%85¢CcP1 8160 2 21.06C41€6 9 18 37.929 +13 I1 14.72
188 1985CP1 8160 2 214265972 9 138 27.06465 +12 I1 16445
189 1985CP1 Bl76 2 22+355%55 9 17 53137 *13 37 15437
190 1985CP1 8170 2 224361111 9 17 4%5.2A2 +13 X7 17.40 -
191 1955CP1 2176 2 22.c670148 9 17 494572 +13 27 1950
192 1985¢cpr1 8196 2 24.021250 9 16 17.37% +13 49 £2,70
193 1935CP1 €196 2 244235417 9 1l& 174395 +13 4G C4.04
194 1985¢ce 8196 2 244339583 9 16 17.253 +12 49 $5.37
195 1985CP1 8219 2 23.2354.7 9 15 31l.683 +13 L4 Sé6.7C
196 1935C#1 8219 2 25.385972 9 15 31.439 +12% 54 56,05
197 1935CP1 8219 2 254746527 9 135 31,180 +12 5% £Z.85
198 1%85CL1 EC08 2 10364236 9 28 51,774 +11 21 €3,.,49
199 1985CL1 8208 2 12.572833 9 22 514224 +11 22 0Ce47
200 193sCcal 85308 2 1C.377430 9 28 5054970 +11 52 CZ.43
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H. DEBEHOGNE and V. PROTITCH-BENISHEK

Table 1 (continued)

UATE UT 16385

NO OLJECT FLATL MON. UAY ALPHE L9CZC CELTA 195C RESILDUALS
} M < G ) te M *

201 1535C21 8515 2 1ll.3590C¢ 9 27 UEeeE3 +1]1 56 SELTD

<Jd2 1625C 1 BLU15 2 1i.064583 9 27 43543206 +11 C7 CC.32

203 1985C%1 8C15 2 11.C7C132 G 27 45,956 +11 07 02.00

Uy 19385C1 8031 2 134033333 9 25 364366 +11 16 5G.20

2115 - 1985C¢1 30331 2 134032268 9 25 I8.00C +11 16 57.6C

206 1585CL1 8C31 2 13.0H4444 9% -3 «612 +11 16 5%.28

207 1985C1 dizbs & 15729861 '@ 23 254,134 #11 27 ©0.19

205 1985C41 852 2 154035417 6 23 2924773 +11 27 Cie6hb

209 198501 BR2EZ 2 154040972 9 23 294403 +11 27 €3.37

214 198501 Hle9 2 106251389 9 22 254198 +11 32 C8.03

211 lgescal 8269 2 156.056944 9 22 24,533 +11 32 09,24

21z 19856C L1 G569 2 1640562500 9 22 244464 +11 32 l1ie.l5

213 1985Cul BLET 2 174056597 9 21 224078 +11 37 09.u48 )

214 1985C¢] 82387 2 17.261458 9 21 21768 +11 37 1Z.94

215 1925C11 SI8T 2 170566319 9 21 21.460 +11 37 12,29

<l6 1985C:1 21065 2 184352125 9 20 204188 +11 42 Co6.31

217 1985C¢1 8105 2 15.857986 9 20 19.895 +11 42 07.60

2173 1985C41 3105 2 184062847 9 2C 19.605 +11 42 (02.865

219 1985C¢l 8ld3 2 19.051736 3 19 18.978 +11 47 02.13

g 1985CC1 2123 2 194056597 9 19 12.665 +11 47 03.61

221 1985CQ1 8123 2 19..61458 5 19 184353 +11 47 5,306

22 1985C¢1 Bl4l 2 20.0489653 9 18 1€.813 +11 51 55.C

223 1985 CC1 2161 2 20.C054166 9 18 15.543 +11 51 56436

224 1985Ca1 8141 2 20.(52333 9 18 16.2858 +11 51 57.63

225 1985CC1 2816C ¢ 21l.254861 9 17 19.C% +11 56 45.34

226 : Y985€81 616 2 21.0602416 G 17 1584721 +11 56 43.01

227 f985¢cil 8160 2 214065972 G 17 1£4.273 +11 56 49,61

228 1985C21 2176 2 224255555 9 16 204594 +1: 51 34,66

229 1985CL To8l76 2 224261111 9 15 204281 +lc Ll 36.3C

230 1985C41 817¢ 2 22606701014 9 16 19.94& +12 (1 37.75

231 19| iy 819¢ 2 24.5312580° 9 14 284650 +12 10 S1l.45

232 kogs Gt 2196 2 244035417 9 14 ZLeHlE +12 10 52.&5

233 1585C(1 3196 2 284.039583 9 14 ZoelE6 +10 10 S3.20

234 19856.1 2219 2 254C35417 9 13 23.599 +12 15 35.69

235 1985C21 3219 2 25435482972 9 13 22,292 +12 15 22,25

236 1985C.1 BZ19 2 25.0486%27 9 13 32.986 +12 15 33.80

237 1985C«1 BZ35 2 264220486 9 12 L4791 +12 19 S57.83

238 1985041 8235 2 264122082 5 12 UZ.476 +12 19 59,40

239 1985CL1 3235 2 2642303902 9 12 4T.201 +12 20 GT.71

240 1985C.1 3253 2 274026369 9 11 4ELL1ES +12 24 27.3

241 1925C¢1 8253 2 27.031944 9 11 47,900 +12 24 22.30

au2 1982Cal G2TL 2 28elZ22222 9 10 574297 +12 29 19.84

243 1925C41 8271 2 284027773 9 17 574014 +172 29 21,36

244 7006 3123 2 194051736 9 20 S¢.605 +11 40 13.03 - .2 - 0

245 7006 8123 2 194356597 9 20 564676 +11 40 12.20 - +C - ¢

245 7306 3123 2 19.3614% 9 20 5064698 +11 40 13.¢ =~ «C 0

247 10007 2135 2 124353125 9 21 54264 +13 19 56466 = ou + (

243 7207 SIS 2 1&.T57%9c6 G 21 S442f1 +13 19 S6.68 - 0 + (

£49 7007 8l8S 2 1840623847 9 21 544252 413 19 S56,5C - C +

256 7047 3122 2 1940351736 9 21 S6442U48 413 19 56432 = oC + O
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PRECISE MINOR PLANET POSITIONS OBTAINED AT ESO—LA SILLA IN FEBRUARY 1985

Table 1 (continued)

No O0zJ:eCT PLATLC
51 7007 8123
252 7297 3123
232 1038 2123
254 T8 8123
295 7008 2123
56 7098 c¢l4l
257 7C08 3141
9% 7008 314}

=

N RN NN

UATE LT 1285
MG, FAY

15.256597
19.561458
19.551736
19.254597
15061453
2Je549653
2ueSl1LE

R T 7
2Ced53333

V) O 0 WO 0O

ALPHA

21
21
24
24
o4
24
24
<4

195¢

54,214
54,226

1.218
1.229
iel1€2
1.2{;,

#2213

t oy oy
Iedds

¢

CELTA
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Table 2 (continued)

OBSERVATIONS

31

34

37

40

43

46

49

o
a8

58

3

4y

47

53

w
a-

59

33

36

39

51

54

6U

NO SAQ

98544
28580
?855C
%8527
935C€
236382
8701
38636
98679
8671

92647

93669
96656
52652
Ss60Y
93632
95636
98641
9E6ZY
Fa602
28592
78591
PE624
98609
98631
5564
I£3595
Je6C9
28624
78609
96580
93592
93622
98595
98609
98591
93607
58605
6609
98595
96550
98580
78595
98591
e544
986862
98679
98671
98653
8669

POSITIONS UsSED

S
+16.3083
+53.376
+36.977
+29 636
*29 « T25
+15.956
+17.705
+25.49¢
+574323
+47.756
+404530
+4L W T8Y
+35.721
+17.012
+28.254
+58.791
+1741585
+55,.,961
+37.08C
+22.601
+47.759
+t43.744
#3780
+HUe63¢€
+564395
+5Ue746
+39..447
+40.636
+37.080
+40.636
+53.37¢6
+47.759
+22.601
+U9.447
+40.636
+43.744
+334419
+09.0644
+42.636
+U9.447
+36.977
+53.376
+09..447
+43,744
+16.583
+15.956
+57.829
+47,.,758
+22.404
+40.085

1C.83
Jbel6
CT7.03
27431
43485
16462
14419
3d.0C
53e52
15.3C
12.28
2.1
T4 .42
41430
45,77
Jl.24
49452
34475
45.838
44,26
C5479
37.24
45.88
Iya51
22430
14.97
1C.14
34.51
45438
34451
CEeléb
25.79
44436
1C. 14
34.51
37.24
2734
56433
34451
1Ce.i4
07.63
06.16
13.14
37.24
10.83
1662
5352
15,30
42.57
25.C1

-n.0C1
+2,.,016
-0.04C
=007
+114031
-C.0C08
+0.001
“0sG 22
*#,0357
~0L.008
+0.,C1C
~-C.010C
+0,011
e ST T
+C,014
=Caid%
+0,0 39
-C,011
-C«005
+E 5205
s 833
+C 048
+L.012
-« 36
+0,3069
=G4 Q30
+L.044
-C.C1l4
+0.013
-0,013
-C.U37
+0,036
~1e312
+C.018
~Z.00¢%
+C.041
+0.014
-C.013
+2,007
-C.349
+C.003
-C.006
+0.0C8
-C.,004
-0.001
-C.038
+0,020
-C.00u
-0.027
+C.045

-0.06
+3.17
-0.C1
=C.L9
+C L5
~La1l
+C416
+J.00
“Ca12
+2.03
'GcC2
=5eCH
-G.C1
+C L5
=0.CS%
.ZQ
«33
-0.16
+Ce27
-2,09
+C.17

{4

“U.23
+C .01
=082
+Ca76
-0.09
+0.22
-0.37
-J.36
+0.05
-3.05
+0.57

~

5 ol &

+

R
Ul

+5.03
“Oolq
~C.04
+C0.21
-L.01
+C,21
0.2
+C.12
+0.19
-0.10
+0.03
+0.01
~0.03
+0.04
-0.04

C.22

SITAR RESIC
<

-C.002
+C.015
-3.03%7
-CeJ12
404020
-C.005
+CeU06
~Cel15
+0.3C9
40005
+C.016
=L .T15
‘L‘JI ".]1“

~0.C30

D iy N -

+ + 0+

oo oC
e o

YO O

Oy O 1) O Ui

~N

~Uel
+C.0006
~C 034
+0.C49
=0 +013
+C.C1l4
=Cel1l5
~Jeli29
+5 4035
~0.C11
+0 4005
+0.0C0
+0.029
+0.015
~0.008
-C.001
-C«035
-0.0CH
+0.0C8
-0.,003
-C.0023
+0.002
-C.023
+0.001%
+0.014
-0.025%
+0.033

+C.0G
=Cell
+C e 27
+C .04
=0 s:21
+0.07
-0 o 22
+C.24
+0.24
=0.32
+T .02
-Ce.C02
=C +0C
-C .04
+{.C4
=L ald
-Co47
+C.43
= 22
+0. 3¢
-Ce24
+0 43
+T ¢ 35
~Cas 58
+C. N3
~Cel47
+C .69
-0 30
+C.19
=Nal2
-C27
+0.09
-~ 05
+0,36
-Caell
+0417
-l «2%
-C.10
#1435
-C.17
+0,.,10

-0.19,

~0.04
+0.19
-0 .06
+0 404
+0.20
~0.434
+0.22

-0.12

UALS

-0.0C0
+0.017
-0.043
-0.C05
+0.031
-0.007
+0.003
~0.012
s002¢%
~C.0CC2
+0.C21
-0.CiC
+0.C017
-0.C48
+0.03C
-Cel43
+C.037
+C.CC1
~CeC1i%
+Cl.021
=Ue025
+0.039
+C.019
-0.,0329
+0.00¢
«BeB27
+0,040
-Be L1
+0.011
=0 012
-0.037
+C.048¢€
~0.014
+0.009
+C.001
+0.032
+0.014
~0.009
+0.C032
-0.039
~0.031
+0.002
-0.002
+0.,001
+0.000
-0.033
+0.013
+0.003
~0.026
+0.043

-0.C3
—Celd
*+0e3G
-LeC7
~Cell
=5.C02
+C.C6
=0.22
+Ce23
+L.C1
~LeCl
+L.CC
+0.C9
-CeC5
~0.C2
=Cel12
~Je38€
+Ce37
-C.2¢
+L.32
=Cel9
+Lw 8.2
+C02C
-Ca36
+0.02
=Lwtlh
+Ce65
-Cel5
+Le19
~Ce.24
-Cel1
+0.19
-C.08
+C.48
~CelE
+Le6
=029
~C.Cé¢
+Ce32
~Ce.CHl
+0.20
=-Cs+40
+L.15
+Celt
=C.09
~C.07
+0.15
-0.19
+0.05
+0.05

+0.984612
+C.53435¢€9
+(.129523
~GeltoT677
-C.18C¢&27
-0.255576
+0.1C4655
+0.446550
+Ce251169
+0.,412763
+0.160:01
-0.215744
+C.258306
+0.44482C23
+0.252429
~0.224153
+0.1893C8
*CLETTIENT
+C.631C24
~0«463356
-0.2224¢81
+0.0G085C
+C.661364
+0.,54501C
+34115157
-0e269428
+C.N33511
+Cl.4BELZE
+3.2628852
+0,4386293
=Ge79859
04164327
-0ie 133215
+C.250889
+1.027154
+C0e244655
~C.0482CH
+047433C5
+0.,051358¢
+0.L08386
-0.7413C8
-0.299681
+0.552474
+0.599995
+0.689120
+0.158938
-0.171239
+0.064156
+0.481015
+0.,467129

DEPENDENCE S

+2.9385128
+0.533432
+0.129425
-0.4867530
-0a 130E09
~0.2554¢€5
+04103297
+0.446872
+04291455%
+C.412860
+041062111
~Ce 21 T2327
+0.258647
+5.4450588
+0,251519
-fe28684121
+C.1a38482
+0.876121
+C0.6c1403
-C.l61228
~Le321962
+0,C01385
+0e€61171
+0.544925
+04.114511
~Ce2TLTS0
+0.0353C3
+0.437949
+0i2590°9
+0,458039
-0 .07¢5€64
-J.164566
-0.134306
+C.351C%6
+1.0267¢€1
+0.2046294
-0 LU49923
+0.745207
+C.04559u2
+0.0C84¢8€0
~0.741526
-~0.099729
+0.,5518R6
+0.599620
+0,689740
04158099
-0.172318
+0.C63961
+0. 482466
+0. 467792

+0.985574
+0.5327C8
+C.129346
-0.467407
-C.180221
“f 9255255
+C.101922
+C.44627C
+0e2516%1
+0.414812
+0.163484
=0.218927
+0.258972
+0,445915
+0.250585
~0.284146
+C.1879¢€9
+0.,87451¢2
+0.681955
-0.460289
~Ce321449
+0.0019¢1
+0. 660824
+0.,54492C0
+0.113724
=Ce271327
+C.0370Ce
+0.489858
+0,254649
+C.4853818
~0,C781F¢
~0e16416C
~0+1353€2
+Ce251354
+1.C263%4
+0.247998
“C.051838
+0eT46799
+0.04821C
+0.C0882¢8
~0.741240
-0.100C59
+0.551672
+0.599394
+0,690222
+0.157342
~0+173620
+0.063863
+0.483893
+0.468521
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Table 2 (continued)
OBSERVATIONS

51 62 63
64 69 66
67 53 89
70 71 72
73 T4 75
76 T7 73
79 83 81
82 33 54
88 36 87
88 89 90

NO SAO

93632
92671
98653
93669
83647
98627
95647
98632
95653

35669

95632
96636
93641
3644
98622
8592
98627
98612
P62
593
:0197
5593
1c59n
E595
9E592
9593
%8580
9£592
962
98595
96530
98593
95592
98591
936C7
98550
587
23592
32594
9558C
98544
98530
98550
93547
98528
98528
98527
50c0ce
98550
8544

POSITIONS

S
+584791
+47.758
+22.404
+432.085
+43 4530
+14.916
+4( 4530
+52.791
4224408
+4C.08¢%
+53.791
+17s15%5
+5349061
+3T7 «ubBZ
+22.601
+47.759
+14.916
+49 4,050
+22.601
+43.,929
+47.,759
+48.92%
+50e740
+U9.447
+47.759
+48.929
+53.376
+474759
+22e6U1
+09 447
+53.376
+438.929
+47.759
+43.744
+33.,419
+364977
+58.,802
47,759
+5Ce7H6
+534376
+16.063
+53.376
+36.977
+29.636
+294.725
+29.725
+29.636
+01.206

+364977
+16.uU8B3

usep
e

0l.24
15.30
42.57
25441
12.2

17.C3
:'1—8
Jle24
42.57
25.01
Sle24
?.82
34,75
45.88
436
58«79
17.53
12,02
44436
12.96
25.79
12.96
14.57
1C.14
BEBeT9
12.9¢6
Deel€
35.79
44436
1l.14
Cobelé
12.96
25«79
37.24
27 .34
0723
250
05.79
14.97
CEelb
104563
J6.16
07.03
27.31
48.85
48.64
27.31
30.85

C7.03
13.83

+:ileld
+0.007
~Ta045
+0.0E88
+0,019
=036
+CW 008
~LaBUZ
-C.015%
+C.002
+C.008
+2.5004
~0.037

+0,03¢
-L.015
+0.312
~C.032
-0.C17
+0.051
+0.014
-2.016
-C.006
=Be0U3
+0.013
-C 034
+3.031
-C.C31
+0.016
~0.,04C
~C.007
+0.031
+C.C3C
~-2.008%
+0.019
-N.N3E
-C.003

STAR RESIDUALS
‘e < '
+0s16 404,023 +0,21
~Le06 =0.0C3 +T.15
-C.CC =-0.010 =-0,40
40621 #0027 +0416
=0e30 =-060237 ~C,12
G084 +0.012 +0,248
=0e27 =0Wi25 -0,49
+0.15% ~-0.CC2 +C.04
=0s18 -0.017 -0.31
+0 423 +C.026 +2,48
=0.0% =T.042 -C,10
~Ce39 404037 -Ca47
+0433 +3.0CC +C .42
“Uelb =0s015 -N,22
+0.27 454020 +0,36
~“Ce27 +Cel12 -C.05
~0el3 =0eCU0 +T,22
0«01 +0.055 -C.22
+{0.32 42,011 -C.C7
+0.20 ‘Q-U3h”*C.15
+0 409 +Z.0C9 07
~CelH -0C0CH ~.D5
=Celb =0e0186 ~C,13
+C.02 +2.002 +3.02
+0.C9 45,0052 +0,0L7
+0415 ~CoU09 +5,07
=033 =0e0Zl =724
+C 09 +0 044 +C,13
-0w 1% =34L06 =C4i10
+0e625 =Co0C8 +0 414
0453 =020 =N.52
=007 =0eL15 =09
+0e37 #0004 +5, 40
40449 404,015 +0.45
=0.25 =-0.015 -0,25
-C.L8 =-0.,0C0% =-C.09
+0.01 +0.0UCL +CL0CL
=CeC8 =-0.013 -0.11
~Cel® -Ce322 -C,19
+04348 +0.C29 +C,.38
=0.01 =-0.0C2 +C,00
-0.06 +0.015 -0.11
+0417 =0.027 +C,27
~0el1 ~0e012 +C.04
~C.C? +0.036 -C,21
-~CelC +0.031 ~-C.0L
+0 .08 =0.CC9 =-C,10
~C«C2 +0.019 -Cs11
+Ce01 =-0.037 +0C,25
+0.C2 -0.003 ~-C.03

o
>

+C.024
~0.CC6
~CsCUG
+30.029
~CeC41
'00009
=-0.
u.b_Z
=0 006
+0.010C
-CeC43
+0.037
+0.001
-0.01°%
+0.021
+0.005
-0.032
+0. DUL
+0.,012
~B3Bak
+C0.CC9
~0.004
-T.Cl7
+0.0C02
+C.009
-C.007R
-d.031
+0.054
~C.C1lI
-0.C0u
=D«022
-0.C12
+C.C53
+0.C16
~0.014
=0 o011
+C.L52
“0.012
-C.024
+0.Cl0
=0 «C0L0
+0.017
-0.043
-0.C05%
+0.C31
+0.04C
-0.018
+0.013
~-0.034
-0.006

LR

+CelZ
~0.C7
+L. 04
+0417
“0e26
+C.71
“Ce51
“le 52
-Lel?
+0.66
=Leld
-Ce38
+C.27
u-g[‘
+0.33
+C.01
+C.€7
71
-0, 25
+0eZ7
+Le0¢

-C.C2

-C

+04152638
~002230¢9
+Cel118611
+0,3997123
+Ce361040
+30.1179C1
B eb2E L
+*Re2 72172
“De2b6197
+C.21C563
+Ca24177y
+0.237264

C.C0%88°%4
+CL.021250
+C 22275y
+0.340678
+L «2352991
~C. FQ?FQ3

1
-
0‘
('

u
)I)H

+
o]
-
N
s N
~
(o]
-J

+(,1%6116
*7.197679
+0, 1021
+U0e34324%
+0a. 304574
+0, 240208
+0.1930¢€¢8
~L«CE1T7ET
+{ie 252745
*albBeds
+e 191258
+C..1%78l11
+2,20%611
~0a1161l4s
+0.7040¢82
+0.,27401¢8
+Ce123650
+0.014359
+G.02C572
+0.1362324
+0.633999

+0.312579
-0.103474

CZPENDENCES

+C.,15386¢6
~0.033289
+241182679
+C,.39917C
04361574
+Cell18683
+C.56€16C8
+0.272531
-C.26E1E1
+C. 710410
+Co 741696
Ce22bB49
+0.09T7493
+0.0216338
+Co302C25
+Ca241393
+0e2521438
~0.042113
+5e514095
=G 205517
=1ef02610
+24.274H5CS
~1e 882071
2.S44727
#leSee eIl
+ T 297583
+Ce18TECS
+ w1 9935TE
+o152483
* e b 20N 3
245177
2934
Cec4ll2be
{al192980
=0 LE 5369
+04238724
CeleSCtke
+0.,191C31
+0. 15744,
+C0.20°747
-C.11852C
Cie 703222
+0e27361C
+Ce123938
Cal14752
+0.021c0Q
+3.136726
+0,632658
+3.312249
-0.102843

+

*44
B

#

+0.155136
~0e034064
+0e119765
+0.4398345
+C.3€1817
+C.1196C9
+0.566£75
+0..273356
-0,269722
+0.30%8ED
+06341026
+04236310
+C.3960LR5
+i0is € 22 5%9
+047033°F1
+0,342029
+Le251400
-0.,04229%1
Ce513427
=J.08457¢
=1.561777
+24267264
~le&TS3ET
+ 2531657
<1 561TTT
+00297¢69
+0e1882¢E5
+064199571
+0.,19126¢
+0.122076
+C 347068
Ce302850
+D,24M24])
Cel1350T5
-0.T3ECHS
*2 257783
*L.12827
+0.197¢04C
+(Ce207CEE
+0.20506¢2
=J:1155CS
+0,722611
+0,272800
+0.124104
+C.014985
+C.C21742
+0.,136982
+0,6315%6
+04312C18
-0.1C2298
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Table 2 (continued)
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g Table 2 (continued)

OBSERVATICNS NO SAO POSITIONS USED STAR RESIDUALS DEPENDENCES
S *e s ‘e S e S e
119 1206 121 98632 +58.791 0l.2% ° -Ce021 40,23 -Ca028 +C437 ~0.020 +0.2 +0.,240587 +C.240965 +C.241357
98647 +40.53C 12.28 +0.003 -0.05 *0007 ~0412 +4Co002 ~0.10 +0, 448472 +0,4411085 +C, 437943
98636 +1T7.155 49,52 +0,036 -Ce31l +0.031 -0,28 +0.,038 ~0e23 +0.145482 +40.146262 +04147071
98631 456395 22430 -0.001 -0.C8 +0.C11 -0425 ~040C% -0.21 +0,078888 +0.080711 +0,08234]
98641 +584961 34475 ~0.,017 +0418 -0.022 40428 ~0.016 +C.23 +0.,090572 +C.050917 +0.09132¢
1247 98631 4564395 22.30 40,061 =027 +0.052 -0439 +0.032 ~De51 +0,384025 +0.337443 +0,20267¢
98632 +584791 Cl.24 ~-0.002 #0427 40001 +C4C6 40012 =0o37 +0,022971 404021339 +0.01541¢
98627 +14.916 17.33 -0.072 -0.06 ~0.066 +0,40 -0,058 +1,18 =-0,010166 =-0.010817 -C.011427
98612 +49.050 13,02 +0,052 -04C9 *+0.046 -C431 +0.03% =0.65 -0,C08116 -C,003169 ~0.00202¢C
98622 +22.601 4436 -0e039 +0e16 =0.034 40,25 ~04022 4Ce35 +0.607285 +0.609273 +0.,£11354
125 126 127 98592 447,759 05,79 +0.0C8 +0.09 +0.C39 40,07 +0.009 +Ca0E -3.094C06 =F,085717 =3,L77642
98593 +484929 12.96 -0.003 -0.C8 -0.004 -0e03 ~-0.0C08 ~Le0T3 +3,881205 +3,87229C +3,R6277C
98594  +50.746 144,97 -Ce015 -0416 =Ce016 ~0413 ~0.C017 =Cell -3,244218 -3,226914 -7,226324
98595 +09.447 10.14 +C0.002 +0.02 +0.002 40,02 +0.002 +0e02 +6.551205 46453603 +6,521301
98592 +4T7.759 05,79 +0.008 +0.09 +0.009 40407 +0.00% +0CeC8 ~3.0940%6 =3,035717 =3,077e43
128 129 1340 98593 4484929 12.96 +0.004 +0.15 ~C40C9 +€,07 =0.008 +0.05 +0a136%513 +0,137119 +0,127284
98580 +334376 06416 ~0,037 =0.33 -0.021 =C424 -0u031 =023 +0,015192 +0,020148 +0,021088
98592 +#U47.759 (5,79 +0.036 +0.09 +0.044 +0413 +0.058 +0e29 +0,142291 +0,143505 +0,14391%
98622 +2Z46UL1 44,36 -C.015 =0415 =0.CCH5 ~0610 ~0uC1C -Cell  +0.500560 +0.495050 +0U497E77
28695  +79.447 Delt +04012 +0425 -0,008 +0424 -04004 4013 40200144 +0.2000264 +0,200140
134 i3z 133 IB580  +53.376 JE.16 =04032 =0e53 ~Col30 -Cab2 -0,023 ~5a58 +001928T7 +0,021501 +U.022979
8923 +456.929 1296 -Co017 -0aC7 =CeC15 -0.C9 -04012 +0a03 +0.442518 +0,44119C +0,430968
€8592 4474759 US479 +Ce051 40437 40044 +0oll +C 078 +Lel7 +0,231C06 +0,231003 +0.2309¢€5
98591 +4Z.T744  37.24 +0.,0148 +C.49 404015 40445 +04016 +Ce65 +T.0U5219 +T,0UETTE 45,0473228
98607 +32.419 272 ~Ce016 =025 ~CedlS -Ca25 -0.01L =028 +C.261519 +7,260265 +0,258764
134 135 138 98592 4474759 C5479 40,005 =04C3 +0e0G11 ~Cel2 +04CC8 ~UelS +0eF1630 +0,L4ECQ20 +0,4670%3
98594  +50.746 14497 -0W0D20 40420 -Co0C6 +Ce21 -0 UC2T +4C.2C +0,2387C1 +0.237512 +0.2361C5
38580 +53.37c D6e16  ~Ce005 ~CeC9 ~CelC7T ~Call ~CalUT =CoB7 +0,472778 +0,4TETUE +C0. UEL1L4E
953595 +09.447 Gell  -~To011 =0422 -Call4 ~0425 =0.018 -Calf =C.039393 -2,1010%5 -0,.10299%
FbRIL 43,784 37,24 #0011 40,15 40017 +0.16 +0eC1% 40410 -G.103776 =-0.100601 -0410132%
137 133 139 8544 +164083 124,83 =C.301 =0.C1 =0.0C2 #0400 =C0aC000 =Co02 =0a062007 ~LWv0a1467 -0 0605427
GEE80 453,376 J6elb +CeT16 -0e06 +0a015 ~Coell +Ca0l7 ~Coell  +0C.8372C4 +0.F2TI0RT 4(,832271
985ET 4364977 DT7403 ~C 040 #0417 -Ce037 +Ce27 ~0.047 +5s39 +0,276775 +0.276651 +0,276505
9882 +294636 2Te31  -04007 ~Cell ~0e012 +Ce0U -0sC05 =Le07 +0.CL6570 +L.0016996 +3,020148
98528 +294725 48.85 +7,031 =CeC9 #0036 -0021 40,031 -Coell ~0.06EL57 -Nel0706b6 =0.CLT9E2
Ly L4l 142 ?5528 +29.725 4B.EU +C 030 =010 #0031 -0Ce0l +0.040 =315 =0.074251 -C 077049 -6,C72.71
96527 4254626 2731 ~0.008 +CeC8 =-0elCY -Co1C -0s0LlE +C,08 +0.C16502 +C.C2C109% +C.0203¢9S
530008 +014200 3C.85 +Ce019 -0e02 +0+019 -Cull +C.018 =Celi7 +0e770798 +L 764088 4D, TOHUES
98550  +36e977 G7e03 ~-04038 +0.01 =Ce037 #0425 ~0.034 +Le12 +7.325166 +0.324385 +0.724604
8544 4164083 10483 ~C.003 +0.02 -CaBC3 -0e03 -0.006 +5.02  ~0.041115 -0,0455812 -0G,03%781
143 44 145 98527 +429.636 27431 -=C.016 +0.C7 -G.014 +C408 -0.,000 -0ol2 +0.064473 +0,004757 +0.068CED
98528 +29.,725 4B.84 +0,038 -Cs18 +04040 ~04l6 +0.022 +L.0 +0.0197€8 +0.Cc0316 +0.02083)
8544  +16.083 10483 =04005 +C+02 -04005 +CaB83 -Cua001 =L +2,087885 +0,086%69 +0,N08932¢8
5000G8 4014206 30485 40019 =0410 #0023 =Ca07 +0.019 =Lol9 40555397 +3.554189 +0.552913
98550 4364977 07,03 =C0e03% +0.18 ~0u0US +0412 ~0.040 +Cel1 +0.272476 +0.272169 +0.271865
146 147 143 98550 4364977 0703 =0.019 ~CalS =0e019 =068 ~Col07 =02 +C.UBHIOY +0,453207 +Ca482159
98544 +164083 10483 +0.008 #0443 +0.009 +0.59 =0.005 +L0e38 +0,335C03 +0.33u4874 +0.33u4732
98520 +34.704 29.69 -0s018 =0.53 =0e017 -0478 +04000 =-0449 ~-D.040104 ~0,C39205 -GC.C3R201
98528 +29.725 48.84 +C.042 +0419 +0.038 +0,46 +D.0:27 +0.248 +0,160317 +0.1603C7 +0.16C2€8
e8522 +41 .700 tn_3> ~0.MN13 +N.37 =-0.011 +0.41 -0.020 +C.29 +0.060590 +0.06NR1T7 +0.0610727
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Table 2 (continued)

OBSEPVATIONS NO SAO POSITIONS USED STAR RESIDUALS CEPENDENCES
S L S *e S . S .
149 150 151 938520 +34.704 29469 +0.,026 -Ce78 404011 -0D,49 +0.026 —-U.4% +0.591958 +0.5920C4 +0.592358

98528 +29.725 48.84 +Ce017 +0.58 +0.020 +0.356 +0.C05 *C.40  +0.650772 +0.649776 +0.648692
86527 +29.636 2T7e31 -0e052 4022 -0+038 404,15 ~Ca037 +C.C4° +0.469514 +0.468586 +C.467488
98515 +13.845 17.81 +0.040 -0.065 +0.023 -0.42 +0.03% -0Ue34 -0.334473 -0.334317 -0.334090
9851 +33e367 14436 =0.s031 4063 ~0e016 +0,480 =CoCl7 #0435 =CWo377771 -CWu37€048 -Ce374449
152 153 154 98502 +05.207 03,18 -0.022 4047 -0eG31 +0.37 -0.C28 +Celb ~-0.022687 ~-0.021782 -0.0209326
33501 +03.367 14436 +0e025 -Ce26 +Ca037 ~0.27 +04031 -0.08 ~-0.290466 -0,285458 =0.268571
?8520 +34.704 29469 0,004 -0e33 +0.002 ~-Cul13 +Col0l =Lel2 +5.85754]1 +0.E5T452 +C.B573C3
98528 +294725 48484 +0.,005 +0.38 +0.013 +C,.15 +CeCC7 +Coll. +CeS23465 +0.,522257 +0.521144
78522 +414799 10.32 ~0.011 -0.27 -0.C21 -0.06 -0.014% ~0.1C =D.C67854 -0.068469 -C.068940

155 156 98502 +05.207 03.18 =-C.05C -0.08 -0.056 ~-0.24 +0.142729 +C.142542
985C1 +03.367 14.36 +0.,016 -0.55 +C.004 -90,4! =0+125551 -2.125296
98520 +34.704 29.69 +0,010 ~-0.05% +g.C10 -0.01 +0.995403 +0.%94¢€2¢€
98822 +41.799 10.32 +0.004 +0.30 +0.012 +0,.27 +0.062703 +C.0617C8
98485 +564022 29.18 +#0.019 +0438 +04030 +C,39 ~0.075284 =-0.0G72983
157 158 98501 +03.367 14436 +0.040 -Ce31 +04C39 ~-Co21 +C.238723 +C.335C80
S84T3  +37.794 28.74 =(0.005 +0426 -2.002 +0.16 =C 437911 ~C.b36784
98497 +54.407 18.11 +0.008 +0e24 +04213 +0.14 +LC.65278C +40.653223
93475 +04.148 10.70 +C.005 =034 +C.001 -C.20 .+0.003583 +0.004353
98502 +USW207 03.13 =CeCH49 +0415 -C.05C +Ca1c +C.441815 +0.0441118

159 160 161 36641 +58.961 344,75 +0.005 40,15 +0.004 40420 +0.002 +Ce1% +0,307366 +C.3CT7160 +0.206922
’ 98631 +564395 22430 ~“Ce013 -CeS50 -Cel37 -0.69 +0.000 —Cel7 +0.,069316 +C0.068485 +L.C6T7T737

98592 +4T74759 G579 +0e006 +3.09 +0.G08 +3.06 +0.007 +0.08 +L.2106C48 +0.211129 +0.211662

38594 +50.7456 14,97 -0.009 -0.24 =C.008 -C.28 =-0.006 =~C.2 +0,320251 +0.,321133 +0.222019

98622 +22.6U01 44.36 +0.012 +0.50 40003 +0,73 -0l 004 *Cel47 +0.092462 +0.092C092 +C0.C9166C

162 163 164 28592 +7,759 35.79 ~0o013 0412 -0e014 -0,17 =0.017 =Cal6 ~0.031427 -0.03C0117 -C.028667
93594 +S0.T746 14.97 +0.014 40,20 +C<015 40,27 +0.020C +0427 +C.DEU0CS +0.034749 +C,C85467

98591 443,744 37+24 +C.C54 +0403 +04054 +0,12 +0.049 +Ce06 +0.212819 +0.2129735 +0.2122¢61

98595 +09%.447 10.14 ~Ce065 =0el13 =Ce065 =0,26 —-0.062 -Cel8 +0.2T74478 +0.274814) +0,273727

8622 +22.601 44 .36 40,010 +0.C1 0,010 +C.03 +0.009 +0.02 +0.46C124 +0.456293 +C 456612

165 i6é 167 98580 +53.376 (6.16 =(1a026 =C+08 =0.024 -0.11 -0.,026 =508 +0.,U82647 +D.486E95 +0.91274
38592 +47.759 05479 +0.015 ~0.02 +0.012 -C.03 +0.,000 -C.06 +0.063644 +0,061307 +0.055058
98594  +50.746 14«97 +0e019 40417 +0.020 40,24 +0,043 +0.24 +0a114¢15 +0.1132484 +0,111712
988595 409,447 10ell4 -Ce(059 =042 -0e055 -0427 -0.062 ~0421 +0.071689 +0.0658u45 +0.,068007
98591 +43.,744 37424 +C.051 +0.14 +0.047 +0,17 +0.044 +0,11 +0.2674CS +0.262709 +0.269948
ZC007 +544222 56433 -0.009 =Cel2 -Ce010 ~Cua30 -Celll4 =0e29 +0.2715594 +0.316275 +0.316968
98550 +364977 07403 +Ce008 +Cell 40009 +C,27 #0.012 +0.26 +0.215643 +0,216172 +0.216669
98592 +47.759 D5.79 ~0e003 -0412 -C.005 -0.26 =-0.011 ~G.3C +0.118169 +0.,117672 *O£117179
98594 +50.746 14,97 ~Ce013 ~0.06 =CeJ1ll ~0,17 =0e.010 -0el09 +0,145731 +0,149297 +0.148877
38591 +43.744 37424 40,017 +0419 +0e017 +0,46 +0,022 +0.42 +0.,200863 +0.200585 +0.2003C0¢6
173 98550 +36.977 Q74C3 -0e00S5 -C0e08 -GCelll -Co06 -04006 =Ce09 40957859 +C.$59350 +0.96C8TH
98580 +53.376 06.16 +04011 +0e13 +0.039 +0.,0% +0.013 +Cel9 -0.1032123 -0,103950 -0.104478

98594 450,746 14.97 -0,033 -0e52 ~Le053 ~Co86 ~0,033 -0.5C -0.36594]1 -0.366906 -0.36£398

98595 +09.447 1Cell +0.042 +0.7C +0.037 +C.75 +0.038 +0.59 +0.022061 +0.021777 +0.02130%

98609 gun.s:e 34,51 ~0e014 =023 ~0.012 ~Ce25 -04013 -Ce20 +0.489244 +0,489809 +0.490692

174 175 176 98580 +53.376 06.16 -0,028 =048 -0.010 -0,3] =-0.023 -0.48 +0.,070932 +0,070713 +0.D0704R9
98550 +364977 07.C3 -Ce012 +0+16 -0+021 +0,05 -0.018 +0.09 +0.360427 +0.360713 +0.361150

98592 +47.759 05.79 +C.039 +0.14 +0.039 +0,18 +0,045 +0.25 -0.080314 -0,.080780 -0.081250

98595 +409.447 10.14 ~Ce017 40,22 -0,031 +0,06 ~0.0.7 +0s11 +0,056723 +0.056465 +0,056091

500007 4544222 56433 +0e018 -0.04 40,023 +0.03 +0.,023 +0.03 +0,592232 +0.592889 +0.592521]
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Table 2 (continued)
OB SERVAILONS

L77

160

183

186

183

192

195

198

2C1

i78

131

i96

rJ
o
ro

o
e
v

179

182

138

191

194

197

203

NQO SAO

98544
98528
98527
98550
98580
93520
98522
98527
98550
98544
98544
93550
9e527
98528
08520
98520
98528
98555
9e544
98497
98489
98528
98485
98520
96544
98486
S8497
SE455
98520
96473
98473
98475
98486
8497
984ES
96629
98628
98612
93627
9£632
98612
985973
98627
93628
98629
98622
98583
95593

98612
98628

POSITIONS USED

)
+16.082
+29.725
+29.636
+36.977
+53.376
+34.,704
+41.799
+29 5306
+36.977
+1643083
+16.083
+36.977
+29.636
+294725
+34.,704
+24,704
+29.725
+36.977
+le.083
+5464U7
+12.297
+29.725
+56652¢
+34.704
+1643863
+044279
+5444C
+566322
+34,7CY
+37794
+37.79¢4
+04 1406
+04,279
+S54.407
+56.0622
+38.776
+25.324
+49.553
+14.916
+58.791
+49,350
+4849529
+14.916
+234324

+38.776

+22.601
+58.800
+42.929
+49.050
+23.324

*e

10483
48,65
27+31%
07.C3
06416
29459
10.32
27431
QT3
12463
1083
2T+83
27,31
42 .85
29.69
29469
438,84
0703
104563
15e11
44 .26
48,84
29.18
29469

213463

42.94
13.11
2G..8
29469
2874
2374
1Z.7C
42,94
18.11
29418
§2.23
45424
1302
17.03
0l.2
I.02
12.96
17.C3
45,23
52483
444,36
12.50
12.96

13.02
45 .23

S
~-0.007
+0.C40
-D.024
~te018
+2.006
~0.010
+04014
-04335
~0e0C6
+0.002
+C.001
~Ce004
~0e010
+3.02C
-.007
+Ce325
+0.0326
02458
+C.021
-C.C34
~:023
+CL.021
+0.0C6
+ B LT
=022
-C«036
+C.048
~2.016
~C«009
+G 014
+0,006
+C.017
-C.039%
+£ 4529
-C.013

(R}
=CeC1
~0.08
~LeC3
+D‘19
-0.07
=-0.7C
+0.46
+3.26
=0.06
+Co.08
+C .34
=047
+0.20
+3is 3
=343
+C.02
+0.27
-Gé29
+0.15
=GelS
+0.C1
=Cel 1l
~0.01
+3.02
+0.00
-CeC0
~0.C2
+0.48
~Cel5
~0e31
-Ge08
-0412
+Ce32
~0ed6
+Cel4
-0e34
+C.04
~G0e06
'O.l8
~Ce06
+0 435
=Cal6
+C .03
~Cel3
-Ce.09
-C.C8
-0.19
+0.17

+0e22
—0e«11

STAR RESICUALS

S
-0 +CCu
40,223
'Gqclﬁ
-CeC23
+0.01C
+244C5
-J.211
+0.2C9
=U.30C
-C.CC3
+0 U006
=Cal11
~0.012
+0.032
~0el15
+C.J24
+0.C22
~C.l44
+0.019
~Ged32
-C.C16
+0.016
+L.006

+C.3C9 -

~0el1ll
~0.033
+0.044
-0.011
~0.009
+C.01C
~C«00H

Ny 7
+3e520

~JdeJ62
+L.C3E
=C.C03
+0.006
~Le012
+0.002
+C.00C
+C.003
+0L.C5C
=023
+0.009
=3.L29
-C.007
-C.0C3
0014
+C.0C1

+J.039
-0.023

LN

-C.07
+0. 14
=0422
+C .22
~C.06
-Le66
+C .50
+Cel7
-0 459
+C 459
+C .47
-CJb4
+C 433
+C 443
-0s58
+0.01
+0419
=02l
+0.10
-0.10
+0,15
-Cel5
-D+03
'O-U:
+Cell
~Ce24
+0 .28
+C .63
=030
-C.‘#Z
-0.12
-G o002
+0.17
=021
+Ce18
-C.02
+0.40C4
+C .08
-C.,15
+0.C3
+C .49
-“0e23
+C.C9
=1 028
-C.07
-Cell
-C.25
+0.23

+0.25
-0.12

S

-0.C0S

+0.035
~0.019
~0.C20
+0.01C
+0.C07
-C.013
+0.C08
+3.002
-0.005
+0.007
-U.Ull
-C.0C6
+0.025
-0.013
+C.022
+0.039
~CeC49
+0.022
-0.C33
=0.C05%
+0.002
-0.C0%
+0.017

-0.01C"

-C.C25
+0.047
-0.010
-Gbcll
+0.LC9
‘CcOZR
+0.035
-0.008
+C.0L29
+C.002
+3.014
-Ce027
+0.0C3
+0.008
+0.004
+0.020
-0.014
+0.006
~Ca023
-0.001
-0.005
-0.018
+3.004

+0.044
-C.026

+0.03

023

+0,12

+0.14

-U.07
-C.7¢
+0.062
+0.1C
~Ce64

+C.67

+C.C6
~0.37
+0e013
+0e33
-Ce35
+C.04
+0.36

~C.C8

+C.C4 -

-0 «GE
+C.CE
~LeG9
=C«CS
-C.C0
+04C5
-C.01
-0.31
+0.4€
~0el5
“0e31
=59
-Ls 28
+0e25
=Lel2
+Ua19
+C.04
=L.C6
+Q0eC4
-Ce09
+Ce07
+0e31
~Call
+Ce21
~U.53
+Ce15
-C.08
=-Cy22
+Lell

+C.z0
-Ca1

+C0.566047
+0.182074
+0,.,0511692
+0.145625
+0.055C¢€2
+0.3227953
+0,045503
+C.028€62
+0.139¢£18
+0.,481994
+0.601217
=0.,112863
+0.CCC%18
+0.1490397
+Gl.56C721
+04254523
+0.076511
+C.C050¢%8
+0.2431¢64
+C.415744
~04296421
-0.2245¢€2
+C.€627744
+0.36CCC1
+0,332237
+C.584132
+0.831270
+0.0173CC
~0.C46412
+0.013711
+0.042546
+Ce59E812LC
+0. 40676
+Ce1142C50
-C.101758
+3.€573C9
+5.2337591
+0,3377¢51
-0s042741
-0.25021C
+0.438419
+0.22817¢C
~G. 7779656
+0.121C6¢8
+0.840339
-Ce516409
+0.6525&4
+0.,237266

+0.249311
+0.776347

DEFPENDENCES

+0.566550
+04132475
+C 051319
+C0414S505
+0.054192
+04329C2C
+0.045G£3
+0.,024590
+0.122702
+0.461725
+C,431C49
-0.113148
+C.00C9kC
+0.149288
+0.5061852
+0.254845
+0.C76609
+C.0C4449
+04247531
+J.41656¢6
=J.096533
-04225559
+0.628922
+0,3602325
+04332935
+C.584672
+5.U431493
+s017228
0. 047505
+C.0140%2

OuZz6l
+2.6C0250
+C.u407151
+0,112¢43
-C.1632C5
+2.65585899
*0 T3T5CE
+C0l.361484
~C.042647
~D.291946
+0. 458625
+043258010
=04779770
+C0.120635
+0,840710
~CeB1676¢
+Ce65U4047
+Ce237609
+0.249531
+R.275281

+0.567116
+0.182661
+0.0514%)
+0.145367
+0.053344
+0,230005
+0.046322
+C.02084¢2
+0e137657
+0.461543
+0.,4C07U2
-Cel114CES
+0.,000987
+0. 149479
+0.562861
+0.255144
+0,076654
+0.,003%&75
+0.246983
+Cel4173484
-C.0967C2
=0 4226535
+C.630195
+0e3ENHES
+0.332577
*D+BEE IS
+04431521
+0.017172
~0.048549
+CeC1l4487
+C 043987
+0.602111
+0.407401
+04111122
~0elobo31

+0 4652973

+03378C0
+Co345165
~0.0u42563
-0e293¢C6
+DH85T767
+0.321140
-C.781820
+C.12C180
+0.8240733
-0.517173
+C.685115
+0e23F5€Y

+0.345161
+0.274232
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ORSERVATIONS
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Les valeurs observées de ¥ (Tableau I) sont reduites
dlamanitre déja signalée (Sevarli¢,B., Teleki,G . 1959) mais
sans tenir compte des erreurs progréssives et periodiques
¢t de coefficient de température (Milovanovié, V et les
autres, 1970). Les réductions ont été faites dans le systéme
FK4 et on a appliqué les corrections des déclinaisons

UDC 521.936/.938
Preliminary report

OBSERVATIONS A LA LUNETTE ZENITHALE (DE 110 mm) DU
SERVICE DE LATITUDE DE L’OBSERVATOIRE DE BELGRADE
EN 1981, 1982, 1983, 1984, 1985

R. Gruji¢, M. Djokié, R. Krga, S. Segan et N. Djokié¢
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia
(Received: December 28, 1988)

RESUME: On présente les valeurs de latitude ansi que quelques données météorologiques
prises au cours d’observations.

présentées dans le Tableau 2 (Gruji¢, R.etles autres,1975)
La valeur du tour de la vis micrométrique adoptée
était: R = 4000660 (Gruji¢, R., Teleki, G., 1984 et
Djoki¢, M, 1985). La méme valeur doit &tre utilisée
aussi lors de la réduction du matériel d’observations se
rapportant a Uintervalle du temps 1971.0-1981.0.

Tableau 1. — Les valeurs de latitude ansi que quelques donnés météorologiques au cours d’observations

Ty Bo  GR. Cfa (f)b (-f)d

DATE T ¢B3. Tz Ti
4y° 487,
1981
117 1981.046 RG - 3%C « 2%C - 3%5¢ 735.3 I 2 10.345 10,343
25 059 RG = 2.8 = 2.4 -2.8 759 I. . - 106,478
070 RG = 4,1 = 3.8 - 4,0 7447 II 10.468 - 10.471
I 1 .089 RG 4.3 1.5 2.1 751.6 II 1Y,253 10,257 10,260
) 004 G 7.1 4,0 4.8  735.5 II 10,333 10,372 10,352 -
22 146 RG 3.0 2.0 2.6 739.7 1L - 10,401 106.401
26 157 FD - 2.6 - 1,2 2.2  745.,6 II 10.443 10,315 10.379
III 5 175 RG 2.0 1.6 1.8 741.6 1II - 10.379
.176 RG 1.8 0.8 1.0  742,0 III 10,343 -~ 10.361
7 .182 D 9.6 7.2 7.3 746.6 II = 10,408 10,408
14 .201 RG 8.2 T 7.7 736.8 III 10.443 10,353 10.398
21 .220 RG 9.0 7.5 7.4 - 738,2 III 10.449 10,396 10.422
23 226 MD 12,4 10.2 9.9 737.9 III 10.523 10,262 10.392
28 .239 RG 8.3 9.9 8.8 740.1 IIT 10,311 1C.254 10,282
IV 4 .258 RG 6.8 il 6.4 V40,8 III - 10.521 10.521
Vi .267 RG  11.6 11.8 11.1  743.2 III 10.408 10,335 10,372
12 .280 RG 13,0 12,1 11l.4 745.6 III 10,445 10,186
~.281 RG 12,0 10,7 10,6 745.4 IV 10,210 - 10.280
13 .283 D 15.7 13,7 13.5 44,8 III - 10,355 10.355
22 .308 MD 11,2 10.8 10,4 736,8 III - 10,315 10,315
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Table 1 (continued)

¥,

DALE T UB3, Tz Ti v Bo  GR. Cfb (fd
30 .330 RG 11.0 5.9 9.6 731.9 IV = 10.569 10,569
V10 . .357 RG 12.8 13.4 12.8 736.1 IV 10.172 10.490 10.331
19 .38 RG 15.8 15.8 15.1 745.,0 IV 10.312 10,492 10,402
30 412 RG 18,4 19.6 18.4 742,0 IV - 10.595 10,595
31 414 RG  20.5 20,6 19,4 742,8 IV 10.3%34 10,522 10,428
VI 4 425 RG 24,9 24,8 24,0 735,9 IV 10,268 10,552 10,410
o7 489 MD 18,0 20,0 18.9 41,3 V - 10,171 10.171
29 494 MDD 25.4 24,9 24,4  737,2 V 10.386 10.322 10,354
VII 2 .502 RG 19.2 19.2 18,2 740.9 V 10.315 10,423 10.369
11 527 RG 21,2 21.7 20,9 738.6 V 10.375 10,481 10.428
16. .540 RG 18,8 20,1 18.8 741.3 V 10.%65 10.336 10.350
VIII 20 636 RG 22,9 21.7 21.5 734,3 V - 10.354
.637 RG 20,7 20.2 19.6 734.,3 VI 10.378 = 10.366
IX 26 .738 RG  17.5 18,3 17.8 739.9 VI 10.%21 - 10.321
X 6 .765 RG 20.8 19.1 19,2 742,0 VI 10.200 10.142 10.171
8 .770 RG 14,0 14,9 13.8 745,2 VI 10.286 10.336 10.311
9  .773 MD 15.4 15,5 14,9 741,7 VI 10.296 10,198 10.247
17 .795 RG 10,8 12.6 11.6 746.6 VI 10,353 10.2%6 10.294
25 .817 RG 4.0 6.0 4,9 42,6 VI 10,287 10,189 10,238
29 .828 RG  B.4 8.0 7.6 - 746,2 VI - 10,276 10.276
XI 5 847 RG 11.6 10,7 10.4 741.6 VI 10,286 10,271 10.278
21 .891 RG  B.9 7.4 8.2 747.5 VI - 10,147
.891 RG 8.2 6.6 6.8 47,4 I 10,204 - 10,176
23 .896 MD 12.4 9.6 1Y,0 7444 VI - 10,079
.896 MD 10,7 8.6 8,5 743,5 I 10,059 - 10,069
XII &4 2926 MD - 2.1 0.8 =~ 1.4 734,2 I 10,212 10,242 10,227
21 .973 RG - 7.0 4,7 - 5,7 735,72 I 10,188 10,187 10,188
1982
I 13 1982,0%36 RG - 6.5 3.5 - 5,1 754.8 I 10.2Y5 10.090 10.148
II 4 .096 RG - 4,0 3.2 = 4,2  755,4 II 10,195 10.268 10,232
11 .115 RG - 2.0 1.2 - 2,0 751,8 II 10,207 10,245 10,226
12 .118 MD =~ 0.6 1.V - 1.8  747,8 II 10.,2%2 10.365 10,298
18 .134 RG -~ 0.0 0.3 - 0,9 743.,3 II 10.250 10,284 10,267
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Table 1 (continued)

f} ~ (
Dy ?f B, Tz i R Bo Gl Cfa C(b ‘{d

.162 RG 1.4 0.7 U,2 741.9 II 10.464 10,394 10,429
175 RG 7.0 5.0 4,8 739.,3% IITI 10,286 19,224 10,255
.184 MD 1.3 2.1 1.1 746.2 1II - 10,253 10,253
.186 RG 345 2.6 2.4 742.9 II - 10,719

.187 RG 2.6 1.2 0.9 743,0 III 10,399 = 10,359
.206 RG 4.4 3.8 3.6 741.4 III 1GC.394 - 10,394

.228 MD 0.6 1.6 0.9 753.1 IIT 10.299 10,365 10.332
«250 RG 7.0 7.4 7.0 742.8 III 10,430 1C.231 10,330

.260 MD 11,1 11.6 10.9 744.,C III 10.504 - 10.504

«269 RG 17.1 15.7 15.6 731.8 III 10,346 10.196 10,271
= .337 RG¢ 17.0 14,9 15.0 741.2 III - 10.331

337 RG  15.4 13.5 13.8 742,0 IV 10,257 - 10.29

373 RG 15.6 16.4 15,4 740.7 IV 10.264 10,554 16.409
.378 RG 19.1 19.0 17.9 741.0 IV 10,526 10.47C 10,498

417 RG 19.2  20.2 19.1  745.3 IV = 10.621 10.621

8 436 RG  16.0 19.6 17.4 741.6 IV - 1¥.583 10.583

T .504 RG 19.8 21,3 20.3 739.7 V 10.480 10.526 10.5C3

14 534 RG 19.8 20,6 19.9 738.3 V 10,552 10.- 10,552

18 545 RG  21.4 22.9 21.6 740.8 V10,457 10,447 1C.452

21 554 RG 25.0 24,9 23,6 740.0 V 10.554 10.476 10,515

VIII 12 .614 RG 21,3 22,0 20.6 742.0 ¥V 10,461 10,481 10,471
679 MD 22,4 22,4 21.6 43,2 W - 10.582

.680 MD 20.6 20,2 19.6 743.4 VI 10.535 - 10,558

.704 MD 20.9 21,3 20,5 743,0 V - 10,343 10,343

.718 MD - 19,4 19,1 18,4 742,7 VI 10.313 = 10.313

.721 RG 18,4 18,4 17.9 742,0 VI 10.548 10,338 10,443

23 729 RG 20,0 20,5 19.6 735.,2 VI 10,406 10.472 10.439

28 L7242 RG 21,1 20.9 20.2 741.,7 VI 10.444 10.333 10.288

X 19 .800 RG 16,2 14.8 14,6 42,5 VI 10.333 - 10,333

22 .88 MD 14,2 13,8 13,4 740.8 VI 10.265 10,128 10.196

26 819 RG 11,4 12,6 11,7 743.,8 VI 10.313 10.288 10.300

XI 9 .858 RG 6.1 543 5.1 743%3.,2 I 10.220 10.156 10,188
11 .863 RG 7.4 7.6 7.5  749,9 VI - 10,420

.863 RG 6.6 5.3 5.0 749.9 I 10.303 - 10.362
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Table 1 (continued)

DATE T OB3. Tz Ti Tv Bo GR. Cfa Cfb (fd
18 .882 RG 1.2 %40 2.0 740, I 10.244 10.215 10.230
21 <890 RG 6.4 6.0 S.4 751,0 VI - 10.170
890 RG 5.6 4.8 4,4 751,0 I 10.099 - 10.134
22 «89% MD Golt 5.0 4.8 750,2 I 10,024 10,205 10.114
25 .901 RG 11,7 9.2 9.5 741.,1 I 1C.21% 10,167 10.190
26 .904 MD 2.8 5.0 4,1 739.,0 I 10.%29 10.197 10.213
XII 2 .920 RG 3.8 4,8 4,0 47,4 I 10.1.5 10.119 10.144
16 .959 RG 8.8 7.C 8.0 732.,1 I - 16.053 1,053
20 .970 D 2.1 2.4 1.8 732.4 I 16.024  9.866 9,945
30 997 RG = 3,8 - 1,4 - 2.6 70,4 TII 10,270 - 10,270
1983
I 9 1983%.024 RG 1.4 2.8 1.6 75%.5 II 10.124 10,130 1C.127
12 .03% KRG 6.1 3.8 3,9 752.8 II 10,111 10,104 10.1C8
18 049 RG  11.9 2.1 8.4 34,1 I - 9,876
049 RG 7.8 6.5 6.8 734.4 II 10,179 10.085 10.047
25 L0568 RG 2.8 204 1.8 755.5 II 10.166 10.209 10.188
II 1 .087 RG 4,2 3.4 3,5 734,0 II 9,953 10.058 10.006
3 .09%2 MD - O.4 0.2 - 0.4 785,1 II 10,058 10.121 10.090C
25 .153 MD 0.6 0.0 = 0,2 752.6 11 = 10,070 10.070
26 .156 RG 4.4 1.8 1.6 744.8 II - 10.091
.156 kG ) 1.4 2.2 74%,1 III 10.053 -~ 1C.072
III 8 .183 RG 9.6 Solt .3 745.,8 1II - 16,188 s
.18%2 RG 8.0 7.0 6.9 745.8 TIT 10.092 - 10.140
10 .188 MD 12,8 10.8 10.8 74z,2 1II = 9,989
.189 MD  1l.1 9.4 9,3 741.6 III 10.083 - 1C,.C36
12 194 RG 0.9 5.9 3.6 750.2 II = 10.123
3194 RG - 1.4 2.0 0.2 751.8 IIT 10.113 - 10,118
15 .202 1D 6.1 6.4 6,1 P4l.e II - 10.114
.202 D 55 5.0 5,0 740.,7 III 10.085 = 10,10¢
ol 227 RG  10.6 10.0 9.8 733,5 III 10.190 = 10,190
IV 10 274 RG 15.8 16,2 15.2 740.1 III 10.162 10.117 10,14
17 .29% RG 9.6 9,3 8.6 40,2 1II 10.276 10,149 10.21¢
U 312 RG 18,2 18,4 17.6 735.C III - 10,107 10,10,
Vv 3 336 RG 16.6 17.4 16.1 736.8 III - 10,128
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Tble I (continued)

DATE 7 UB3. Tz Ti iy Bo GR. %2, Cfb %ﬁ
.337 RG 13.6 14,7 13,7 737.9 IV 10.l24 - 10.126
5 342 RG . 10.8 13.6 12.2 41,1 IV 10,10% - 10.103
10 .356 RG 11,9 12.8 11.8 732,2 IV 10.286 10,300 10.293
12 361 BK 19.1  18.4 18.2  737.7 IV 9.900 = 9.900
17 375 RG 20,5 21.0 20.3 7%8.4 IV 10,170 10,222 10,196
o2 419 RG 21.8 22,1 21.0 741.7 IV 10.291 10.407 10,349
5 427 RG  24.4 24,0 23,1  739,8 IV - 10.441 10.441
2% 485 MD 22,7 20.8 20,1 740.4 V10,420 - 10,420
NI 6 512 MD  23.4 23,0 22.4 741,0 V 10,390 10.523 10,456
18 J545 RG 24,1  24.4 23.6 741.8 V 10.503 10.562 10.532
21 .55% RG 12.7 15.2 4.4 43,1V - 10,661 10.661
% 566 RG  21.5 23.2 22.2 741.4 V 10,493 10.473 10,483
Vi s .59 SS 16,0  17.5 15.8 738.4 V - 10,700 10.700
7 .599 SS  18.4 19.0 17.9 73%8.8 V 10,559 10.642 10.600
10 .608 MD 22,6 23.0 22.4 736.6 V 10.461 10,583 10,522
15 621 MD 17.6 19.8 18.3 745,2 V 10.396 10,619 10.508
23 L643 RK 23,2 244 23,2 741.8 V - 10.670 10.670
28 .657 RG  23.9 22.4 21.3 740.8 VI 10,649 10.583 10.616
X 1 668 RG 19.9 21.0 20.1 740.,9 V - 10.559 10.559
2 670 ¥D 21,0 21.9 2.2 739.3 V - 10.676 10.676
3 673 RK  23%.2 23,2 22,6 736.9 V - 10.530 10.530
6 .681 RX 19.0 19.8 19.1 740.8 V - 10.587 10.587
8 687 RG 1%.9 15,5 14.2 41,5 V - 10.704 10.704
9 .690 D 22.6 20.4 19.9 738.6 V - 10.737 10.737
10 .692 RK 26,4 24,2 24,0 736.6 V - 10.567
.693 RK 24.6 22.4 22,3 7%36.4 VI 10,704 - 10.636
13 .701 RK 13.6 15,7 14,6 7444 VI 10.742 - 10.742
1% .70%3 3S 19.2 18,9 18.5  74%,6 ¥ - 10.646
.704 S8 15.4 16,2 15.7 742.9 VI 10.662 - 10.654
15 .706 RG 18.2 17.9 17.2 738.0 VI - 10.579 10.579
21 723 83 15.3 15.6 15,1 740.6 VI 10.571 - 10.571
24 .731 RK  14.0 14.6 13,5 746.5 VI 10,742 - 10.742
27 .739 RK 14,1 13.6 12.9 747.4 VI 10.8% 10.682
.739 RG  13.2 12,6 12,1 746.9 I 10.843 - 10.806
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Table 1 (continued)

DATE T B3, Tz Ti Py Bo  GR. %L Cﬁb (fd
28 JM2 83 14.6 15,2 14,5 742.6 VI 10.582 10.506 10,544
29 744 RG 15,8  14.9 14,2 742.5 VI 10.723 - 10.723

X 2 .753 RG 7.7 11,0 9.4 749,1 VI = = 10,692 10.692
4 .758 RK - 17.8 16,2 16.0 745,4 VI 10.737 10.694 10.716
5 761 SS 18,6 18.6 18.6 743.6 VI 10.572 10,419 10.49
6 .764 RG 18,5 18.2 17.8 42,0 VI 10.746 10.687 10.716
7 766 MD 14,2 15,5 14.4  744,2 VI 10.588 10.515 10.552
10 .775 SS 11,8 12.6 11.6 41,6 VI 10,786 10.636 10,711
11 777 RK 18.2 16.6 16.8 737.2 VI = 10.751 10.751
13 .783 RG 10.4 10,6 9.8 747.9 VI 10.476 10.552 10,51t
14 .786 MD 12,5 1l.4 11,2 46,2 VI - 10,547 10,547
15 .788 RK 12,8 13.5 12,8 44,1 VI - 10,625 10,625
16 ©  .791 RG 16,8 15,1 15,0 73%8.9 VI - 10.625
791 RG 15.7 13.6 13,5 738.3 I 10,644 - 110.634
25 .808 RK 3.2 6.4 5.2 752.9 I 10.707 - 10.707
23 .810 MD 5.2 6.7 6.1 751.1 VI - © 10.502 10.502
25 .816 RK 4.4 5.6 5.0 47,2 VI = 10.654 10,654
28 .824 ND 9,0 9.4 9.9 739.7 VI 10.363 - 10.363
XI 12 .865 RK - 0,2 D7 1.2 746,2 VI 10,403 10,585 10.4%
13 .868 RG =~ 1.6 0.6 - 0.5 745.5 VI - 10.423
‘ .868 RG - 4,0 -1,2 = 2.2 746,1 I 10,607 - 10.515
16 876 S5 - 1.4 - 1.1 = 1.4 7zZ4,1 I 10,518 - 10,518
17 .879 RG 0.5 - 0.4 =0.6 739.,6 1 10,420 - 10,420
18 .88l ND - 0,6 - 0,3 - 0,2 741.,6 VI 10,497 =
' 881 MD - 1.7 = 1.7 = 2.0 742,2 I 10,393 - 10,445
19 884 RK - 3.4 - 1,3 -2,2 744,9 VI 10,496 10,522 10.509
20 887 RG - 2.4 - 1.5 - 1.8 740,1 VI - 10,513
887 RG - 2.2 =~ 2.4 -2,9 738,9 I 10,497 - 10.505
23 .895 ND 0.7 0.4 0.4 745,8 VI 10.475 - 10,475
o4 .898 RG - 0,9 = 0,7 =-1.,3 750.1 I 10.,4U8 10,406 10,407
25 900 ND - 0.1 0.0 - 0,3 746.6 VI 10.455 - 1C.455
XIT 22 974  RG 740 7,0 6.9 732.,8 I 10,400 - 10,400
25 .982 RG 14,8 9,1 11,5 742.1 I 10,194 10,016 10,105
30 .996 MD 6.6 5.2 5.4  744,5 I 10,210 10,150 10.180
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Table 1 {continued)

4iE T UB3. Tz Ti iy Bo  GR. %; Cfb kfd
19%4
I 21984.007 RG 11.0 7.6 8.6 736.6 I 10,159 9.996 10.078
31 .084 RG 44 1.9 2.4 737.5 1 - 10,033 10,0%3
iIm 2 .090 RK/RG 2.0 1.6 1.8  7537.0 II 10.237 10,111 10.174
5 .098 RG 5.0 3.1 2.6 42,9 II 10.238 10,108 10,173
III 15 .204 RG 0,2 0.6 0.2 737.4 III 10,105 9.977 10,040
19 2215 MD - 1.2 0ul - 1.2 742.4 IIT 10.015 = 10,015
20 218 RG =~ 2.0 = 1.5 - 2,0 741,0 IIT 10.005 9,976 9.9%0C
24 .229 RG 5ol 3.6 © 3.8 . 737.7 III - 9,934 9,934
27 237 RG 11,6 9.2 9.1 738.6 III 10.046 9,947 9,996
v 7 267 RG  12.8 12,6 12,0 733,7 III  9.940 10,052 9.9%
14 .286 RG 10.9 11,6 10.8 742.3 III - 9,586
.287 RG 9.4 10,0 9.4 42,4 IV 10,012 - 9.999
16 292 88  12.0 13,2 12,4 734.6 III = 10,079 10.679
Vg 2369 RG 11.8 11.8 11,4 73%5,2 IV 10,165 10,150 10,158
18 .380 HD 17.2 15.8 16.0 739.2 IV = 10,088 10.088
19 .382 SS 18,8 18,8 18.8 732,0 IV 10,065 10.221 10.i43
21 .388 S3 17.2 16.8 15.8 733.6 IV 10.047 10.18+ 10,116
24 .396 RK 13,2 16,8 14,8 730.,9 IV 10,212 - 10,212
28 407 SS 16,4 17,2 16,2  734,0 IV 10.078 - 10.078
30 A12 SS 13,6 14,6 12,6 7%6,1 IV - 10,181 10,181
31 415 RK 4.1 15,6 14,6 735,6 IV 10,311 10,224 10,268
o2 LA421 RG 19.5  17.6  17.4  739.4 IV - 10,066
421 RG 17.6 16,4 16,0  739.4  V 10.086 - 10,076
3 423 ND 22,1 19.8 19,0 735,5 IV 10,036 = 10,036
5 L429 RK 22,0 21,2  20.8 736.6 IV 10,090 - 10,090
8 437 ND 14,0 15.2 14,2 732.4 IV - 10.181 10.181
10 L43% ND  15.6 16,6 15,5 743.1 IV - 10,293
JA4% KD 14,6 14,3 13,7 74%.8 V10,183 10.278 10.251
12 A48 RG 9.4 1244 11,0 745.8 V 10,258 10,343 10.300
13 451 88 19,0 16,0 14,9  745,1 IV - 10,240
451 ND 13.8 12,9 12,2 746,0 v < 10,313 10.276
14 454 RK 20,0 19,0 18.5 742,1 IV - 10,288
454 RG 19.1 16.8 16,3 741,0 V 10,160 10.163 10,204
17 JA62 D 15.4  15.6 14,6 742,86 V10,165 - 10.165
18 465 RG 14,6 15,7 14,6  746.,4 V10,188 10,210 10,199
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Table 1 (continued)

R, GRUINC, M. DIOKIC, R, KRGA, S, SEGAN et N, DIOKIC

DALE CBS. Nz i3 PR Bo GR. cFa C{)b l\fd
20 470 85 21,0 20.8 20,5 74l.2 IV - 10,225 10.225
26 487 RG  12.6  14.2 13,0 744,0 V 10.3%8 10.256 10.297
27 490 ND 15.8 15,3 15.0 742.7 V. 10,277 10,338 10,308
ViI 1 .500 ND 16.8 17,3 16.4 743.4 V 10,294 10.305 10.300
9 522 MD 18.8 17.6 16.8 741.2 V 10,091 10,157 10,124
10 525 ND 21.3 19.0 18,5 742.8 V 10,469 10.316 10.3%
11 .528 MD 23.6 21.6 20.8 742.8 V 10.064 - 10.064
12 .530 ND 28.6 24,0 24.0 741.8 V 10,282 10,208 10,245
15 .538 ND 25.8 25.2 24,6 731.1 V 10.464 - 10.464
23 .560 RG 22,0 21.6 21,0 740.5 V 10.288 10,501 10.3%4
25 566 RG 18,8 20,2 19,0 739.4 V 10.426 10.281 10.354
30 .580 RG 20.8 20.4 19.9 743.4 V 10,390 10.386 10.388
VIII 2 .588 RK 19,9 21,0 20.4 741.6 V 10,515 10,590 10.552
3 .500 RK 20.2 21.8 20.8 742.6 V 10.362 10.576 10,469
18 632 ND 15.5 17.8 16.4 743.0 VI - 10,754 10.754
21 L640 RK 16.8 18,2 17.3 7424 V - 10.77%
.640 ND 16.4 16.1 15.8 742,2 VI 10,596 10.640 10.670
22 .642 ND 18,5 18.8 17.8 740.8 V - 10.620
.643 MD 18,3 17.0 16.6 740,8 VI 10,465 10.426 10,504
23 J645 RK 20,0 19.9 19.1 740.5 V - 10.679 10.679
28 .65 RK 12,8 17.2 15.6 744.7 V - 10.479 10.479
29 (662 ND 17,3 17.4 16,7 2.4V - 10.468
662 MD 16.6 15.8 15.4 742.7 VI 10,461 10.558 10.4%
31 .668 ND 17.2 16,5 16,2 741.,2 VI 10,648 10.588 10.618
IX 3 676 MD 23,0 22.7 21,2 741.7 VI 10,506 10,402 10,454
4 .678 RK 25,0 22,9 22,9 737.4 V - 10.580
678 RG  23.9 21.3 20,9 737.2 VI 10.532 10.493 10.535
5 .681 ND 24,1 21.6 21.2 735.4 VI 10.642 10.464 10.553
6 684 RG 23,2 21.9 21,2 737.4 VI 10,588 10.484 10,53
9 692 MD 13.7 15.2 14.2 737.3 VI 10,628 10.595 10.612
11 .698 RG 13.4 13.8 13,0 741.6 VI 10.697 10,591 10,644
13 .703 RG 16.4 16,3 15.8 741,9 VI - 10.658 1C.658
14 .705 ND 22,0 19,5 19.3 738.4 V - 10.848
.706 ND 19.7 17.8 17.4 738.2 VI 10.756 - 10.802
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Table 1 (continued)

~

UALE

uBS. Tz i Ly Bo GR. Cfa Cfb (-fa

18 .716 RK 16,2 17.1 16.4 733,99 .V = 10.646

.716 RK/RG 15.5 15.6 15,4 734.4 VI 10,661 10,522 10.610
19 w719 ND 20,5 19.2 19.2 734.6 V - 10.767 10,767
25 .736 RG 9.4 12,3 10,8 732.,5 VI - 10.658 10.658
26 .738 ND 9.8 11,8 10,6 740.,0 VI 10,941 10.864 10.9C2

X 4 .760 RK 14,8 17.1 16,2  736.4 VI = 10.656
761 RG 17.7 15.3 15.2  735.4 I 10,512 10.435 10.534

9 774 RK 11,0 12.6 12,0 750.,0 VI 10.655 10.602

J77% RG 10,4 11.0 10,4 749.5 I 10,602 10.643 10.626
10 2777 ND 13,4 12.6 12,4 749.0 VI 10,697 - 10.697
13 .785 RG 8.2 10.9 9.6 748.3 I 10.639 - 10,639
17 .796 D 6.0 Zel 6.2 746,4 VI 10,614 10,399 10.506
18 .799 RG 13.2 1l.4 9.6 742,73 I 10,598 - 10.598
19 .801 KD 15.8 12,2 12.8 741.6 VI  10.454 10,491 10,472
22 .807 D 11.8 11.8 11,3 745.4 VI 10,391 10,409 10,400

23 .812 RK 15.0 13.4 13,6 43,0 VI - 10,680
812 RG 15.6 13,0 13,1 743,0 I 10.667 10,580 10,642
24 .815 ND 15.0 12.6 12.4 743.4 VI 10,599 10,579 10,589

25 .818 RK 15.4 12.9 13.0 742.8 VI 10,642 10,664
.818 RG 15.8 12.5 12.9 742.5 I 1Y.586 - 10,631
27 .823 RG  14.3 14,1 14,0 742,2 VI 10,565 10.495 10,530
X o1 837 RG 5.6 7,0 6.9 747.8 I 10.576 10,406 10,491
2 .840 ND 5.2 5.8 5.2 746,2 VI 10,628 10,493 104560
5 .848 MD 4,% Sl 4,7 739,3 VI 10.491 10.584 10.538
6 .850 RG 10,1 8.2 8.8  739.4 VI = 10.370 10,370
7 .85% §D 11,9 10,0 10,6 740.1 VI 10.350 10,348 10.349

8 .856 RG 11,0 9,8 9.7 740,6 VI - 10,485
.856 RG 8.8 8.8 8.8 740,7 I 1Y,609 - 10,547

9 .858 ND 10,0 9.8 9.7 739.8 VI 10,618 10,484
.859  MD 8.1 8.2 8.2 740,1 I = 10.416 10.506
11 .864 RG 2.2 5.9 4,0 747.9 I 10,436 10,416 10,426
12 .867 ND TP 4,2 3.4 46,1 VI 10,504 = 10,504
13 .870 RG - 1.0 1.0 0.2 744,7 I 10.552 - 10.552
14 .872 KD - 1.5 0.6 - 0.1 740.,5 VI = 10.470 10,470
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Table 1 (continued)

Te

P

Ta

DALE C B3, Tz o v Bo  GR.
22 894 RG 5e5 4,2 4,6 739.3 T 10,497 10,439 10,468
2> .903 RG 12.0 9.4 9.8 741.9 I 10.270 10.3%27 10,298
26 .905 ND 13,8 10.7 1l.4 740.5 VI = 10,303 10.303
28 .910 ND 3.2 5.0 4,0 750.5 VI - 10,476
.911 MD 2.6 3.0 2.3 750.0 I 10,304 10.323 10.368
XII 3 .924 KD Ba2 5s2 3.2 745.,2 VI - 10,434 10,434
4 .927 ND 1.6 1.6 1.4  749,7 VI - 10,611 10,611
5 .930 D Tl 1.3 749,7 VI = 10,540 10,540
18 .966 ND 11,2 7.0 8,7 43,7 I 10,374 = 10,37
19 .968 RG 5.4 4.8 4,8 747,0 TII 10,400 10.334 10,367
1985
I 4 1985,012 ND - 7.3 6.1 7,0  7%0.1 I 10,421 10.348 10,38
13 .037 RG = 8.8 8.1 8.5 743.4 II 10,280 = 10,280
17 048 RG - 9.6 7.0 7,8 737.5 II 10,320 10,521 10,420
30 .08% ND 0.9 0.9 1.1 743.9 I - 10,129 10.129
31 .086 RG 1.4 0.6 0.1 742.1 II 10,175 - 10,175
IT & .097 RG = 4,2 3,4 4,3 746.4 II 10.328 = 10.328
III 4 .174 ND 1.6 0.9 1.0 744,1 II - 10.28% 10,283
5 .176 RG 8.2 4.4 5.0 747.1 II — 10,049 10,049
2 .182 RG 1.2 1.7 1.3 748.1 1II - 9,909  9.909
25 .231 ND Zel s 5.6  739.,9 III 10,064 = 10,064
30 245 RG 9.7 6.7 7,0 741.4 IITI 9.872 9.854 9,863
31 ,o48 RG 15.9  1l.4 12.2 737.1 III 10,043 = 10,043
IV 1 .250 MD. 11.0 10.4 10,2 741,5 III - 9.879 9.87
3 .256 ND 13,0 12,2 12,0 743%.6 III 10,106 10,126 10,116
4 .259 RG 15,2 13.0 13,0 739.7 IIT 10,126 10.026 10,07
5 .261 ND/MD 18.6 15.5 15.8 736.1 III 10,185 9.802 9.9%
7 .267 WD 9.4 11.2 10.4 736.,8 IITI 10.175 10,071 10,123
10 .275 ND 14,6 16,4 15,6 731.8 III 10,123 - 10.123
13 .283% RG 7.9 Bl 7.8  734,3 IV 10,179 - 10.179
20 .302 RG 10,8 10.2 10.1  739.4 III - 9.962
.30% RG 9.1 8.5 8.0 739.7 IV 9.962 - 9.962
21 .,305 ND 11,9 11,0 10.6. 740,8 III - 10,056 10.05%
22 .308 KD 14,0 13,2 13,0 736.3 III - 9,888 9,888
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Table ! (continued)

D f UB e Tz Ti Ry Bo Gi, Clﬂa Cfb Qfd

23 .21C RG 16,1 14,6 14,6 7%0.6 111 - 10,015 1C.015
7 349 RG 13,2 14,8 13%.8 737.2 IV 10.056 - 10.056
12 .363 LD 16,9 16,8 16,4 738.9 IV 9,961 10,159 10.Y60
28 406 RG 21,5 20.4  19.5 737.3 IV 10,004 - 10.004
29 409 ND 19,2  20.4  19.4 735.8 IV 10.0%0 - 10,030

5 426 WD 20.8 19,2 19.1  739.7 IV 9.892 10.079
J29 KD 19,7 18,2 18.0 739,33 V  9.989 - 9.987
& 431 RG 24,5 22,0 21,9 737.8 IV - 9.975  9.975
12 LA43  UD 15,1 13.4 0 13,40 736,3 ¥ - 9.986  9.986

18 L64 RG 12,7 13.6 12,5 737.8 IV - 10,149
J64 RGO 11,1 11.8 11.5  738.4 V. 9.970 - 10,060

26 486 D 19,6 18,2 18,0 742,2 IV - 10,219
J486 ED  17.8 15,6 15,0 74l.,2 ¥ - 9.97% 10,096
30 97 KD 20,2 17.3 16,8  741.,3 V10,081 10.027 10.054
5 .511 RD 15,4 16,2 15,4 739.6 V 10.205 10,157 1C.181
6 o513 26 15.7 16.6 15.5 741.0 V 10.038 - 10,038
9 .522 RG 15,6 16.2 15,3 740.2 V 10,009 10.167 10,088
11 527 RG 16.7  17.%2  16.2  741.8 V 10.089 10.140 10.114
12 .530 ND 18,9 18,4 17.9 743.,3 .V 10,264 1C.217 10.240
13 532 RGO 19,8 20,0 19,0 744,0 V9,913 10,306 10,110
14 535 HD 21,0 20.0 19.4 43,0 V 10,172 10.096 10,134
15 538 ED 22,0 21.2 20,4 742.6 V 10.229 10.217 10.223
i6 LS8l KG 23,4 22,0 21.3 42,0  V 10,136 10,121 10,128
19 S0 BD O 21,8 22,2 21.4  737.7 V. 10.093 10.237 10.165
20 552 RG 25.2 23.6 23,0 737.6 V 10,090 10.153 10,122
22 557 kD 17,0 18.2  16.8 746.6 V 10.017 10.120 10,068
23 L56G RG 20.7  19.9  19.4 43,9 V - 10,257 10,257
25 .365 RG 21,0 21,1 20.4 740.,8 V - 10.262 10.262
26 563 BD 23,5 22.4 21.6 738.4 V 10,190 - 10,190
27 571 RG 27.6 23,8 24,0 737.0 V - 10.179 10.179
28 .57% KD 27,2 24,4 23,6 737,2 V 10,161 - 10.161
30 578 RG 29.1 26,6 26.2 734,7 V 10.230 - 10.230
VIII 1 .584 RG  19.8 22.4 20,4 738,6 V 10,309 - 10.309
11 512 BD 23,3 21,6 20.7 741.8 V - 10.285 10.285
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Table 1 (continued) *

Dais TZ Ul Tg L vy Bo Liite Cfa Cfb Lfd
12 614 1D 22.6 22,0 2l.7 742.8 v = 10.188 10.188
14 020 1D 24 .6 23.0 23.0 U2 4 Vv 10,274 10,117 10,19
1.7 029 XD 22.6 21.9 21,6 7374 VI 10,332 10.35C 10,3531
21 .039 KD 20.4 21,6 20.7 43,5 v - 10.257 1C.357
23 LOU45 1D 2545 217 21:2 700.8 VI 10.%¢8 10,320 10,374
31 L0067 RG 1842 19.2 18.8 741,0 VI 10.D1% - 10.513
IX 3 075 RG 24.¢ 21.2 21.5 739.1 VI 10.2%4 - 10.294
11 696 LD 15.8 15.1 15.0 THS G v - 10.382 10.%82
12 .700 RG 12,0 14,0 1%.2 43,4 VI 10,591 - 10.591
13 702 D 11.4 12.2 11..6 ‘ 743.0 VI 10.475 - 10.475
19 - <719  2G 17.2 16,6 164 44,6 VI 10,506 - 10,506
24 .7%32 LD 215 19.1 19.C 7404 VI - 1C.496 10,496

X 2 .754  RG 18.6 15.2 15.0 45,9 VI - 10.46% 10.46%
6 . 765 RG 18,2 15.9 15.8 42,7 VI - 10.524 10,524
21 .806 D 7.8 9.0 8.9 49,7 VI - 10.582 10,582
24 814 RG 5.8 5.6 4,7 751,.6 I 10.692 - 10,692
25 .817 TD S.4 55 5.2 51,0 VI 10.629 10.469 10,549
XI 7 .52 RG 5.2 4.9 4.5 737.5 VI - 10.612
.853 KRG 5.2 58 3e7 7%8.,0 I 10.o44 - 10.628
9 858 RG 9.4 8.0 8.2 741.6 VI - 10,544 10,544
10 801 ND 15.8 10.2 11.8 7%4.6 VI 1C.461 10,586
.861 ND 15.6 10.0 12.0 752,86 I 10,388 - 10.478
X1t 3 .924 kG 10.9 75 9.0 46,8 1 - 10.657 10,657
4 .926 ND 11.7 78 S.h 786,6 VI - 10,502
.927 ND 11,6 748 9.0 46,1 I 10,621 10.658 10.527
5 .929 RG 9.5 7.6 8.4 741.6 I 10,437 - 10,437
6 «9%32 D 10.2 Sel 9.2 7425 I 10,58% 10,466 10,524
7 .935 RG 1148 8.4 9.6 741 .4 I 10.524 10,464 10,494
8 <937 KD 10.3 6.9 7.4 42.3 I 10.615 10.464 10,540
22 976 ND 3ol 24 247 THO 4 I 10.669 10,647 10,658
2% 978 MD 0.5 0.7 C.3 742.0 I 10,513 10,3212 10,412
LA LEGENDE: Date: Année, mois et date d"observation.
T Partie d’année tropique . .
Obs.: Obsen’mtcurs\R. Gruji¢ (RG), M. Djoki¢ (MD), R. Krega (RK), S. Segan (SS), N. Djoki¢ (ND),
Tz:  Temperature a I'abri météorologique €loigné SO m de l'instrument.
Ti: Température de I'instrument,
Tv: Température de 1'air dans la salle d’observation (valuer moy. des lectures des thermométres sud et nord)
Bo: Lecture du barométre en mm Hg (tenant compte de la température de batometre),

GR.:  Numero de la grupe.
¥a,¥b La latitude de la sous—groupe a, resp. b.
¥d: La valuer moy, de 12 latitude de la nuit,
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VICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS
(Belarade Micromefer Measurements of Double and Multiple Stars - Series No 43)

3 M. Popovi¢, D J. Zulevi¢

D tronomica! Qbservatory, Volging 7, 11050 Beograd, Yugoslavia
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SUMMARY: 326 measurements of triple systems from the Belgrade Survey of Tuple
Sysiems, 1DS Catalogue {(up to 200 pc) and from tie Leningrad Programme of Nearby

Triple Stars are communicated.
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first time a complete insight into the accuracy of the
obtained data is given in a series The errors of the
quantitaties § and p measured in the obsenvations of
double and miltiple stars have acquired a special imipor-
tance after extending a procedure of physi« meiber
ship determination for system components (Anosovi.
JPUTORT.

Fhe reduction of ohservations and derivation o) the
weighted mean values for to 0 and p oare not chansed
compared o the carlier series, but since in the nresend
paper several errors are introduced, we shail e the
explanations for ail the data contamed in 3abae 1

In the course ol mcasurements the position anele
value (0) is read 4- S times and the same s vaiid 1or the
parameters a and b appearing m the reduction throaeh
relations (1dyand (I¢h.

For cach measured svstem the data are given in the
title and in the thirteen columns of the table. In o cuxe
that a svsiem has been measured more than once there s
aspecial row containing the mean vilies

System Title—-Subsystem  The ttle coniamns ious
following data: ADS number. the DS nuniber. the
designauon of the disvoverer and the designauon of the
measured multiple.

Column [ containg the time of the observation: .
Column 2 position aigie

Column 3 root-mean- squase error of 0
Column 4 distance between components
Column S root- mean - square error ol p
Column (¢

Sl ilan
Ca, (el g 1hn
sprel tlen
Do et (b

» dispersion m the measurements  oyb) el (o)
Column 7 error of u single measurements p ofp) (b (1)

Columns 8, 9. 10 Estimated apparent miggmitudes of
orimary and secondary components within @ prior or
apparent magnitudedifterence Am

Column 11 Sum of estimated image quality and quality
of measurements: Q; the best mark is 3, the woist |,
Column 12 Obserer imtials: GP = Popovic. DZ
ZLiilevic,

Column 13 Letter N means that there is a note i Tabic 2,

83




G.M. POPOVIC and D.J, ZULEVIC

Table 1
ADS t 0 o P p 0(6) o(p) m, m, Am Q Obs. Note
684 00448N5005 BU 232  AB
86.865 24109 0.72 079 0012 161 0.024 * * 02 4 GP
86.865  240.4  0.34 0.84 0014  0.68 0.028 0.2 4 15Y4
86.876  239.7  0.25 0.80 0.008 049 0.016 * * * 4 DZ
86.869  240.67 ~ 0.65 "0.810 0.015 1.30 0.031 DZ2 N
GP1
1522 01494 N 2818 STF 183 AB-C
84.930 164.5  0.32 5.31 0.080  0.65 0.160 80 100 * 3 GP
1548 01513N3032 .. A 813 AB
86791 1997  0.41 v * 0.82 * 82 87 . DZ
86.857 198.6 % 0.60 * * * B 8.2 8.7 * 2 DZ
86.824  199.1 0.55 " 0.60  * * B DZ2/1 N
1630 01578N4151 STF 205 A-BC
87.927 63.3  0.26 9.28 0.091 053 0.224 * 2 GP
88.012 635  0.17 9.65 0.085 0.34 0.171 30 7.0 * 3 GP
87.978 63.42  0.10 9502 0.181 0,13 0.234 GP2
1630 01578N4151 STT 38 BC
88.012 108.1 0.36 0.74 0.016 1.25 0.035 7.0 80 * 4 GP N
2122 02418N1857 STF 305 AB
86.873  310.L  0.37 358 0.019 0.74 0.038 * 0.5 2 DZ
86.876  310.2  0.21 352 0.012  0.42 0.023 80 85 * 6 pZ
86.875  310.17 0.04 3.535 0.026  0.07 0.042 DZ2 N
2681 03352N0448 STF 430 AB
88.012 56.9 0.18 76.6%4 0.086  0.35 0.173 80 85 * 4 GP
88.091  56.8 0.16 26,45 0.239  0.35 0.535 8.0 9.0 * 2 GP
88.038  56.87  0.05 26.577 0.090  0.07 0.127 GP2
2681 03352N0448 STF 430  AC .
88.012  300.5  0.24 3349 0.124 049 0.249 80 9.8 * 4 GP
88.091  300.6  0.20 3457 0143 045 0320 8.0 90 * 2 GP
88.038  300.53 0.05 34517 (0.038  0.07 0.053 GP2
2926 03550N2255 STF 479 AB
88.012  126.3  0.51 7.46  0.071 1.03 0.142 80 90 * 4 GP
88.032  127.0  0.39 759 0.068  0.79 0152 80 90 * 3 GP
88.021 126,60 0.35 7516 0.064  0.53 0.098 GP2
2926 03550N2255 STF 479 AC
88.012 2419  0.17 3758 0.130  0.35 0.260 8.0 95 * 5 GP
88.032 2420  0.10 57.87 0.215  0.20 0.430 80 9.5 * 3 GP
88.020 24194 0.05 57.689 0.140  0.08 0.229 GP2
3093 0410850749 STF518 AB .
88.102  103.6  0.10 88.67 0.238  0.21 0477 7.0 90 * 2 GP
3093 0410850749 STF 518 BC
88.102 3400 _ 0.29 8.10 0.128  0.59 0.286 9.0 11.0 * 2 GP N
3991 0518850058 WNC 2 A--BC
88.012  161.4 043 2.97 0063 087 0126 7.5 80 * 6 GP N
4186 0530550527 STF 748 CB
87.111  342.4  0.17 16.77 0.069  0.35 0.139 = * * 2 DZ
87.141 3422 0.7 16.69 0.040  0.34 0.079  * . - 2 DZ
87.126 34230 0.10 16.730 0.040  0.12 0.046 DZ2




Table 1 (continued)

MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

ADS t 9 ag p ap 0(0) olp) m; mp; Am  Q Obs Note
4136 0530450527 STE 748  CD
T 62.2 042 13.33 0.073 1.10 0.192 70 80 - 3 GP
27,11 63.1 0.08 13.20 0.038 0.16 0.076 . * > 4 DZ
$7.141 62.1 0.34 13.42 0.062 0.69 0.138 < * « 2 GP
87,141 62.4 0.23 13.02 0.030 0.46 0.059 * * * 2 DZ
87,198 61.5 0.41 13.38 0.055 0.91 0.123 e * * 3 GP
87,138 62.32  0.29 13.272 0.065 0.62 0.140 DZ2
GP3
4186 0330450527 STF 748 AB
X711 32.1 0.21 8,93  0.052 0.81 0.138 ST * 3 GP
87,111 314 0.11 8.58  0.044 0.23 0.089 LR e 4 DZ
37,141 325 0.3t 8.93  0.058 0.70 0.129 . * * 2 GP
87,141 37 0.56 893  0.049 1.12 0.098 * * * 4 DZ
£7,198 317 0.31 8.70  0.089 0.71 0.200 * > * 2 GP
<7138 31.81  0.18 8.806 0.078 0.40 0.174 GP3
DZ2
86 036480527 STI 748 AC
BN 1315 0.27 12.72° 0.064 0.72 0.169 * 7.0 * 4 GP
37,111 131.5 0.45 12.78 0.027 0.90 0.054 * * * 4 DZ
£7,141 1329 0.37 12.84 0.062 0.82 0.151 > : * 2 GP
87,141 1314 0.31 2,48 0.040 0.62 0.081 * - * 4 DZ
87,198 131.6 0.33 12.77 0.068 0,73 0.151 & . * 3 GP
ST 131,54 0.27 12,701 0.064 0.64 0.151 DZ2
GP3
4186 0330450827 STF 748 AF
37411 351.2 0.32 419 0063 ~ 086 0.179 * » * 3 GP
4186 0S3N450827 STI' 748 DA '
] 276.1 0.20 21.34 0,064 0.41 0.129 & b * 2 DZ
87,341 276,35 6.1t 2i.12 0.054 0.22 0.108 * * * 2 DZ
87,126 27620 GI0 21.230 0.110  0.12 0.127 DZ2
A8y 0830450527 STE 746__CF
87,111 ek 0.55 3.78  0.048 1.45 0.126 7.0 12.0 * 3 GP
4186 0S30480527 STF 748 DB .
87.117 300.0 0.15 19.40 0.037 0.30 0.073 * » = 4 DZ
$7.141 3002 0.07 19.49 0.033 0.15 0.066 * * » 2 DZ
87,341 300.3 0.26 19.43 0064 058 0.156 * * * 1+1  GP
37193 2992 0.27 19.35 0.070 0.61 0.157 SR *1+1 GP
§7.043 29994 0.22 19.414 0026  0.41 0.048 DZ2
GP2
4329 05394N0347 STF 788 AB
§7.207 87.4 0.83 7.28  0.079 1.85 0.176 8.0 10.0 * 2, GP
4329 03394N0347 STF 788  AC
87.20¢ 137.6 0.15 3594 0.078 0.31 0.156 8.0 105 * 2 GP
5107 36 STF 919 AB
0.50 717 0.066 1.31 0.175 * * * 3 GP
5107 0624050638 STF 919 BC
§8.157 106.2 0.47 X * 1.25 ® L * 3 GP
07066N2724 STF 1037 _AB
§8.253 3202 0.25 1.27  0.009 050 0.019 * * 00 2 DZ N
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Table 1 (continued)
ADS t 0 ag P ap a(6) alp) m; my, Am Q Obs Note
6336 07377N6418 STF 1127 AB
! 87.196 3399 0.32 5.49  0.057 0.65 0.114 75 9.0 = 3 GP
87,196 340.8 0.22 5.18 0.045 0.43 0,090 7.0 88 = 2 DZ
87.207 339.2 0.25 5.41 0.040 0.50 0.081 80 90 * 4 GP
87,207 3410 0.31 5.15 0.036 0.62 0.071 & e d 4 DZ
87.203 340.16  0.44 5.313 0.084 0.91 0.174 GP2
DZ2
6336 _O737IN6418 ST 1127 AC_
87,196 175.0 0.48 11,62 0.142 0.96 0.284 7.5 100 * 3 GP
87.196 178.3 0.07 11.34 0,063 0.15 0,125 % * * 2 DZ
87,207 176.9 0.33 11,31 0063 0.67 0.126 e * * 2+2 GP
87.207 1777 0,24 11,39 (.u45 0.49 0.089 * * * 4 DZ
87,203 176.92 0.67 11,411 0.069 1.39 0.143 GP2
DZ2
6364 0741IN3340 STI 1135 AB
88,272 215.1 0.49 19.82 0.105 0.98 0.210 6.0 105 * 3 GP N
6364 07411N3340 STF 1135 AC
88,272 342.6 0.10 91.83 0.214 0.21 0.429 6.0 10,5 * 2 GP
6650 08065N1757 STF 1196 AB _
87,207 209.0 0.49 0.81 0.015 0.98 0.031 i * - 2 GP
87.207 209.2 0.70 0.70 0.016 1.39 0.031 L * * 2 DZ
87.262 208.2 0.81 0.76 0.010 1.81 0.021 80 8.2 ~* 2 GP
87.262 210.1 0.24 0.63 0.019 0.49 0.037 78 80 ~* 2 DZ
87.234 209.13  0.39 0.725 0.039 0.64 0.063 GP2
DZ2 N
665_9 ()‘Sg_f’éfﬂﬁ7 STEF 1196 AC
87.207  81.9 0.42 576  0.063  0.84 0141 *+ x * 2 GP
87.207 85.7 0.51 5.70 0.040 1.01 0.081 * * * 2 DZ
87.262 82.0 0.58 5.79 0.059 1.17 0.132 80 90 ~* 2 GP
87,262 80.8 0.20 5.66 0.057 0.39 0.115 7.8 85 * 2 DZ
87.234 82.60 1,07 5.727 0.029 1.74 0.048 GP2 N
DZ2
6700 08100N4072  ES593  AB
87.262 342.0 0.26 20.38 0.068 0.58 0.135 9.0 10.0 * 3 GP
87,262 340.9 0.23 20.54 0.086 0,46 0.172 88 85 = 2 DZ
87.264 341.6 0.09 20.56 0.044 0.19 0.088 85 95 =~ 4 GP
87,264 341.7 0.24 20.54 0.040 0.49 0.07z 90 97 ~* 2 DZ
87,263 341,60 0.21 20.504 0.044 0.41 0.084 GP2 N
DZ2
6700 08100N4072 ~  ES593  BC _
87.262 213.0 0.79 4.30 0.062 1.76 0.125 10,0 107 * 3 GP
87.262 210.8 0.38 4,44  0.061 0.75 0.136 95 10,0 * 2 DZ
87,264 207.8 0.62 4.68 G.055 1.39 0.124 9.5 10.0 * 2 GP
87.264 2108 0.26 457 0.072 051 0.144 9.7 10.0 * 2 DZ
87.263 210.87 1.10 4,476 0.08S 1.90 -0.148 GP2
DZ2
67717 0817851022 HU 116 AB
87.264 172.5 0.44 2.04 0.028 0.98 0.063 10.0 101 * 5 GP
87,264 170.0 0.27 1.41 0.056 0.53 0.112 10.0 103 3 DZ
87.264 171.56 1.21 1.804 0.305 1.98 0.498 GP
DZ
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MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

Table 1 (continued)

ADS t [} og p op o(6) o(p) m; mp, Aam Q Obs. Note
i 0817851022 HJ 784 AC
87.264 11.1 057 18.14 0.088 1,27 0.198 10.0 10.5 * S GP
87.264 10.8 0.23 17.46 0.120 0.46 0.240 10.0 105 * 3 DZ
87.264 10.99 0.15 17.885 0.329 0.24 0.538 GP
DZ
811 0827N2452 STE 1224 A-BC
§7.210 489 0.38 5.38 0,059 0.77 0.118 * » 05 2 GP
87.210  50.1 0.69 5.49  0.060 1.38 0.119 85 9.0 ~* 2 Dz
87.262 48.6 0.10 5.83  0.059 0.21 0.132 65 70 * 4 GP
87,262 19.5 0.24 6.07  0.032 0.48 0.064  * * 2 2 DZ
87,264 50.2 0.33 5,76  0.051 0.66 0.103 3 & 0.7 4 GP
87.264 49,5 0.15 5.66  0.026 0.30 0.052 7.0 7.4 * 4 DZ
87,297 49.8 0.22 5.67 0.041 0.50 0.091 80 85 * 3 GP
87,297 499 0.27 5.60 0,054 0.54 0.107 80 86 * 4 DZ
7,360 18.9 0.15 5.82  0.077 0.30 0.155 * # 0.5 4 GP
87,360 50.2 0.10 5.62  0.045 0.21 0.089 71 76 * 4 DZ
§7.287 49.56 0.19 5.698 0.051 0.63 0.170 GPS N
DZS5
49 0B460N1230 STF 1287 AB
8272 86.5 0.53 1.75°  0.032 1.10 0.064 & g = 3 GP
_7049  08460N1230 _STH 1287 AC
5.272 °7.5 0.47 15.5% 0.109 0.95 0.219 » . & 2 GP
8100 11088N7361 STE 1516 AB
88321 1036 0.19 56.34 0.068 0.39 0.137 * * 00 2 Gp
100 11088N7361 STTS39 AC :
88,321 321.5 1,177 7777630 0.189 2.35 0.378 * 13.0 * 2 GP
8338 11S1IN3560 STT 241 AB
T RIO6 1445 0.32 1.63  0.026 0.65 0.052 75 85 = 2 GP
¥7,264 1431 0.77 1.63  0.026 1.54 0.052 75 85 * 2 DZ
87.297 143.8 0.36 1.51  0.029 0.73 0.059 85 100 ~ 3 GP
87,297 1424 0.84 152 0.045 1.67 0.089 85 10.0 * 2 Dz
87,360 1441 0.65 1.53  0.022 1.30 0.045 80 9.0 * 4 GP .
57,360 141.7 0,74 1.48  0.017 1.48 0.033 7.0 85 * 4 DZ
87,429 138.7 0.37 1.47  0.019 0.73 0.039 80 92 * 3 GP
87.429 141.7 n.48 1.58  0.021 0.96 0.042 7.7 9.0 * 4 DZ
87,440 146.0 0.53 1.48  0.014 1.06 0.027 80 95 * 2 DZ
87,440 139.1 0.65 1.44  0.028 1.72 0.075 - * * 3 GP
87,366 14230 0.71 1.522 0.020 2.20 0.061 GP4
DZ5 N
8440 1204351118 STF 1604 AB
88.321 84.8 0.39 894 0.187 0.78 0.374 75 100 * 2 GP N
8440 12043S1118 _ STF 1604 _AC
83,321 49.9 0.22 12.05 0.129 0.45 0.259 75 9.0 * 2 GP
8506 12136N1181 STk 1628 AB _
88.354 239.4 0.43 9.63 0.153 0.87 0.306 * 02 2 GP
88.354 239.0 0.17 9.78  0.122 0.34 0.243 85 89 * 2 DZ
88.354 239.20 0.20 9.705 0.075 0.23 0.087 GP
DZ
8506  12136N1181 STF 1628  AC
88.354 346.4 0.18 45.92 0,152 0.36 0.30S e * = 2 GP
88.354  346.2 0.23 45.56 0.059 0.45 0.118 * * 1.2 2 DZ
88.354 346.30 0.10 45,740 0.180 0.12 0.208 GP
DZ
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Table 1 (continued)

ADS t [} o9 p ap o(6) o(p) m; m; Am Q Obs. Note
8539 12194N2568 STI 1639 AB
8.414 3242 0.97 % * 1.94 * 6.6 7.8 * 2 DZ N
_3601 _ 12300N"760 STE 1658 AB _
88.411 16.1 0.80 2.59 0.042 1.80 0.093 80 95 =~ 3 GP
88.412 16.2 0.30 2.66 0.021 0.61 0.043 7.5 9.0 * 4 DZ
88.412 16.16 0.05 2630 0.035 0.08 0.053 GP
DZ
_B601  12300N0760 ~  STF 1658 AC
88.411 265.2 0.07 124,07 0.080 0.15 0.160 80 85 * 3 GP
8695 12484N2147 STF 1687 AB
88.401 175.1 0.81 0.93 0.023 1.62 0,047 * * 25 2 GP
88.401 165.5 0.72 0.95 0.021 1.44 0.042 50 64 1+1 DZ
88.401 170.30 4.80 0.940 0.010 5.54 0.012 GP N
DL
8695 12484N2147 - STF 1687 AC
88.401 126.4 0.26 28.76 0.127 0.52 0.254 * 100 * 2 GP
9136 14056N2664 STF 1808 AB
86.473 78.2 0.55 2.44 0.030 1.24 0.068 * » 0.5 2 GP
87.298 78.4 0.13 2.41 0.047 0.27 0.095 z * 1.0 3 GP
87.360 789 0,17 2.55 0.025 0.34 0.050 95 100 * 4 GP
87,360 80.7 0.26 244 0.015 051 0.031 8.8 9.0 * 4 DZ
87.379 78.0 0.66 2.40 0.057 1.62 0.140 * ® 0.7 2 GP
87.232 79.07 0.51 2458 0.029 1.15 0.064 GP4
: DZ1
9136 14056N2664 STF 1808 AC )
87.379 111.0 0.48 59.20 0.115 1.19 0.282 L * * 2 GP
9338 14360N1651 STF 1864 AB
87.459 109.7 0.35 5.59 0.036 0.70 0.072 & * 0.5 2 GP
87,459 111.5 0.29 548 0.050 057 0.100 * * L] 2 DZ
- 87.459 110.60 0.90 5535 0.055 1.04 0.064 GP
DZ
9372 14406N2730 STF 1877 AB
88.510 342.8 0.54 2.40 0,070 1.08 0.140 * ™ * 2 GP
9372 14406N2730 STF 1877 AC
88.510 255.7 0.26 176.45 0.530 0.52 1.061 * * i 2 GP
9514 1503650036 STI 3090 AB
88,412 281,0 . 0.14 1.01 0.028 0.27 0.040 83 87 * 2 DZ
88.576 275.9 0.62 0.83 0.017 1.23 0.034 83 87 * 2 DZ
88.494 278.45 2.55 0.920 0.090 2.94 0.104 DZ2
9514 15036S0036 STF 3090 AB-C
88.412 128.1 0.18 91.11 0.171 0.36 0.342 & » 4 2 GP
88.576 128.5 0.12 91.02 0.128 0.25 0.256 * * e 3 GP
88.510 128.34 0.20 91.056 0.044 0.25 0.057 GP2
9626 15207N3742 STF 28 AB
88.576 171.3 0.11 108.94 0.080 0.22 0.179 50 80 * 3 GP
88.576 1714 0.06 108.48 0.040 0.11 0.080 * - * 4 DZ
88.576 171.36  0.05 108.677 0.228 0.08 0.348 GP
DZ
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Table 1 tcontinued)

MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

ADS t 0 ag P ap a(8) a(p) m; m; Am Q Obs. Note
9626 15207N3742 STE 1938 BC
T8 376 T L 0.40 708 0.046  0.81 0.093 80 85 3 GP
88.576 124 04 226 0042 0385 0.083 72 78 * 4 DZ
88,476 1184 .64 2183 0.089  0.98 0.136 GP,DZ N
M9 [3296N2663  STI 1953 AB
s 2380 N0 736 0.188 021 0376 * i 2 GP
8,401 2370 Q44 805 0050 089 0.10 87 9.3 2 DZ
98,488 3381 0.29 774 0035 0.64 0.079 -+ E 0.3 4 GP
38,444 23782 0.34 7.723 0173 055 0.282 GP2,DZ1
eyt 1SI9ON2663 VAR AC
S5.401 49 1.04 1987 0.330  2.09 0.661 * * g 2 GP N
AR.4E3 370 0.36 19.74 0,172 0.73 0.384  * * . 2 GP N
SNEER! 3595 1.05 19.805 0.065 1.21 0.075 GP2
lie _P33ISN3968 CSTT 298 AB-C
K357 3377 00 122777 0.066  0.12 0.133  + & * 4 GP
83,671 328 0.0% 12209 0093 0.10 0.209  + 3 * 3 Fp N
3257 32787020 122,193 0.080 030 0.136 GP2
U861 15530N4137 CSTH 1991 AR
TUURIEGTTTTTI49 0 04l 25 0035 084 0.070 85 92 - 4 DZ
S5568 JU93 0,58 251 0.051 .11 0.103 85 95 = 4 GP
§S 16 67,35 248 2,645 0135 4.00 0.220 DzZ,GP
93 COSHL 199l C-AB
SXFe8 T 2678 007 9439 0163 0.15 0.364 7.8 * g 4 GP
USAT 45N2165 STV 1990 AC
- 7,360 s9n 0.4 3961 0156 0.28 0.312 85 9.0 ~* 2 GP
uyis ISSXUSTIOA STE 1990 CB
57,361 TaE 627 3.76 0045 0.54 0.091 9.0 9.1 = 2 GP
97,361 63 0030 392 0.03t 061 0.062 9.5 95 * 2 DZ
87,361 0640 070 3840 0.080  0.81 0.092 GP, DZ
A b SIE 1998 AB
6T 0as 0.97  0.029  1.22 0.065 : 02 2 GP
360 0.25 0.95 0.017 051 0.034 48 51 * 2 DZ
333 094 1.07  0.029  2.11 0.065 » . » 2 GP
326 073 1.04 0.0 1.6 0.072  * * » 2 Dz
34,47 0.89 1.007 0.028  1.46 0.046 GP2,DZ2 N
909 1558951106 STE 1998 AC
87,429 iz 0.79 7.89  0.050 157 0.111 * 30 2 GP
£7,429 490 0.31 7.83  0.077  0.61 0.154 48 72 * 2 DZ
87,432 168 0.38 7.61  0.080 0.76 0.160  * = 2 GP
87.432 474 0.82 7.72 0.165 1.65 0330 * 5 . 2 DZ
87,43; 4760 048 7763 0062  0.79 0.101 GP2, DZ2
9969 1608B6N1348 STF 2021 AB
§83.155 3326 0.23 306 0098 048 0.196  * = 00 2 GP
88,353 3517 0.14 419 0062 028 0.124 67 68 * 2 DZ
88,401 3535 044 4.04 0088 088 0.177 * * » 3 GP
98401 3520 Q.58 4,08 0022 1,11 0.045 85 85 * 4 Dz
88516 3523 0.7 415  0.023 034 0.046 6.7 69 * 2 DZ
§5.404 35259 0.28 4095 0.027  0.58 0.055 DZ3, GP2
89




G.M. POPOVIC and D.J. ZULEVIC

Table ! (continued)

ADS t '] ag ) op o(8) olp) m; m, Am Q Obs. Note
9969 16086N1348 STF 2021 AC

88.354 119.0 0.06 210.05 0.194 0.11 0.336 * * ¥ 3 GP

88.401 118.6 o 209.75 * * * * * * 3 GP N

88.377 118.80 0.20 209.900 0.150 0.28 0.212 GP2
10036 16198N3335 BL 951 AB-C

88.568 38.2 0.19 115 0.015 0.38 0.031 i i 1.0 2 GP
10075 16245N1837 STF 2052 AB

87,462 130.7 0.20 1.43  0.014 0.39 0.028 79 80 * 242 DZ

87.551 129.6 0.38 156 0030 0,75 0.059 7.8 7.8 * 2+2 DZ

88,554 130.4 0,17, 1.53  0.014 0,33 0.027 78 7.8 ~* 3+3 DZ

87,955 130.26 0,31 1,510 0.037 0.66 0.080 DZ3 N
10193 16412N 3555 STF2097 AB

88.565 81.2 0.54 1.91 0.032 1.04 0.064 85 87 ~* 1+1 GpP

88.565 81.1 0.45 1.99 0,026 0.89 0.051 96 98 = 1+1 DZ

88.567 81.7 0.34 195  0.023 0.67 0.047 9.6 9.8 * 1+1 DZ

88,568 81.7 0.26, 1.88 0,034 0.52 0.069 85 8.7 * 1+2 GP

88.566 81.46 0.16 1,927 0.024 0.28 0,042 GP2,DZ2
10193 16412N3555 STF 2097 AC

88.565 6.9 0,12, 159.07 0.064 0.25 0.128 85 70 1+1 GP

88.568 6.9 0.06 159.39 0.063 0.13 0.127 85 8.0 =+ 1+2 GP

88.567 6.90 0.00 159.262 0.157 0.00 0.202 GP2 N.
10216 16435N2549 WEI 31 AB

87.448 318.4 0.26 477 0.044 0.59 0.098 9.0 9.1 ~* 2+2 GP

87451 3199 0.39 4,74  0.055 0.78 0.111 95 96 * 1+2 GP

87.451 318.5 0.36 497 0.044 0.72 0.088 95 95 = 1+1 DZ

87.536 317.5 0.68 4,78  0.069 1.37 0.138 * i 0.0 1+1 GP

87.544 3174 0.43 4.83  0.040 0.86 0.080 0.1 1+1 DZ

87.477 31847 045 4.805 0.038 0.93 0.079 GP3,DZ2
10216 16435N2549 WEI 31 BC

87.448 259.2 0.21 30,41 0.102 0.42 0.205 9.0 92 » 2+1 GP

87.451 258.9 0.36 30.37 0.146 0.73 0.293 95 9.7 * 1+1 GP

87.449 259.08 0.15 30.394 0,020 0.19 0.025 GP2
10216 16435N2549 WEI 31 AC

87.451 249.2 0.17 28.19 0.070 0.34 0.140 9.5 103 * 1+1 DZ
10235 16479N 2850 STF 2107 AB

85.650 91.1 0,56, 1.38  0.008 2.10 0.021 EOE 1+1 GP

87.462 92.9 0.73 .11  0.010 1.47 0.021 70 88 * 1+1 DZ

88.516 89.1 0.19 1.35  0.008 0.39 0,016 65 80 * 1+1 DZ

88.551 92.6 0.69 1,19 0.012 1.38 0.024 6.7 82 * 242 DZ

88,554 93.0 0.12 1,24  0.007 0.25 0.014 6.7 82 * 242 DZ

87.9717 92.04 0.67 . 1.243 0.044 1.46 0.094 DZ3,GPt N
10345 17033N5436 STF 2130 AB

88.510 34.5 0.68 2.18 0.035 1.36 0.070 * * e 1+1 GP N
10394  17078N2121 STF 2135 AB

88.354 191.0 0.22 8.13  0.067 0.45 0.135 80 92 ~* 1+1 GP N

88.354 191.2 0.53 8,29 0.056 1.07 0.111 71 81 * 1+1 Dz

88,354 19110 0,10 8.210 0.080 0.12 0.092 GP, DZ



MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

able 1 (continued)

ADS t [} og I ap a(8) olp) m; m; Am Q Obs, Note
10781 1741580111 STF 2211 AB
88.488 1145 0.32 10.40 0.068 0.72 0.151 * ® * 2472 GP
w781 1741580111 STF 2211 AC
88.488 196.7 0.11 105.86 0.181 0.23 0.362 * A # 1+2 GP
11046 1_89%1’*122_32 ____STF 2272 AB
87.462 2545 0.23 153 0.009 0.46 0.018 » * 2.0 1+1 Dz
88.516 2527 0.25 1.82  0.027 0.49 0.055 41 6.1 + 1+1 DZ
88.551 2526 0.30 .70  0.017 0.60 0.034 41 6.1 * 1+1 DZ
88.554 251.0 0.32 1.51 0.014 0.72 0.028 41 6.1 * 242 DZ
88.327 252,36 0.75 1.614 0.072 1.37. 0.132 DZ4 N
11353 18221N0008 STF 2316 AB
88.576 320.2 0.37 3.58 0.044 0.74 0.088 L ” 1+2 GP
88.576 320.2 0.50 3,70  0.060 1.00. 0.119 55 78 * 1+1 DZ
88.647 318.7 0.64 3.60 0,061 143 0.136 60 90 ~* 1+2 GP
88.603 319.64 0,51 3,618 0.034 0.84 0.056 GP2, DZ1 N
11483 18314N1654 STT 358 AB
87.462 162.4 0.23 1.66 0.009 0.45 0.018 * * 0.2 1+1 DZ
88.551 159.4 0.34 1,57, 0.020 0.67 0.040 68 7.0 * 1+1 DZ
88,554 ° 160.2 0.18 1.56 0.015 0.40 0.030 68 69 * 3+3 Dz
88.677 158.0 0.26 158 0.023 0.52 0.046 70 712 * 2+2 DZ
88,680 159.5 0.10 1.67 0.018 0.21 0,036 70 7.2 o~ 1+1 DZ
88.464 159.74  0.66 1.592 0.021 1,52 0,049 DZS N
11632 18418N5927 STF 2398 AB
88,666 169.9 0.16 13.55 0.023 0.32 0.046 80 85 -~ 242 GP N
11632 18418N5927 STF 2398 AD
88.666 100.3 0.10 9153 0.180 0.21 0.361 8.0 110 * 2+2 GP N
11667 1841350064 STF 2379 AB
88,732 120.6 0.06 12.87 0.113 0.13 0.226 7.5 85 * 1+2 GP N
11667 1841350064 STF 2379 _AC
88.732 145.3 0.36 2480 0,115 0.73 0.258 7.5 12,0 * 1+2 GP
11811  18505N3715 BU 137 AB
88,571 159.8 0.46 1,67 0,041 0.92 0.082 8.0 83 * 1+1 GP
88.571 159.0 0.56 1.63 0.020 1.12 0.040 82 83 ~ 242 DZ
88.573 155.4 0.47 1.68 0.046 1.06 0.103 = * % 1+1 GP
88,573 156.4 0.32 144 0.023 0.64 0.046 82 84 * 1+1 DZ
88.572 157.92 098 1.610 0,050 1.80 0.092 GP2, DZ2
11811 18505N3715 BU 137 AC .
88571 146.3 0.75 2391 0.267 1.50 0.534 i i d 1+1 GP
88.573 146.2 1.03 23.83. 0.130 2.06 0.260 * * & 1+1 GP
88.572 146.25, 0.05 23,870 0,040 0.06 0,046 GP2
11902 _18545N1329 STF 2424 AB
| 88.661 296.4 0,10, 18.95 0.100 0.21 0.200 60 90 * 2+2 GP
.~ 11902 18545N1329 STF 2424 AC
o 88.661 2685 0.23 78.27 0.343 0.46 0.686 * . 1+1 GP
11916 18553N1244 STF 2426 AB

88,661 2610 0.20 16.35 0.149 0.40 0.298 80 90 . * 1+2 GP N




G.M, POPOVIC and D.J, ZULEVIC

Table 1 (continued)

ADS t 0 og p ) o(p) m; m, Am Q Obs. Note
11971 1857680051 STF 2434 AB

88.647 96.4 0.11 26.05 0.032 0.27 0.079 ¥ N * 1+2 GP N
12026 19008N1343 BU 287 AC

88,729 76.7 0.13. 160.75 0.164 0.27 0.366 30 120 * 1+2 GP N
12026 19008N1343 x AD

88.729 151.0 0.13 202.34 0.177 0.26 0.395 3.0 10,0 * 1+2 GP
12029 19009N0624 STF 2446 AB

87,672 153.8 0.36 9.44  0.092 0.81 0.205 8.0 10.0 1+1 GP

87.672 152.8 0,16 9.45 0.080 0.32 0.160 8.0 9.8 * 1+1 DZ

87,708 150.3 043 9.55 0,086 0.87 0.172 7.0 9.9 * 1+1 GP

87,708 152.7 0.19 9.48 0.075 0,38 0.150 7.5 9.0 * 1+1 DZ

87.690 15240 0.4, 9.480 0.025 1,21 0.041 GP2,DZ2
12029 19009N0624 STF 2446 AC

87.672 3448 0,34 36.10 0.195 0.76 0.437 * = 1+1 GP

87.672 3444 * 36.65 * * * 80 13.0 * 1+1 DZ

87.708 347,6 , 0.27 36.21 0.109 0.53 0.218 90 11,0 * 1+1 DZ

87.708 345.7 0.40 36.50 0.087 0.81 0.174 7.0 9.5 * 1+1 GP

87,690 345.62 0.71 36.365 0.127 1.16 0.207 GP2, DZ2
12071 19040N2939 STF 2466 AB

88.565 103.7 1,17 240 0,03t 2.35 0.063 * J = 1+1 GP.

88,565 103.7 059 236 0.032 1.18 0.064 85 9.0 * 1+1 Dz

88,567 104.9 0,26 2.58  0.029 0,52 0.058 80 85 3+3 DZ

88.568 101.7 0.25 229 0.022 0.50 0.044 80 83 ~* 3+3 GP

88.567 103,52 0.84 2.421 0.074 1.95 0.171 GP2, DZ2
12071 19040N2939 STF 2466 AC

88.568 140.9 0.08 98.79 0.150 0.17 0.301 8.0 100 * 2+2 GP
12240 19127N4954 STF 2496 AB :

88.666 80.3 0.61 2.01 0,015 1.37 0.033 7.0 11,0 * 1+2 GP
12240 19127N4954  STF 2496 AC

86,666 2417 . 0.05 185,70 0.105 0.12 0.234 7.0 10.0 * 1+2 GP N
12708  19332N0007 BU249  AB

88.571 118.6 . 0.78 0.64 0.013 1.56 0.026 75 96 * 1+1 DZ

88.737 1159 = 047 0.91 0.009 0.94 0.017 75 95 * 2+2 DZ

88.740 115.8 0.26 0.89 0.010 0.53. 0.020 72 92 * 242 bz

88.705 116.40 0.78 0.848 0.074 142 0.135 DZ3
12880 19418N4453 STF 2579 AB

88.737 230.4 0.19. 242 0.013 0.39 0.026 30 80 * 2+2 DZ

88,740 230.2 0.07, 243 0.016 0.13 0.033 » . * 2+2 DZ

88.738 230.30 0.10. 2.425 0.005 0.16 0.008 DZ2 N
12913 19426N3330 STF 2580 AB

88.647 69.3 0,05, 26.36, 0.097 0.12, 0.218 * * & 1+2 GP N
12913 19426N3330 STF 2580 AC '

88.647 128.6 0,04 115.74 0.052 0.09 0.104 * = = 1+2 GP
13464 20076N5639 ES 132 AB

88,737 84.1  0.07. 5.46  0.080 0.14 0.179 9.0 9.1 * 1+2 GP

88,737 84,2 042, 5.45  0.090 0.83 0.202 86 87 * 142 DZ

88,737 84.15. 0,05, 5.455 0.00s 0.07 0.007 GP, DZ
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MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

Tahle 1 (continued)

ADS t 0 ag P ap a(8) o(p) m; m; Am Q Obs. Note
13544 20076NS639 ES 132 AC
88.737  63.0 0.16 3392 0.080  0.32 0179 9.0 88 * 1+2 GP
88.737 618 0.16 33.84 0115 031 0258 * * * 242 DZ
88,737 6231 059 33.874 0.040 091 0.060 GP, DZ
13524 20123N7725 STF 2675 AB
88729 121.0 041 691 0079  0.83 0159 40 110 * 142 GP N
13524 20123N7725 STI 2675 AC
88,729 335.0  0.11 173.02 0.149  0.23 0334 4.0 100 * 1+2 GP
13728 20166N3905 STF 2668 AB-C
88.748 2823 0.51 323 0.064 1.13 0144 80 100 * 1+1 GP N
88,748 2842  0.24 3.16 0,031  0.48 0061 7.0 9.0 * 1+l DZ
88.748 28325 0.95 3.195 0.035 1,10 0.040 GP, DZ
13886  20237N1826 110131 _AB
88.732 2303 0.86 349, 0044 193 0.098 80 120 * 3+2 GP N
13886 20237N1826 AD
88,7327 974 0.13 88.07 0.154  0.26 0.3¢4 80 105 *  3+2 GP N
13886 20237N1826  HO 131  AC
88,732 7 73577770000 7432 0214 020 0429 80 105 * 242 GP
14185 20390N4951  ES9] AB
88,567 185.2 097 470 0.047 194 0.094 95 97 * 141 DZ
88.568  186,7 , 0.36 390, 0.006 072, 0013 98 100 * 1+1 GP
88.567  185.95 0.75 4.300 0,400  0.87 0.462 DZ, GP
14186 20390N4951 ES 91 AC
88567 2357  0.44 17.42 0.113  0.62 0160 * * * 141 DZ
88.568 2362  0.84 17.43 0232  1.68 0465 98 99 * 141 GP
88.567 23595 0.25 17.425 0005  0.29 0.006 DZ, GP
14233 20402N1157 STF 2723 AB
86,780 129.4  0.37 1.05 0.012 074 0.024 72 88 * 141 DZ
86.793 1257  0.25. 0.97 0.016 051 0032 69 87 * 1+#1 DZ
86.859 1255  0.13 1.03  0.008 0.7 0016 7.0 85 * 2#2 DZ
86.823 126,52 1.18, 1,020 0.021  1.92 0,035 DZ3
88.571 1314 088 1.0 0.020 197 0,044 7.5 9.0 * 1+ GP
88.571  129.6  0.27 1.04 0.009 0.54 0018 69 87 * 1+1 DZ
88.573 1267  0.55 1.15 0030 1.11 0061 77 80 *' 1+#1 GP
88.573 1314 = 1.33 1.08  0.017  3.25 0033 69 87 * 1+l DZ
88.572 12977 1,11 1.080 0.025 1,81 0.041 GP2, DZ2
14296  20435N3607 STT413 AB
86,709  16.8 1.21 0.84 0.019  3.20 0043 *+ * 10 1+1 GP
88.740  13.2 0.86 1.00. 0.011 192 0.023 50 65 * 1+#1 GP
88.740 155 0.47 0.97 0014 095 0028 50 63 * 1+1 DZ
88743 148 0.23 0.89 0.009  0.46 0018 = * *» 1+1 DZ
88,741 14,50, 0.68 0.953 0.033  0.96 0.046 DZ2,GP1 N
14296 20435N3607 S 765 AC
' 88740 1057  0.32, 83.36 0.109  0.64 0219 50 100 * 1+1 GP

AR
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Table 1 (continued)

ADS t ¢} ag ) ap o(8) o(p) my mp; Am Q Obs. Note
14573  20580N0108 STF 2744 AB
- 86864 125.6  0.66. 126 0015 1,32 0029 * * 04 141 DZ
86.865  121.8 = 0,32, 142  0.018  0.64 0037 * * 05 142 GP
86.867  121.6  0.19 1.38  0.041 038 0082 * » 07 1+2 GP
86.875 1242  0.34 126 0.015  0.68, 0030 * * 04 2¢42 DZ
86.869  123.18 0.19 1,330 0.041 180, 0,082 DZ2,GP2 N
88.551  127.6  0.22 121 0.010  0.44 0.021 7.0 75 * 1+1 DZ
88,554 1266  0.21 120 0.008 043 0015 7.0 7.5 * 2+42 DZ
88.563 1272 . 0.19 128 0009 0.37 0,018 70 75 * 242 DZ
88.677 1259 = 0.27 1.21  0.01y  0.54 0.038 -~ 7.0 7.3 * 141 DZ N
88.577 126,85 0.32. 1.230 0.021  0.64 0.041 DZ4
14773 21096N0936 STF 2777 AB-C
88.721 3378 017 60.35 0,067  0.34 0,149 * o 1+2 GP N
14889  21166N3202 STT 437 AB
88.675  25.0 0,34 2.16 0.012 0.8 0.025 7.0 172 * 1+1 Dz
88,677  25.2 0.26 204 0009 053 0,018 69 ,76 * 2+2 DZ
88.743 248 = 0.0 2.12 0066 100  0.147 80 85 * 1+1 GP
88.743 245 0.37 221 0.024 0.74 0.048 69 ,7.6 * 1+1 DZ
88.746  25.3 0.51 210  0.021 102 0043 75 80 * 2+2  GP
88.746  25.0 0.11 2,17, 0025  0.23 0050 69 ,7.6 * 2+2 Dz
88.757 274 ., 047 2.14 0.028  1.04 0.063 * * 05 1+1 GP
88.757  25.5 0.16 2.08 0.055  0.33 0.110 68 75 * 1+1 DZ
88.728 . 2529 0.7, 2.121 0.020 0.73 0.054 DZ5, GP3
14889  21166N3202 STT 437 __AC
88,743 1418 , 0.1 80.71 0.067 0.3  0.134 80 100 * 1+1  GP
88.746 1422 . 0.09. 80.43 0.108  0.19 0.216 7.5 10.0 * 242 GP N
88.746 1414  1.20 80.99 0,050 0.1 0,100 69 ,105 * 242 DZ
88.745 141,80, 0.25 80710 0.177 046,  0.323 GP2, DZ1
14954  21202N0857 STF 2793 AB-C
88,737 242.0  0.05 26.62. 0.050  0.11 0.101 80 .9.0 * 242 GP . N
15007 21240N1039 STF 2799 AB
88.675 2632 . 0.25 172, 0012 051 0.025 75 1.5 ,* 1+1 Dz
88,677  265.2  0.32, 186, 0016  0.64 0.031 -~ 7.5 75 * 1+1  DZ
88.797  265.1  0.84, 1.67 0.024  1.87 0.053 * o 1+1 GP
88.797 2645  0.30 171 0010  0.59 0021 75 .15 * 1+#1 Dz
88.737  264.50, 0.46. 1.740 0.041  0.75 0.068 DZ3,GP1 N
15896  22188N2021 STF 2900 AC
88,647  309.8  0.06. 86,10, 0.098 0.13 0239 =+ o+ = 1+2 GP
16317  22474N6109 STF 2950 AB
86.788  286.8  0.25, 1.53, 0.022 057 0.050 * * 1.0 142 GP
86.788  287.3 , 0.68 148 0.018 1,35, 0037 * * 10  1+1 DZ
86,791 2888  0.43 151, 0.033  0.87 0067 * * 05 3+3 GP
86.791  289.2 . 0.30, 1,38, 0,007 060, 0014 * * 04  3+3 DZ
86,856  287.1 , 0.31. 1.44. 0.008 0.63 0017 * * 11 1+1 Dz
86.859  285.8  0.62 157 0037 124, 0074 * * 0.8 1+1 GP
86.859 ~ 2867  0.43 1.59. 0023 085 0.047 *+ * 1.0  1+1 DZ
86.808 28792 0.48. 1.482 0029 1,34,  0.080 DZ4, GP3



MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

able 1 (continued)

ADS t 6 oy p 9y o(6) olp) m; mp; Am Q Obs. Note
16345 22492N4413 BU382 AB
88,740 212.3 1.33 1,00 0.017 327 0.034 75 .85 * 1+1 GP
88.740 2111 . 0.47 0.89 0.024 0.94 0.047 60 80 * 1+1 DZ
88.740 211,70 0.60 0.945 0.055 0.69 0.064 GP, DZ N
16345 22492N4413  HI 1828 AC |
88.740 359.0 0.27 28.80. 0.037 054 0.074 ® . * 1+1 GP
8.740 358.6 0.38 28.87 0,076 0.75 0.153 60 90 * 1+1 DZ
88,740 358.80 0.20 28.835 0.035 0.23, 0.040 GP, DZ
16649 23125580164 - BU 79 AB
86.712 22,9 0.41 1.58 0,024 0.92 0.048 & * 1,5  2+2 GP
86.862 227 0.92 1,60 0.112 2.05 0.250 : ¥ 1.2 1+1 GP
86.862 20.8 0.44 151 0,019 0.87 0.037 * % 1.0 1+1 DZ
86.865 234 1.10. 1,82 0.044 2.21 0.089 * * 1.5 1+1 GP
86.865 20.3 0.41 1.55 0.027 0.82 0.053 ot E 1.0 1+1 DZ
86.813 22.17 059 1,607 0.050 1.17 0.100 GP3,DZ2 N
16928 23363N3201 BU 858 AB
86.780 233.3 0.85 0.80 0.018 1.70 0.037 80 85 +* i+1 GP
86.780 231.6 0.50 0.77 0.014 1,00 0.028 7.5 85 = 2+1 DZ
86,791 2317 . 0.83 0.79  0.008 1.85 0.017 * = 05 2+2 GP
86,791 230.1° 0.36 0.78 0.012 0.71. 0.023 * * 05 2+2 DZ
86.856 230.5 0.13 0.86 0.009 0.26 0.019 74 89 * 1+1 DZ
86.859 23L1 . 0.25, 0.84, 0,012 0.51 0.024 *, * 1.0 1+1 GP
.86.859 230.8 0.41 ) 0.86 0.010 0.82 0.019 = * 05 1+1 DZ
86.809 231,25 0.38 0.806 0.014 0.95 0.035 DZ4, GP3
17149 23544N3310 STF 3050 AB _
. 86.728  316.5 0.23 1,72 0.027 0.46 0.054 * * 0.1 2+2 GP
86.774 316.6 0.37 1,60 0.017 0.73 0.034 7.2 7.2 - 2+2 DZ
86.775. 315.7 0.67 1,60  0.029 1.35 0.059 * ! 0.0 1+2 GP
86,777 315.3 0.37 1.66 0.028 0.82 0.056 70 7.0 * 242 GP
87,777 3161 0.10 1.64 0.012 0.20 0.024 70 1.0 * 3+3 DZ
86.856 316,5 . 0,10 1,64 0,013 0.20 0.027 . £ 0.0 , 2+2 DZ
86.859 317.1 0.32 1.73  0.036 0.64 0.081 * * 0.1 242 GP
86,859 3165 . 0.25 1.69 0,029 0.51 0.058 L2 * 0.0 242 DZ
86.800 316.29 0.19, 1,661 0.017 0.64 0.056 GP4,DZ4 N
In relations (1) m is the number of readings >
i . . Z@®;-9)
(settigns); later O denotes the value of the micrometer 0(0)=v/ —1—= (1c)
rvolution for a given temperature of observations. In m— 1
" the reductions the errors of the micrometer screw are
also taken into account, as earlier. il m
The well-known relations in this case acquire a '21 a; X b
following form P + B _i=t (1d)
m m
m
z 0 ) o
e (1a 0 = = s
S pP=3 (a—b) (1e)
_a(6) (1b) _0 [fa, 2
=Um Op)=FTVeate (1
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/2 (ai 5y =
=R A 1( £3)

0, =42 (ih)

The results of measurements performed on several days
(evenings) are presented througiithe weighted mean
values in a special row under the ones of individual
measurements ordered in the following way.

First row number contains the weighted mean value
of the observation time: t, (rel.(2a).

Second row number contains the_weighted mean
value of 0 from n observation evenings: 9 (rel. {2b)).

Third row contains the mean error of the weighted
mean 8: og (rel. (2c)).

Fourth row contains weighted mean of p from n
observation evenings: g (rel. (2d)).

Fifth row contains mean error of the weighted mean
p:0,,(rel.(2e)).

Sixth row contains dispersion of @ measurements
corresponding to a single evening: o(0(i)), (rel.(2f))

Seventh row contains dispersion of p measurements
corresponding to a single evening: o(p(i)), (rel. (2g)).

In relations (2f) and (2g) instead of the quantity Q
from column 11 of Table 1 we substitute Q/3 = p
achieving in this way that a measurement from an
observationally average evening has the weight p = 1,
Namely, in such evenings the image quality is most
frequently equal to 1 or 2 which is also valid for the
marks of the quality of measuring. In this way the value
of the sum Q is most frequently equal to 3,i.e.p=1

If 8, p and t from (1) are denoted as 8(i), p(i), t(i), (i
= 1 to n, n is number of nights), then the treatment of
the weighted mean values one can present with a
following set of relations

.nz_l pi t(i)
p— (2a)

Table 3. Notes

. Z med
S .
Z pi @)

(24)

_o(p@)

o= = (2¢)
’ VI pi
0@ @) =y 20" &

o(pi) =y DAL= AL (2

The derivation of the weighted mean values could also
be on the basis of the errors derived for individual
measurements (from which the weights could be deriv-
ed), but with regard that each of our measurements has
already estimated weight Q, i, e.p we use these estimated
weights which seem to be real in the final data
treatment.

3. NOTES

The notes from this section are comments of the
observers expressed during the observations. Compar-
sons of the present observations to the ephemeris of 25
orbital pairs contained in this series (Couteau, P, Morel
P J., Fulconis, M., 1986) are also given.

ADS Notes
684 AB Baize, 1964: +0°9. — 005
1548 AB Zulevié, 1981: +0°4, +0"1 1
1630 BC Muller, 1957: +1°8, +0718
2122 AB Rabe, 1961: +1%, -0"13
3093 BC Heintz, 1964: +0°9, —0.87 .
3991 BC BC round (Bos, 1962: p (1988.0) =0.17)

96




MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

Table 3 (continued)

ADS Notes .

5871 Karmel, 1939: +206, -0703,

6364 AB mpg =me (IDS: mg =11 4 me =104)

6650 AC Gasteyer, 1954: +4.5, —0. 20 ghe orbital elements corresponding to the multiple AB—C).

6700 AB The measurements reported here don’t fit well into the measurements of IDS Catalogue:
IDS: AB 1908, 1957, n = 2, 6: 2300, 250°; p: 198, 20'4
IDS: AC 1894,1957,n =3, 9: 211, 208; p:4.6, 6.1

6811 A-BC BC single.
8355 AB The component P (m¢ = 70, pac = 30.4) is not seen in four mghts (GP, DZ).
8440 AB The componc:it  is brighter than B.
8539 AB Aller, 1951: — 007, —,
8695 AB Heintz, 1973: ~1°1 —-0 5.
9626 BC Baize, 1952: —0°5, —-0 ‘04
9695 AC The component C barely visible,
9716 AB-C AB not noticed as a double, According to Orbit (Couteau, 1966) PAB for 1988.0 is 0%29,
9909 AB Baize, 1942: —0°4, 0"10
9969 AC Measurement from 1988. 401 based on only one setting,
1007S AB Siegrist, 1950: +0°7, —0'14
Scardia, 1984: —-6%0, —-0"18
10193 AC Measured component C (770) does not correspond to he component given in Catalogue IDS (12™74), We

have been probably unsuccessful in registrating the component mentioned in the Catalogue. The component
reported here is as d1stant as four times then the catalogue one,

10235 AB Rabe, 1927: -0°1, —0 '16.
10345 AB Heintz, 1981: +194, 0"08. C unseen,
10394 AB 0(AC) = 20799,
11046 AB Heintz, 1973: +193, -0%01
11353 AB Component P not notlced
11483 AB Heintz, 1954: +492, +0.12
11632 AB Heintz, 1968: +0.2, —0"01
11632 AD Pair AD measured in conviction that it was AC. However, after derivation of rectilinear trajectory of AC
ephemeris of C for 1988,666 found to be ¢ = 160926, p = 194"3 (1950), hence our measurement done for AC,
11667 AB System’s surroundings with no stars,
11916 AB A is redish; C unseen,
11971 AB C hardly seen in pair BC.
12026 AC Close pair AB unseen, D component joined the system and measured for the first time; it is brighter than C.
12240 AC There are two faiter stars at significantly smaller distance to C.
12880 AB Baize, 1973: + 295, — 0"01
12913 AB B component seems to be double.
13524 AB B fainter than C,
13728 AB-C System is a member of a star cluster,
13886 AB Clear point core,
13886 AC Measurement not agree with earlier ones,
13886 AD This pair has not been registrated yet, It is possible that the components C and D are mixed up.
14296 AB Baize, 1983: +196, +004
14573 AB Hopmann, 1960: +404, — 0'21
Popovié, 1969: +6.5, —0'02
14773 AB-C Most likely wrong pair measured.
14889 AB In immediate surroundings another triple system registrated

Its close being measured by Popovi¢:
1988.743 20491 7\30.

14954 AB-C AB not seen,

15007 AB Popovi¢, 1987: °l°1 +0 04

16345 AB Muller, 1954: —1.9 ——0 04.

Rabe, 1961: _2°9 —0'09

16649 AB Heintz, 1962: +0 6, +0"08

17149 AB Heintz, 1974: ~2°%0, +0'05

REFERENCES Couteau, P, Morel, P.J., Fulconis, M986, Cinquieme catalogue
d’ephemerides d’etoiles doubles visuelles, Publ, Obs, de

Anosova, J.P.: 1988, Bull, Obs. Astron, Belgrade, 138, 13. Nice.

Anosova, J.P.: 1987, Astrofizika, 27, 535. Zulevi¢, DJ.: 1988, Bull, Obs. Astron, Belgrade, 138, 63,
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Table 1 (continued)

ADS Disc, Mult. Epoch P o Est, Mag, n Notes
IDS 1900+
1615 STF 202 86.873 28076 169 4.2-5.2 1
01569N0217 86.876 283.3 1.75 am=08 1 .
86.875 281.9 1.72 ) Rabe, 1943: +6°1,+0.09
Scardia, 1981: +1.7, —0.18,
2034 STT 43 86.873 5.4 0.94 Am =08 1
02349N2612 86.876 5.1 0.93 8.0--8.7 L . ‘
86.875 5.2 0.93 2 Heintz, 1962: +0°3, ~0°07.
2377 STT 50 AB 86.876 163.2 1.06 8.5-8.5 1 Popovié, 1972: +0%3, +0.04,
03027N7110
2446 STT 53 86.876 256.5 0.82 8.0-8.8 1 Rave, 1948: 573 002
03113N3816 Zulevi¢, 1984: —2°1, 003,
3193 STF 752 87.141 141.9 10.93 3.2-7.3 1
0530550559
6175 STF 1110 88.253 320.3 1.27 am=00 1
07282N3206
7092 STF 3120 $8.245 0.3 1.29 8.0-9.5 1
08494N4404
7286 STF 1333 88.253 50.5 1.93 6.4-6.7 1
09123N3547
7685 STT 213 88,253 125.9 0.84 Am=1.5 1 Heintz, 1962: +155, 007,
© 10075N2755 ' ,
7704 STT 213 88.253 182.2 1.36 7.3-7.4 1 Wierzbinski, 1956: +0%, —0707.
1010N1814 .
8119 STF 1523 88.253 75.7 1,74 44-49 1 Heintz, 1967: 0.0, +0:07.
11128N3206
8148 STF 1536 88.253 132.1 1.88 4.5-7.0 i Baize, 1951: 393, —0"20
11187N1105
8189 STT 234 87.429 1443 0.52 8.0-8.0 1 Couteau, 1965: 40, +0"11
11254N4150
8252 STT 237 87.297 250.4 1.72 8.0-9.5 1
11336N4142 87.360 2475 1.89 1
87439 248.4 1.65 1
87.431 249.3 1.92 1
87.379 248.9 179 4
8655 A 1783 87.297 217.9 1.54 9.5-95 1
12402N4358 87.360 219.3 1.78 1
87.431 215.3 1.63 1
87.442 215.9 1.76 1
87.377 217.1 1.67 4
8680 HU 640 87.360 157.7 0.53 8.5-8.6 1 Baize, 1983: --2%, -0'03
12458N2105
8709 A 2000 88.401 50.6 1.02 9.1-9.3 1
12517N4333
9031 STF 1785 87.462 163.0 3.21 Am =02 1 Strand, 1955: —1°7, —(20
13445N2729
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Table 1 (continued)

ADS Disc, . Mult. Epoch P p Est. Mag, n Notes
IDS 1900+ :
1 9563 A 1366 87.434 80% 375 8.5-10.0 1
15122N3440 87,440 84.3 4,12 1
87,437 823 394 2
9566 ST 1929 87.434 4.6 6.58 9.0-10.1 1
15126N 3361 87.440 8.3 6.56 1
§7.437 6.5 657 2
9174 ST 1816 87.360 89.9 0.72 7.5-7.6 1
14095N2934
9413 STI 1888 AB  87.442 328.1 715 5.0-6.0 1
14468N1931 87461 327.3 7.14 1
87.451 3277 714 2 Wiclen, 1962: +071, +0.05
9423 BU 31AB 87.442 217.1 1.85 82-95 1
14479N1869 87.451 2153 1.65 1
87.541 220.6 1.70 1
87.544 216.4 1.66 1
87.494 217.4 1.72 3
9880 STT 303 88.354 1659 1.35 7.4-1.7 1
15562N1335
9910 STt 1999 AR 87.429 100.1 11,63 7.8-8.0 1
1558951110
9982 Sy 2026 88.516 22.9 2,65 8.6-9.1 1 Heintz, 1963: +1°1, ~0"35
16111NO737
10036 BU 951 AB--C 88.565 38.3 1.10 8.2--8.7 1
16198N 3335 88.567 363 0.97 1
88.366 373 1.03 2
10070 STE 2049 88,516 197.8 1.32 6.5-17.5 1
16238N2572
10071 BU 813 88,516 1735 1.07 84-8.4 1
16239N2646
10285 STF 3107 AB  87.451 79.9 1.43 9.0-9.1 1
16539N0367 88.571 80.3 1.47 1
88.573 80.0 1.37 1
88.680 79.0 1.61 1
88569 79.8 1.47 4
10312 STF 2114 88.557 191.5 1.22 6.7-17.7 1
16572N08 36 88,562 190.6 1.25 1
§8.559 191.0 123 2
10429 A 2984 88.557 1.6 0.82 4.9-79 1
1711450020 88,562 16 0.94 1
88.559 1 88 2
10769 STF 2205 88,557 343.8 1.41 8.5-8,9 1
17413N1745 88,562 341.1 145 1
88.559 3425 1.43 2
10795 STF 2215 88.557 261.7 0.59 6.2-7.0 1
17427N1744 88,562 261.4 0.65 1
88,559 261.5 0.62 2
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Table 1 (continued)

ADS Disc. Mult. Epoch P p Est, Mag, n Notes
IDS 1900+ ‘
10814 HU 1182 88.557 322% 0'56 9.3--9.5 1
17451N3538 88.562 324.0 0.66 1
88.559 3233 0.61 2
11001 STF 2267 88,571 264.5 0.78 8.0-8.0 1
17584N401] 88.573 2617 0.77 1
88.572 2631 0.78 2
11568 STF 2384 AB  8Y677 1083 053 8.6-9.1 i Heintz, 1975: —4°9, +0"13,
18385N6702
11635 STF 2382 AB  88.551 356.; 2.33 5.1-6.1 1
18410N3934 88,554 3532 2.38 1
88.674 3512 2.66 1
88.680 352.3 261 1
88.615 3532 349 4 Guntzel-Lingner, 1956: +0°2, —0'14
11635 STF  2383CD  88.551 87.0 2.50 5.1-5.4 1
18410N3934 88.554 87.6 2.22 1
88.674 86.9 253 1
88,680 87.5 2.50 1
88.61 87. 2.4% 4 Guntzel—Lingner, 1956: +0°5 +0!15.
11711 STF  2400BC  88.557 204.5 0.84 8.2-1.1 1
18444N1609 88.562 204.5 0.71 1
§8.559 3045 077 2
STF  2400AB 88557 160.8 8.46 8.0-10.5 1
18444N1609 88,562 160.9 8.44 1
88.559 160.9 g8.45 2
11805 Ho 89 88.573 169.5 5.88 8.5-12.5 1
18499N3721
11897 STF 2438 88.677 3.8 0,91 7.0-7.2 1 Jastrzebski, 1959: +3°0, +0°00.
18558N5805
12050 STF  2455AB  88.557 32.1 7.90 7.4-8.4 1
19026N2201 88.563 32.1 7.97 1
§8.560 21 79 2
12447 STF 2525 88.551 2923 1.74 8.5-8.7 1
19225N2707 88.554 292.1 1.76 1
88.674 293.0 1.82 1
88.680 292.0 1.74 1 o
88.615 292, 1.77 4 Job Tamburini, 1967: +0.3, - 017,
12618 A 597 86.782 95.6 1.66 8.5-10 T
19305N4208 86.791 98.4 1.55 1
86.786 97.0 1.60 2
12889 STF 2576 AB  87.675 1720 2.20 Am =0.1 1
19418N3322 88.551 171.2 2.32 9.3-9.3 1
88.554 170.1 2.29 1
88.674 172.8 2.22 1
88.677 172.1 2.29 1 o
88.426 1716 2.28 5 Rabe, 1948: +2.2, ~0.03
12930 HU 758 88.554 145.3 0.78 1

19432N3307
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O

Table 1 (continued)

ADS Disc, Mult. Epoch P p Est. Mag, n Notes

iDS 1900+
12972 STT 387 88.737 155%2 02 7.2-82 1
19450N3504 88,740 154.8 0.62 1
88.738 155.G 0.62 2 Baize, 1961: +1°5, +0'02
13649 BU 984 86.774 2527 0.78 8.7-9.0 1
20134N2604 86,777 250.5 0.70 1
86,780 250.5 0.66 1
86.177 251.3 0.71 3
13866 ] 559 86.777 269.2 2.20 am =01 1
20223N0928 88.680 2716 2.28 1
87.728 2704 334 2
13878 AG 256 AB  88.680 350.7 5.03 9.5-9.7 1
20231N0938 88.748 351.5 5.22 1
88.714 351.1 5.12 2
14286 BU 364 86.780 242.3 1.13 9.1-9.2 1
20427N2503 86.782 241.4 1.00 1
86.856 2422 0.99 1
86.859 241.8 1.00 1
86.819 7419 1.03 4
14360 STE 2729 AB 86,862 14.9 0.95 am=0.5 1 Heintz, 1982: +0%8, +0'00
2046150560
14424 BU 367 AB 86,862 124.3 0.50 am=0.2 1 Heintz, 1962: +072, 0.00
' 20508N2743 ; .
14499 ST 2737 AB  86.785 286.5 0.79 am=02 1
20541N0355 86.788 285.5 0.90 1
86.791 287.4 0.93 1
87.787 285.4 1.00 1 .
87.013 286.2 091 4 Van den Bos, 1933: +0°3, —0'11
STI 2737 AC 86,791 67.2 10.25 7.5-8.7 1
20541N0355 87,787 66.0 9.95 1
87.189 66.6 10.10 2
14783 H 48 86.862 255.6 0.48 7.1-7.3 1
211 17N6400 86.875 254.5 0.50 1
88.677  257.0 0.52 1 o
87.471 255.7 0.50 3 Baiz4, 1983: —1.9, +0.11
14880 BU 838 86.793 143.0 1.63 8.5-10.5 1
21159N0242 86,859 143.3 1.54 1
86.875 145.4 1,44 1
86.833 143.9 1.54 3
15215 STT 448 86.780 197.2 0.68 8.0--8.5 1
21366N2853 86.856 197.7 0.68 1
86.875 193.3 0.53 1
86.837 196.1 0.63 3
15270 STF  2822AB  86.863 299.5 1.80 5.5-6.8 1
21397N2817 86.875 300.8 1.94 1
86,878 300.2 1.84 1
87.784 302.6 1.95 1
87,787 301.4 1.94 1
88.674 301.5 1.82 1 .
87475 301.0 1.88 6 Heintz, 1966: —332, +0.26
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solar rotation turn, AX, depends on the inclination of
the solar equator, i, as

cos(L,—L;) — sin?i sinL, sinL,
V (1-sin?i sin®L, )(I—sin%i sin?L, )

A= 3)

where L, and L, are the heliocentric longitude of the
Earth at the begining and at the end of the considered
synodic solar rotation turn, measured from the ascend-
ing node of the solar equator. Severe changes occur
when i approaches 900 what is, of course, looking from
the Earth, only a fictive case. At the same time, the mean
value of AN within a six—month interval (or in any
number of six—-month intervals) is constant and equals
to L,—L,. Such a dependence of AX on i restricts the
validity of relation (2) to the mentioned long—period
mean values and prevents us to interpret the quantities
in equation (2) as angular velocities.

In the parallel research strive the angular velocities
of solar rotation and Earth’s revolution have been taken
as vectors, The first vectorial solution (Kubicela and
Karabin, 1982) has been based on a projection of the
effect of the mean angular velocity of the Earth’s orbital
motion, @5, in Figure 1 (which is a vector equal, but
with opposite orientation, to the angular velocity vector
of the actual Earth’s orbital motion) onto the direction
of solar rotation axis, OP. The obtained rotational effect
of the Earth’s revolution, &3, amounting to 1.97507 x
107 rad s=!, is for 1.59 x 10— rad s—!' (or for 1
ms—! at the solar equator) smaller than in the classical
approach,

Vector & can be readily added to the sidereal solar
rotation velcoity, !, or their intensities can be sub-
tracted as scalars, However, an angular velocity perpen-
dicular to the rotation axis and equivalent to the

apparent yearly precession of the Sun, @4, remained. Its
existence as a constant vector required an elaborate and

somewhat tensile interpretation,

The crucial step in developing the vectorial approach
consisted in applying a straight addition of vectors &,
and &, in Figure 1 (Kubicela and Karabin, 1983). The
result is simply the vector & — the angular velocity of
synodic solar rotation, However, this elementry opear-
tion of vector algebra introduces a considerable principle
change in our understanding of synodic solar rotation:
the direction of solar synodic rotation axis, OPs, is
separated from the direction of solar sidereal rotation
axis, OP! The same is valid for the synodic and sidereal
solar equators and the corresponding heliographic coor-
dinate systems, This implies that we, looking from the
Earth, see only the rotation of the Sun around OPg and
not around OP. The adopted inclination of the solar
rotation axis, i = 7925, is the angle 7nOP; and not the
angle mOP. Also, a new relation among the involved
angular velocities followed:
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Fig. 1. Vectorial treatment of solar rotation velocities. On =
direction toward the_ecliptic pole. g 1 = solar sidereal angular
rotation velocity, w, = angular velocity effect of Earth’s
revolution, 3 and w4 = the orthogonal components of @ 2, and
wg = solar synodic angular rotation velocity. OP = solar sideral
and OPg = solar synodic rotation axes.




It has to be taken as a generalization of the relation (2).
Besides, the angle between the two rotation axes, POPg,
turned out to be about 095: the sidereal rotation axis is
for this amount closer to the ecliptic pole than the
visible synodic rotation axis.

4.A COMPLEX PICUTRE OF SYNODIC SOLAR RO-
TATION

Recently. the concept of double solar rotation axes
has been elaborated in more detail (Kubicela, 1986).
The angular velocities w, and w,, as well as.the angle
70P, have been considered as variable.

Indeed. w, changes across the solar disk with
sidereal heliographic latitude according to (1). As the
latitude gradient of w, is always present (solar differen-
tial rotation), a whole continuum set of synodic rotation
aves with the corresponding poles, as well as with the
equators and the synodic coordinate systems, has to
co-exist. Given a set of values of sidereal heliographic
latitudes and using relation (1), one finds the correspon-
ding values of sidereal anguler velocities, Knowing the
Earth’s orbital angular velocities and the inclination of
the mean observed (synodic) rotation pole, one can find
the positions of all synodic poles, Taking i = 7925 as an
observed “inclination of the mean synodic pole that
comesponds to the low sidereal heliogaphic latitudes
(100 < ¢ < 209), the synodic pole positions as shown
in Figure 2 have been calculated The influence of
differential solar rotation is seen in a spread of synodic

PROBLEM OF SYNODIC SOLAR ROTATION

pole positions within an interval of about 0023 along the
abscissa in Figure 2. Each of the synodic poles (synodic
equators or synodic coordinate systems) is valid only
for the given sidereal heliographic latitude, ¥, .

Due to the constant orientation of the ecliptic plane,
variability of the effect of the Earth’s revolution is
limited to the intensity of vector &,. The quantity w,
changes according to Kepler’s second law which causes
an annual oscillation of the inclination of the synodic
rotation axis. The amplitude of this oscillation is shown
in Figure 2 as shifts of the whole set of synodic pole
positions for the two extreme cases, ,,APHELION” and
,PERIHELION”, with respect to the mean pole posi-
tions, ,MEAN”,

As it can be seen, the effects introduced by the
vectorial approach into the synodic pole position are
small. They are approximately at the level of the
observational errors in determination of the synodic pole
position, The smallest nominal error up to now, amount-
ing to + 09017, has been claimed by Balthasaretal.
(1986), but usually they are larger by one order of
magnitude. Still better accuracy can be certainly reached
if one organizes his observational material in the way
that the low heliographic latitudes in summer (aphelion)
can be distinguished from the high latitudes in winter
(perihelion). Such a material would, probably, aslo
confirm the concept of two solar rotation axes,

Another way of noticing the existence of the two
rotation axes might be found in the fact that the circles
of equal synodic and equal sidereal heliographic latitudes
are intersecting each other (their planes subtend an angle

©:01020 30 40 50 60 70 80 90
CO=G o APHELION
'
®.: 01020 30 40 50 60 70 80 90
¥ boso—so °  MEAN
@ 01020 30 L0 - 50 60 70 80 90
' OCQaamCann 0
1 PERIHELION
]
I »
L
T T T | ] T 1 T T 7 T T T T l , T T Io T T T T !) 1 T i T l ] >
725 730 735 740 745 750

T————- Carrington’s value

&= S|DEREAL POLE: i =674

Fig. 2. One -dimensional diagram of the elongation, i, of synodic rotation poles from the ecliptic pole for the mean angular velocity of
the Earth’s revolution, ,,MEAN”’, and for two extreme cases: ,,APHELION” and ,,PERIHELION"". The sidereal heliographic latitude,

¥,,is shown in degrees, In this scale, the unique sidereal rotation pole isat i = 6Q74.
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equal to Ai). A photospheric tracer of constant sidereal
heliographic latitude, during a solar rotation turn, would
follow a sine—wave curve with an amplitude + A i in the
synodic heliographic coordinate system.

5. VARIOUS HELIOCENTRIC ORBITS

Vector @, is always oriented along the sidereal solar
rotation axis and vector &, is directed toward one pole
or a planet’s orbit. In the Earth’s case they subtend a
constant angle, There is, however, a niced to set up one
or more solar observatories revolving around the Sun
much closer than the Earth does, and having the orbits
with considerable inclination with respect to the solar
equator,

To evaluate the parameters of synodic solar rotation
seen from such an artificial planet, one should take
various values for angle i in the realtion (4). As an
example, the case of a circular heliocentric orbit with
the radius r = 03 a.u. has been calculated. Syndonic
angular velocity of the solar rotation, ws, and the angle
between the synodic and sidereal axes, i =arc sin (w~ '
w, sin i), has been found and shown in Table I for
sidereal heliographic latitudes ¥, = 00, 300, 600 and
900. :

Table 1, Sidereal and synodic rotation angular velocities and the
angle between the two rotation axes for an artificial planet atr =
0.3a.u.and i =600

(angles in degrecs, velocities in u rad s— 1)

¢, w wg Ai
0 2.835 2.464 25.2
30 2,718 2.359 26.4
60 2.308 2.000 31.6
90 2,015 1.757 36.6

It is seen that the synodic angular velocity of solar
rotation is lower than the sidereal one and approximate-
ly follows its latitude gradient. But the range of the
angle between the two rotation axes for the latitude
interval of 900, being 2590 < ¢ < 3696, is striking
compared with the corresponding Earth’s interval, 005 <
Ai <097,

Another claculation, namely for r = 0.17 au., can
reveal a heliostationary (ws = 0) artificial planet, Or, for
r < 0.17 a.u. some cases where the synodic solar rotation
has the opposite sense of rotation with respect to he
sidereal one can be found, Among such cases one can
also find those with the vectors &, and s mutually
perpendicular,

All these circumstances would require an elaborate

way of following solar rotation from a heliocentric,

especially an out—of—ecliptic orbit at a small helio-
centric distance.
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6. THE ,STELLAR” CASE

The difference along i—axis between the aphelion and
perihelion synodic pole sets in Figure 2 grows with
increasing the eccentricity of the planet’s orbit. Apart
from the Earth’s case and the examples of various inner
planetary orbits, it is interesting to consider the shift of
the aphelion pole set (ie. the w,—changes) in a limiting
case: when a planet is being moved to stellar distances.
Then, from second Kepler’s law

w, = 2mabT—"r—2,

increasing the semiaxes of the planetary orbit, a and b,
the revolution period, T, and the intensity of the radius
vector, r, ad infinitum, one obtains

limw, =0. (%)
q—> o0
b=
T—> oo

>

Relation (5) introduced in (4) irrespective -of the
inclination, i, yields

Wy = Ws (6)

which means that the synodic pole has reached the
position of the sidereal one — far out to the left in
Figure 2. Here we should notice that the spread of
synodic aphelion poles, depending on ¥, is not influenc-
ed by (5) and it is understood that w¢ in (6)
corresponds to a certain heliographic latitude or its
interval,

Equality (6) gives us a posteriori the right to
interpret the sidereal pole as the synodic one for an
indefinitely distant observer, In this way the general case
of separate sidereal and synodic rotation axes has been
reduced and connected to the simple, up to now used,
approximation of one common rotation axis — at least
as far as the topocentric character of the phenomenon is
concerned.

7. CONCLUSION

The study of synodic solar rotation at Belgrade
Astronomical Observatory and Department of Astrono-
my of Belgrade Faculty of Sciences during the past ten
years has resulted in a new view of the problem with the
following main components:
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1) Separated axes of synodic and sidereal solar
rotation .

2) Evaluated new quantitative relations between
kinematic parameters of synodic and sideral solar rota-
tions.

3) Suggested possibility to detect the effect of the
cristence of two rotation axes seen from the Earth and
o improve determination of the inclination of the
synodic rotation axis.

4) Demonsirated variety of synodic rotation para-
merers that can occur in some artificial planets’ cases
when the vectorial approach will be unavoidable,

What has to be still done is the formal mathematical
transformation of coordinates between the synodic and
sidercla heliographic coordinate systems,
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SUMMARY: The importance of Stark broadening in astrophysics is briefly reviewed. A
short review of results of Yugoslav research workers on this field is also presented.

1. INTRODUCTION

As the typical information in astronomy is obtained
by analyzing the radiation, the understanding of astro-
physical spectral line shapes is of great importance.
Spectral line shapes are an important research field
particularly in special laboratories and institutions found
in order to provide basic physical data to astronomers,
eg JILA (Joint Institute for Laboratory Astrophysics)
in Boulder Colorado, Stark and other broadening mecha-
nisms of lines in astrophysical spectra are also investi-
gated within the comission 14 of the [AU for funda-
mental spectroscopic data,

Spectral line shapes enter the analysis of a stellar
spectrum essentially in two ways:

a) Selected lines from which we may derrive
information about stellar parameters require reliable line
shape theory and datg of high accuracy for the contribu-
tion of the main broadening mechanism,

b) For the bulk of (% 10°) lines, as well as for
smaller contributions to the main broadening mecha-
nisms, broadening parameters of only modest accuracy
are sufficient. Such lines only add together to the total
absorption coefficient, which determines the atmosphe-
ric stratification, and we need only the good average
accuracy while the accuracy for a particular line is not so
important,

Stellar spectroscopy depends on very extensive list
of elements and line transitions with their atomic and
line broadening parameters. It is difficult to state in
general terms which are the reievant transitions since the
atmospheric composition of a star is not known a priori,
and many interesting groups of stars exist with very
pecuiiar abundances as compared to the Sun.

The interest for a very extensive list of line
broadening data is stimulated also by spectroscopy from
space. After the launch of Copernicus in 1972, it became
possible to study the ultraviolgt spectra of the brighter
stars at very high spectral resolution. These studies were
extended to considerably fainter objects with the launch

of the International Ultraviolet Explorer (IUE) on
January 26, 1978. A number of projects to follow up
the achievements made in the space spectroscopy have
been discussed The most advanced project is the Space
Telescope (ST), a 2.4 m telescope (f/24) for studies at
ultraviolet and optical wavelength. Using space spectro-
scopy, an extensive amount of spectroscopic informa-
tion over large spectral regions of all kind of celestial
objects has been and will be collected, stimulating
spectral—line—shape research.

2. STARK BROADENING IN ASTROPHYSICS

Among the various pressure broadening mechanism,
broadening due to interaction between emitter and
charged particles (Stark broadening) is dominant in
several cases. The relevant physical parameters for stellar
plasma are most conveniently expressed in terms of the
Hertzsprung—Russel diagram in which luminosity is
plotted against effective surface temperature (figure 1).
For Tegr = 10° K, hydrogen, the main constituent of a
stellar astmosphera is mainly ionized, electron pressure,
total pressure and the main collisional broadening
mechanism for spectral lines is the interatomic Stark
effect. We can see in Fig, 1 that this is the case for white
dwarfs and hot stars of O, B and AO type. Even in
cooler stars atmospherae as e g. Solar one Stark broade-
ning may be important in some cases. In figure 2 is
presented temperature as a function of height in the
Solar atmosphera according to VAL model (Vernaza et
al, 1981) as well as regions of formation of a number of
Solar lines. We can see that far line wings of e.g. Hy line
are formed in deeper atmospheric layers where the
electron concentration is sufficiently high and Stark
broadening contribution is not a priori negligible. On the
other hand, the influence of Stark broadening within a
spectral series increases with the increase of the principal
quantum number of the upper level (Dimitrijevi¢,
Sahal—-Bréchot, 1984ab; 1985) and Stark broadening
contribution may become significant in the Solar spec-
trum (Vince etal, 1985abc).
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Figure 1. Schematic Hertzsprung—Russell diagram: m.s,, main
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Figure 2. The average quiet—Sun temperature distribution
derived from the EUV continuum, the La line, and other
observations. The approximate depths where the various conti-
nua and lines originate are indicated,
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Another case where the Stark broadening is the
dominant pressure broadening mechanism are radio
recombination lines from interstellar clouds of ionized
and neutral hydrogen. The range of principal quantum
numbers over which radio recombination lines have been
observed is 56 < n < 253 which corresponds in
frequency to a range from 37.5 to 0.40 GHz. In such
atoms the optical electron is far from the nucleus and
very sensitive to the weak electric field fluctuations. The
Stark broadening is the main collisional broadening
mechanism in this case.

For example Stark broadening has been detected in
the radio frequency recombination lines emitted by the
emission nebula W51 (Lang and Willson, 1978). in figure
3 are given observed linewidths Avp, plotted as a
function of principal quantum number, n. The solid
curves illustrate the convolution of Stark and Doppler
broadening for different values of electron density, N,
The dashed lines correspond to N = 10° -cm—? and
Stark broadening which varies as n*° and n®®. Under
the assumption that the Stark broadening varies as n**,
these data indicate that Ng = 103° %1 ¢m—3

3s T T T T t
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DOPPLER s /
BROADENING 0%
\ - N
30 100 \‘\ —
</ \\‘ N
5 56 % N DOPPLER
{ Ny =10 N % BROADENING
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o
g o
20— N
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Log n

Figure 3. Observed linewidths in the emission nebula WSl
compared with calculations (see the text) (Lang and Willson,
1978).

Appart the investigation of profiles of radio recom-
bination lines from molecular and ionized hydrogen
regions, typical astrophysical problems where pressure
broadening is important may be devided in following
categories

a) Understanding of qualitative effects that one can
see on spectrograms,

b) Determination of temperature (T) and electron
concentration (N.) of an astrophysical plasma and
surface gravity in stars.

¢) Determination of abundances of elements from
profiles or equivalent widths of absorption lines.

d) Radiative transfer through astrophysical plasmas.
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Figure 4, Observed Stark andDoppler broadened profiles in the
emission nebula W 51 (Lang and Willson, 1978).

In order to explain astrophysical spectra, the know-
ledge about the pressure broadening is often needed. An
example is the Stark shift in the spectra of white dwarfs
which made difficuities in the interpretation of the
Einstein shift. determined using helium lines (Wiese and
Kelleher, 1971)

As another example one can mention the Solar limb
effect. Careful measurements of the Fraunhofer lines
show a small but systematic red shift across the Solar
disk (as compared with their wevelength at the center)
reaching a maximum on the limb. Appart from radial
current hypothesis for explanation of this effect (see e g.
Hart, 1974) there are attempts to explain it partially or
completely as a consequence of collisions between the
absorbing atoms and surrounding particles (see e.g. Hart
1974 or Vince et al. 1985c). Calculations (Vince et al
1985¢) of linewidths and relative line shifts across the
Solar disk for Na I 3p—6s line are presented in figures 5
and 6. Relative lineshifts are compared also with simple
radial current theory predictions (Hart, 1974). As an
ilustration, in figure 6 are given averaged observations
for Fe I 525.02 nm line (Labonte and Howard, 1982).

We can notice that Stark broadening contribution is not
negligible. '

W10 rad s)

S " A =

1 0.8 0.6 04 c2 M

Figure 5. The full halfwidth for Na I 3p—6s line due to collisions
with neutral (S--R) and charged particles (S) as< a function of the
heliocentric angle (g = cosf).
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Figure 6. Relative Na | 3p—6s line shifts (shift at the Solar disk
centre is taken as zero) as a function of the heliocentric angle (i
= cosg) of observed points; RC — the shift according to the
radial current hypothesis (see e.g. Hart, 1974); OBS -- averaged
observation for Fe 1 525.02 nm line (Labonte and Howard,
1982); S—R - Relative shift due to Na—H collisions using
Smirnov—Roueff potential; S— Relative shift due to collisions
with charged particles.
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Observed spectral lines may be used also for
determining the electron temperature and the concentra-
tion in astrophysical sources. Especially Balmer line
profiles are a powerful diagnostic tool in studying stellar
atmospheres. In cooler stars, such as the Sun, the line
intensity is a good measure of the effective temperature.
as can be seen from Fig. 7, line widths of higher
members of the Balmer sequence are very sensitive to
the change of electron density. In atmospheres of O and
B stars, and also of some white dwarfs and AO type
stars (Tepr = 10% K) hydrogen is mainly ionized and the
main collisional broadening mechanism for spectral lines
is the impact broadening by clectrons (Stark broaden-
ing). In such case the atmospheric pressure P is propor-
tional to the electron concentration N, at a fixed
temperature, from the hydrostatic equation we can now
deduce the surtace gravity g Total pressure P is given by
P = gk (the coefficient k is different for different
particles).
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Figure 7. Stark broadening of high member series lines at 2
above the limb over active regions,The density of 2 x 10'!
cm—" is an average of the actual values, The dashed curve with a
density of 1.4 x 10'! em—3 is fitted to the dataat m = 29,

The important problem for which we need good
pressure broadening data is that of determining abun-
dances of elements from equivalent widths (W) of
absorption lines. If the line is very weak, the problem is
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quite straightforward, since W (in wavelength units) is
proportional to the abundance ratio of the element to
hydrogen, multiplied by the oscillator strength of the
transition

W N o0
G hweak =X = —2 £\ [ ¢(r)dr
A Ny o

where ¢ (7) is a contribution function depending on the
structure of the stellar atmosphere and the relevant
states of excitation and ionization and 7 is the optical
depth in the continuum. If the line is not weak, the
situation is much more complicated. The relationship
between X and (W/A) is described by the curve of
growth, whose shape depends on the amount of line
broadening due to both Doppler and pressure effects.
The curve has three main branches:

Linear (unsaturated): (W/\) =X
Flat (saturated): (W/\) = 3vp/c
Damping branch: (W/\) = (AXy/mc) 1/2

Here, v is damping (pressure broadening) constant
and vp the velocity corresponding to the given Doppler
width.

Pressure broadening data are also required for the
estimation of the radiative transfer through the stellar
plasma In this case data for a great number of lines are
often needed. For such large scale calculations high
accuracy of every particular value is not so important. In
such cases, tedious calculations can be avoided if one
uses simple, approximative formulae with good average
accuracy (for Stark broadening see e g Dimitrijevi¢
(1982) and references therein).

3. LINE SHAPES INVESTIGATIONS IN YUGOSLA-
VIA 19621985

Since the first article on this topic (Vujnovi¢ etal,
1962) 371 publications concerning line shapes investiga-
tions have been published by 68 Yugoslav authors. The
number of published articles, authors and, articles
published in intemnational journals are given in Table 1
for every year, We can see that 113 articles are published
in international joumnals during the considered period.
Also, 12 theses for Mr.Sc. degree and 9 doctoral theses
have been done. Among the published articles, 15 are in
Astronomy and Astrophysics and 1 in Astrophysical
Journal.

Up to date, a large experimental work on Stark
broadening for nonhydrogenic emitters has been
done in the world and in  Yugoslavia, in laboratory
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Table 1: Number of articles, authors and articles in international
journals, published by Yugoslav research workers in the period
1962—1985 i ) e
Year Number Number Number
of articles of authors of articles in %
published international ; |
journals - e S rhiaren Y |
AND FILLING rgz,‘zggp |
1962 1 1 1 SYSTEM SOURCE Jﬁsﬁ\ |
1963 0 0 0 Q l l
1964 2 2 0 K_:}}h_h—:“ 3
1965 1 1 1 £ . [Pt —
1966 0 0 0 HT CONDENSER
1967 0 0 0 SOURCE
1968 2 4 1
1969 4 4 0
1970 15 13 4
1971 - 11 9 4 Figure 8. The palsma source of Josephson type,
1972 10 11 4
1973 10 13 3
1974 16 16 4 Fo— Ozssharqe AL -  Beom spintt o
1975 14 15 5 T —— =, e [Zes ;
1976 23 16 4 ,‘_f—‘—‘-‘-:’_z % = Ny +PGS-2 i
1977 13 14 7 ggf_T__'-T”"“ — e 1) | Lspectrometer]
}g;g f’:; }2 §/ Gas " ! T‘ To vacut |
Mhn . | |
1980 30 19 6 system [ frecaizer] Kt
1981 26 17 4 !
1982 46 19 9 i
1983 31 19 10 A 2L |
1984 a1 22 13 é*-—*?féic,~or _— s
1985 35 21 7 Ignitron beg_—;: ) | monechro-
i i mater |
Total 371 102
Figure 9. Pulsed arc
plasmas with Ne = 2x 10'? —4x 10'7 cm— and T=2 = o
x 10> — 6 x 10* K. In Yugoslav laboratories, Stark line l (—
widths are measured for 352 lines for 58 different kinds
of emitters. Stark shifts for lines of non hydrogenic Quartz windows
emitters are measured for 187 lines and 33 different
emitters, The plasma sources were: a) The source of U }H
Josephson type (Figure 8) (e.g. J.Puri¢ et al, 1970). :
Here, a condenser battery was discharged via a triggered AT
spark gap. The discharge between the ring and cylindri- L1
cal electrode in the source is pinched, causing the shock ‘
wave to propagate along the expansion tube; b)Pulsed O j

arc (figure 9) (e g. Konjevi¢ etal, 1971) and very similar
Z pinch; c) Electromagnetically driven T—tube (figure
10 (Konjevi¢ et al, 1970) and d) Wall stabilized arc
(figure 11) (Purovi¢, 1979). We can see in figure 11 that
the arc channel was formed by a series of water cooled
coopper discs with a central hole. The end parts of the
arc chamber were closed by two brass discs in each of

To pump --——

Figure 10, Electromagnetically driven T tube.

which there was a centrally bored hole for end—on
plasma observations.

Theoretical research of Stark broadening was perfor-
med using quantum mechanical (the first strong coupling
calculation for a non—hydrogenic neutral atom line, Li
I 25—2p, Dimitrijevi¢ et al. 1981) and semiclassical (Brl,

CdI, Gel, Hgl, Pbl, Rbl, Snl, Znl, FI, OII, Till, MnlI,
Arlll, C1III, Silll, SIII, NIII, CIII, OIlI, ArIV, SilV,
CIV, NIV, SIV etc, see e.g. Dimitrijevi¢, 1982 and
references therein) approaches. Also, approximative
approaches useful for large scale calculations or quick
estimates, have been investigated. The modified semi-

115




Canrcon '

KLECTRooE <

WANER COGUING SYSTEM \i
'

A
! |

Pieure 1 Wall stabilized are,

empirical approach for ion lines is formulated (Dimitrije-
vi¢ and Konjevic. 1981:1977; Dimitrijevi¢ and Krsljanin,
1986) as well as an approximative approach for neutral
atom lines ( Dimitrijevi¢. and Konjevi¢. 1986).

When reliable data do not exist. knowledge about
regularities and systematic trends of Stark broadening
parameters offer an additional possibility for estimation
or critical evaluation of Stark broadening data, The first
pan2r on this topic is published by Puri¢ and Cirkovic
(1973) and up to date alot of work is done by Yugoslav
authors, Stark broadening parameters regularities and simi-
farities of lines within a multiplet, supermultiplet,
transition arry. spectral serics. izoelectronic sequences
and tor homologous emitters have been investigated (see
e.g. review article: Konjevi¢ and Dimitrijevi¢ (1981) and
refereitces therein).

Critical reviews of existing experimental data for
neatral (Konjevié and Roberts. 1976; Konjevi¢ et al.
Iux4a) and ion (Konjevi¢ and Wiese, 1976: Konjevi¢ et
al. 1984b) lines Stark broadening parameters and tables
for doubly and triply charged ion line widths (Dimitrije-
vie, 1958) may also be useful in astrophysics as sources
of basic data,
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INVESTIGATION OF THE
COLLISIONAL LIMB EFFECT AND SHAPE OF SOLAR SPECTRAL LINES
AT THE ASTRONOMICAL OBSERVATORY IN BELGRADE

Istvan Vince
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia
(Received: December 23, 1988)
SUMMARY: Besides other research programs, at the Belgrade Astronomical Observatory
we investigate the absorber—perturber collision effects on solar limb effect and on

spectral line profile, A short review of our method of calculation and some examples of
our results of the work on effect of atomic collision processes on the solar limb effect and

solar spectral line bisectors are given here.

INTRODUCTION

My intention in this report is to review the results of
e work at the Astronomical Observatory in Belgrade
t effect of atomic collision processes on the solar limb
fect and solar spectral line bisectors.

The limb effect and asymmetry of solar spectral
ies are. among other, caused by a spectral line shift
1ich is determined by physical conditions in atmo-
heric layers in which spectral lines are formed. Each
rticular laver in which one can take that the local
iysical conditions are practically constant has its own
cal shift of the spectral lines determined by these
nditions. Consequently the emergent spectral lines
we to be shifted and asymmetric too.

Which part of the limb effect and line asymmetry is
1e only to collision effects? This question is very
portant, because the line shifts and asymmetries
:come a very usefull diagnostic tool of the convective
yer not only in the case of the Sun but in the case of
her stars (Dravins et al., 1981; Dravins, 1987).

The theory of collisional broadening and shift
ogressed enormously in the past decade and reliable
lculations now exist for many spectral line profiles of
trophysical interest.

In view of both, the importance of the problem and
ie development of the collisional theory, it seems
ypropriate at present time to study the behaviour of effect
f collisional processes on the solar limb effect and
rectral line profiles.

'LIMB EFFECT AND LINE BISECTORS

The solar limb effect is a well known phenomenon
1solar physics since 1907 when Halm reported his first

investigation on an unusual shift of spectral lines as a
function of position on the apparent solar disk (Halm,
1907). We can define the limb effect as a spectral line
wavelength change between the center and the limb of
the solar disk which is a function of the distance from
the center only,

The Fraunhofer lines can be considered symmetric
only at low accuracy level of measuring. Otherwise, the
solar line profiles are asymmetric. The asymmetry of a
spectral line profile can be described using the line
bisectors. The bisector of the spectral line is the loci of
points midway between equal intensity points on blue
and red side of the line profile.

Figure 1. shows six limb effect curves obtained by
different authars for different spectral lines. Spectral
line shifts are expressed in velocity units {m/s) versus
cosine of heliocentric angle (6). The limb effect curves
can be divided into two classes: a) those "with a
monotonic increase of the red shift when going to the
solar limb (curves a, b, f), and b) those for which a small
increase in the blue shift is found, The blue shift reaches
a maximum at cosf = 0.85 (curves b, c, e).

The Figure 2. shows nice examples of the observed
bisectors of three Fe I spectral lines. One can recognize
the well—known .,C ”—shape of the bisectors.

Figure 3. illustrates, schematically, the origin of the
solar disk center spectral line profile and its shift caused
by velocity and radiation intensity fields (temperature
fluctuations in convective cells) in the case of a low
spatial resolution of spectroscopic observations. The
spectral line becomes asymmetric and blue—shifted.
Since both the temeprature and the velocity fluctuations
change with height in the solar atmosphere one would
expect a change of the line shift (the blue shift is
generally decreasing towards the limb) and in the line
profile towards the solar limb.
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Fig, 1. Limb effect of different spectral lines observed by
different authors:

a — Howard et al, (1980), Fel 525.0 nm,

b — Plaskett (1973), Fel lines = 630 nm,

¢ -~ Bruning (1981) Fel 525,0 nm,

d — Kubicela et al,(1985), Fel 630.25 nm,

¢ — Bruning (1981), Fel 557,6 nm,

f — Howard and Harvey (1970}, Fel 525.0 nm,
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Fig. 2. Bisectors for three Fel solar spectral lines (from Adam et
al,, 1976).
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Because of the good qualitative agreement of
synthetic spectral line shifts and asymmetries calculated
from numerical simulation of the granular convection
with observation, one should conclude that other contri-
butors are negligible. But for some spectral lines collision
shifts may be significant (Hart, 1974, Vince et 4,
1985).

3. THE METHOD OF OUR CALCULATION

In order to investigate the influence of collision
processes on the limb effect and on the spectral limb
asymmetry we calculated the so—called syntethic limb
effects and spectral line bisectors for spectral lines of
neutral sodium atom due only to collisions with atomic
hydrogen, electrons and protons, whose particles are the
main sources of broadening in solar atmosphere.

The synthetic spectral line profile is determined
from the equation of radiative transfer

hOw=/ S(ry) - e~ A/K dry /e, (1)

where I, (0, ) is the emergent intensity, S(r))} is the
source function, 7, is the optical depth and u is the
cosine of heliocentric angle. The optical depth is a
function of the absorption coefficient. We assume that
the absorption coefficient have a Voigt profile which is
defined by the following dimensionless parameters

a=2w/ANp andv=(A — A, +d)/ANp,

AX is the Doppler width,Aand A, are the wavelengths
in the profile and at the center of the unshifted profile
respectively. In the case of the solar atmosphere the
impact approximation is valid. The collision spectral line
profile is then lorentzian and is defined by two
parameters, the width 2w and the shift d.

The broadening and shift of spectral lines due to
collisions with neutral perturbers are usually related to
the interaction potential. We calculated it using the
Smirnov—Roueff exchange potential, which takes into
account the overlap at an intermediate absorber--pertur-
ber distance of the electronic orbitals (Roueff, 1975).
The broadening and shift caused by charged particies are
calculated from Stark broadening theory (Dimitrjevié
and Sahal--Bréchot, 1985).

The emergent spectral line shift and asymmetries,
whithin Nal 3p?Po—ns?S series, across the solar disk
we obtained from equation (1) using the HSRA model
of the solar atmosphere (Gingerich et al., 1971).




ESTIGATION OF THE COLLISIONAL LIMB EFFECT AND SHAPE OF SOLAR SPECTRAL LINES AT THE ASTRONOMICAL ...

A I L

|[°/)

Aavikmy/s)

1 L n

8 0

12 -4 4 12

Fig. 3. {lustration of the origin of spectral line shift and asymmetry, Left: Schematic image of solar
grenulation, Center: Spectral line profiles of the granules (a) and intergranular lanes (b). Right: The resul-
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Fiz. 6. Spectral line bisectors of synthetic Nal A615 nm line for
coss =1, 0.8, 0.6, 0.44, 0.28 (0 is the heliocentric angle).

4. SOME RESULTS

Some characteristic results of our calculations of the
collisional limb effect and line bisectors are shown in
Figures 4. to 6.

Figure 4. is a plot of relative shifts (the shift at the
solar disk centre is taken as zero) of five sodium atom
spectral lines against the cosine of heliocentric angle,
together with the observed limb effect cuvre (the
averaged data from Figure 1).

A comparison between the calculated limb effect
results and observations shows that in the case of the
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investigated Nal line the collision shift is not the
dominant cause of the limb effect, but it is also not a
negligible part of it,

It should be noticed that the absolute shifts of
spectral lines due to collisions (Figure S.) are more
significant then the relative shifts if one takes that the
typical observed shifts of weak line attain 400 to 500
m/s. .

The variations of Nal A616 nm synthetic line
asymmetries, i.e. bisectors from the center to the limb
are shown in Figure 6. for five values of cosine of
heliocentric angle. The comparison of the spectral line
bisectors of the synthetic and observed Nal A616 nm
(Figure 7.) shows that collisional processes have an
important role in creation of the spectralline asymme-
tries.

028
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06 . . ] ) )  vImgh
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Fig. 7. Spectral line bisectors of the observéd Nal A615 nm line
for cose =1, 0.8, 0.6, 0.44, 0.28 obtained from the spectral line

_profile data taken from Gurtovenko et al. (1976).

5. CONCLUSION

A procedure was described by which, under certain
assumptions, the synthetic spectral line shifts and shapes
can be derived for examination of the effect of atomic
collisions on the limb effect and on the asymmetry of
spectral line profile.
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It has been shown that there are spectral lines for
which the collisional processes take an important part in
observed limb effect and spectral line asymmetry.
Therefore, the results of our investigations suggest that
for the diagnostic of the solar plasma by analysing the
observed spectral lines it is necessary to have accurate
informations on the collisional—sensitivity of the used
spectral lines.
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THE SPECTRAL LINE SYNTHESIS STUDY IN BELGRADE*
] Vladimir Krsljanin
Astronomical Obscrvatory, Volgina 7, 11050 Beograd, Yugoslavia

(Received: December 8, 1988)

SUMMARY: Investigation of both solar and stellar atmospheres using the spectral line
synthesis method in the Astrophysical group of the Belgrade Astronomical Observatory
started in 1983. The study of the pressure broadening in the astrophysical plasma and
related topics are the main research orientation. Corresponding computer programs are
developed. A review of the first results and the currend investigations concerning line
asymmetries and shifts caused by pressure, abundance determinations and microturbu-

lence is given here.

1. INTRODUCTION

Recently, the study of the pressure line broadening
in astrophysics, in the Astrophysical group of the
Belerade Astronomical Observatory. directed by Dr.
Milan S Dimitrijevi¢. started, The investigations (both
experimental and theoretical ones) of the pressure
hroadening, especially of the Stark broadening. in
Yugoslavia have been successfuly performed for several
years (sec e.g, Dimitrijevié 1985, 1989).

Together with the Doppler broadening. the pressure
broadening is the main cause of the line broadening in
the stellar atmospheres. and consequently, very important
creator oi the solar and stellar line shapes and shifts.
Starting from the well—established pressure broadening
theory. onc can investigate various properties in stellar
atmospheres. such as: temperature, pressure, electron
concentration., abundances of the chemical elements,
jonization balance, surface gravities, and indirectly. less
studied .hot” topics such as: turbulence, radiative
tranfser, granular and wave motion, stellar winds.

The synthesis of the spectral lines, as a method for
investigation of the solar and stellar atmospheres, based
on the pressure broadening theory, has been used in the
Astrophysical group of the Belgrade Astronomical Ob-
servatory, since 1983. 1n this paper a brief review of the
obtained results is presented.

2. THE METHOD

Two computer programs SINLINE (Vince and
Krdljanin, 1984) and ZVEZDALIN (serbocroat acronim,

*Paper presented at 15t workshop , Astrophysics in Yugoslavia”,
held in Ljubljana, 13— 14t february, 1986.

equivalent to ,starline” - Kréljanin and Vince, 1986)
are developed for radiative transfer equation solution (in
LTE conditions) along the stellar atmosphere and output
intensity and flux emergent line profiles, respectively.
Work on non—LTE problems is reported by Atanacko-
vi¢--Vukmanovi¢ and Simonneau (1987). The programs
also compute continuum and line absorption coefficients
from the input model atmosphere, and evaluate various
emergent line profile parameters like: equivalent width,
effective depth of the formation of each point of the
computed profile, and of the line as a whole. The
programs also output line shifts. line bisectors, coeffi-
cients of the asymmetry and excess etc. It is possible in
principle to fit the computed profile with the observed
one using various free parameters such as: turbulent
velocities, rotational velocity, enhancement factor for
pressure broadening, abundance of the absorber etc,

The pressure broadening effects have been taken
into account via line absorption coefficient, more
precisely via the Voigt function:

_a @ e7Y dy
Hew=r L vy
where

= (_)517\0_+_d_) and 4
YT TTA, e ETANS

Here, A is the wavelength, A, is unperturbed (laboratory)
line wavelength, AAp is the Doppler broadening para-
meter.

The pressure broadening parameters obtained from
the theory, half-half width and shift (in wavelength
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units) are denoted by w and d, respectively. In stellar
atmospheres the pressure varies for several orders of
magnitude, Consequently, the integration along the
atmosghere simultaneously results in broadening, asy-
mmetry and shift of the spectral line.

3. PRESSURE BROADENING AND LIMB EFFECT

Quantitative analysis of the pressure broadening
contribution to the limb effect (dependence of the line
shift and shape on the heliocentric position angle) is the
major research topic, untill now, For more details see
preliminary reports (Vince 1989, Vince et al. 1985a,b,
Vince and Krsljanin 1985).

4. MICROTURBULENCE

The hypothetic, unobservable motion, with chara-
cteristic dimensions less than the photon mean free
path, is currently used in astrophysical spectroscopy to
explain the fact that the’computed stellar line equivalent
widths are often less than the observed ones. The
problems about establishing of such an approach are
discussed elsewhere (Kr$ljanin 1985).

We investigated quantitatively the sensitivity of the
snapes of several Nal moderate and weak lines, via
different line - profile parameters, to microturbulent
velocity variations (Kr§ljanin and Vince 1986). Sodium
is the element with well known atomic structure and
accurate pressure broadening parameters (Dimitrijevié
and Sahal—-Brechot 1985, Roueff 1975, 1976), even in
the case of broadening due to collisions with H atoms
(the broadening agent often difficult to determine). The
small microturbulence sensitivity found for Nal 3p-ns
and 4p-ns lines makes them suitable for abundance
determinations.

Similar behaviour of the line profiles in the case of
weak lines with microturbulence and pressure broaden-
ing variations should be especially emphasized (Kr$ljanin
and Vince 1986). It suggests caution in microturbulent
velocity determinations, because the uncertainty in
broadening due to collisions with atomic perturbers
(almost always understimation) may produce significant
errors in microturbulent velocity (overestimation). Evans
et al.(1975) already demonstrated that the macroturbu-
lence is suffiecient to describe profiles of strong and
moderate lines.

5. ABUNDANCE DETERMINATION

otarting from the suitability of Nal 3p—ns and
4p—ns lines for abundance determinations (Krsljanin and

124

Vince 1986), we used these lines to redetermine abun-
dance of sodium in solar photosphere (Kriljanin and
Vince 1985). The determination was done by fitting the
synthetic line profiles with the observations of Pierce
and Slaughter (1982). The fitting was performed three
times, independently, via (far) wings, central intensity
and equivalent width of the line. For the first time in
such determinations, the broadening due to collisions
with neutral atoms was described using Smirnov—Roueff
exchange interaction potential (Smirnov 1967, Roueff
1970), and determinations were for the first time pe-
rformed in five positions on the solar disk.

The result obtained, Ay, = 646 * 0.05 (in
logarithmic scale, where Ay = 12) is greater than one
usualy used (6.32 + 0.07, Lambert and Luck 1978), but
it agrces with the one obtained from Na D lines
(Lambert and Luck 1978) using molecular potential for
Na—H interaction (Lewis et al. 1971).

Our results on Na abundance in more extensive form
will be published elsewhere.

6. PRESSURE BROADENING AND SHIFTS IN VERY
HOT STELLAR ATMOSPHERES

We investigate the shapes and shifts of the UV ion
lines starting from the modified semiempirical Stark
broadening theory (Dimitrijevi¢ and Konjevi¢ 1980,
Dimitrijevi¢ and Krsljanin 1986), in order to measure the
pressure broadening contribution to the observed blue
shifts of resonance lines in hot stellar atmospheres, and
to the gravitational metal line redshifts in the atmos-
pheres of hot white dwarfs.

The very hot (Ters 2 20 000 K) stellar (including
main sequence stars, subdwarfs, white dwarfs and nuclei
of the planetary nebulae) atmospheres are suitable for
this kind of investigation because the Stark broadeningis
the absolutely dominant pressure broadening mechanism
in such atmospheres, and the lines of atoms in several
ionization stages are present.

The Stark shifts should contribute measurably te
the observed shifts and/or the asymmetries in the deep
photospheric layers of the main sequence stars and
subdwarfs, and should contribute significantly to the
observed redshifts in the white dwarf atmospheres. For
quantitative determination of these contributions, one
should evaluate the depth of the line formation and the
accurate abundances of the absorbing elements (especial-
ly in the case of white dwarfs).

Investigation of pressure broadening effects is of the
great importance for the interpretation of the now
generally available IUE data, and (we hope) the soon
available Space Telescope UV data,
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SUMMARY : A brief review is given of some basic points in the development of non—LTE
radiative transfer theory along with some remarks concerning the activity in this field at

Belgrade Observatory,

As the work in the non—LTE theory of radiative transfer
and its applications are still at the very beginning at
Be'grade Observatory, I would like to outline some basic
points in the development of radiative transfer theory

and some of our projections concerning future work in
this field.

1. THE PROBLEM. LTE AND NON-LTE APPRO-
ACHES

The basic problem of the theory of stellar atmo-
spheres is to determine the physical state of the
atmospheric gas from the study of the cmergent spec-
trum.

To solve this »nroblem, it is necessary to take into
consideration all of the physical processes giving rise to

the spectral lines and continuum and to develop the-

method for computing the radiation field emerging from
a gas of a given structure. The postulated atmospheric
model and the applied theory of radiative transfer have
to be modified until required agreement of the comput-
ed and the observed spectrum is reached.

Hence, radiative transfer is a fundamental problem
in the theory of stellar atmospheres and in the diagnostics
of stellar properties. Many scientists have tried to solve it
for more than seventy years. In order to give an
interpretation of the emission and absorption lines in
stellar spectra, Schuster was the first to formulate in
1905 the problem of radiative transfer within the frame
of ,pure scattering” assumption. Schwarzschild intro-
duced in 1914 the concept of ,,pure absorption” or LTE
approximation (Athay, 1972). These two extreme
approaches neglected a great deal of reality in the
physical picture of line formation in order to simplify
the solution of the radiative transfer equation.

Generally speaking, problem is solved when the
distribution functions of all the particles of gas compos-
ing the atmosphere and of the photons are known.

In LTE approximation, widely applied in astro-
physical literature for many, many years, the particles of
the gas are, by assumption, in detailed equilibrium, ie.

their distributions over bound and free levels are
characterized by local values of temperature and density.
The condition that has to be fulfiled for this assumption
to be valid is that collisional processes dominate over the
radiative ones, The simple fact that radiation emerges
from the surface of the star into space implies that the
intensity of radiation (photon distribution function)
deviates from its equilibrium Planckian value and,
therefore, has to be determined as the solution of the
radiative transfer equation.

The LTE approximation gives satisfactory results in
the analysis of continuum and of the most of the weak
lines originating in deeper layers of the stellar atmo-
spheres, where, because of a great number of electronic
collisions, the main condition for its validity is realized.

However, in the case of strong lines, formed in the
upper atmospheric layers (where the electronic density
is much lower and, hence. collisional processes less
frequent), the contribution of radiative processes to
level populations must not be neglected. As the state of
the gas, i.e., the distribution of atoms over levels in fact
depends strongly on the radiation field, the combined
effect of collisional and radiative processes should be
treated, without making any a priori assumption about
either radiation or particles distribution functions. Hen-
ce. this problem requires more consistent approach than
the assumption of LTE.

In this more general and so called non—LTE
radiative transfer problem, atomic level populations has
to be determined from the statistical equilibrium condi-
tion, describing the equilibium among all of the
elementary processes (collisional Cj; and radiative Ry
ones) populating and depopulating levels under conside-
ration, In the statistical equilibrium equations for
N-level atom:

N N
n; jii (R + Cyj) = J%“&i n; (Rj; + Cj3),

where n; is the number density of atoms in the level i,
the dependence on the radiation field is given through
the radiative rates Rj;.
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The radiation field of specific intensity 1,(n"), in its
turn, depends on the level populations through the
emission €,(n) and absorption k, (1) coefficients in the
radiative transfer equation:

L) -, @L @ e, @) =

=k, (M) {4, @) - S, @),

where S,(17) = €, () /k, () is the source function.

Because of the coupling between radiation field and
the state of the gas, it is necessary to solve radiative
transfer and statistical equilibrium equations simulta-
neously. Jefferies and Thomas (1958) were the first to
formulate the radiative transfer problem in this self—
consistent manner for two—level atom gas.

Very detailed discussion on different numerical
solutions of the problem can be found in a paper of
Hummer and Rybicki (1967) and in Mihalas’ book
(1978). Numerous examples of departure from the LTE
in stellar atmospheres and its consequences on the
relative abundance determinations are presented in a
paper of Mihalas and Athay (1973) and in the literature
cited therein,

Generally speaking, there are two directions in the
solution of the non—LTE radiative transfer problem.
The first of them, evaluates, within the frame of some
approximations. the importance of particular physical
processes and their effects on the behaviour of the
system of photons and particles, indicating the necessary
changes in the postulated model or in a theory. The
second one develops new methods for the solution of
the coupledset of equations and applies them in some
more realistic conditions.

2. THE TWO-LEVEL ATOM. SCATTERING

In the treatment of radiative transfer problem, it is
customary to use two-level atom model. Though repre-
senting a considerable simplification of the reality, this
model is of major importance in understanding the basic
physical processes engendering the spectral lines.

These processes can be divided into two main
groups: pure absorption (emission) and scattering The
former consists of all those mechanisms that transform
the kinetic energy of a gas into the radiation field energy
and vice versa, thus establishing the local equilibrium
between particles and radiation. By scattering process
(the absorption of a photon followed by re—emission of
‘a photon of the same (coherent scattering) or slightly
altered frequency (non—coherent scattering) in the same
spectral line) the radiation field energy is only partial or
non transformable into the energy of gas. The most
frequent cases of non—coherent scattering are Doppler
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tedistribution caused by the atomic motion and redistri-
bution due to momentum changing collisions.

The physics of scattering process is contained in
the redistribution function R (v', n", », n )defined such
that R(', 0", v, ) dv' (dQ*/4n) dv (d2/4m) gives the
probability that the absorption of a photon from the
solid angle dQ’ and the frequency range (v, v’ + dv’) is
followed by re—emission of a photon into the solid angle
d€2 and frequency range (v, v + dv) in the same line.

As the absorption and subsequent re—emission are,

"generally, to a certain extent, correlated processes, the

form of redistribution function can be very complex. In
the astrophysical literature, this correlation is designated
as partial redistribution. To solve the transfer problem in
this case, it is necessary to find level populations and the
explicit form of the redistribution function, or, equiva-
lently, the form of the emission profile coefficient. In
the standard problem of partial redistribution (Hubeny,
1984), the emission profile for two— level atom is given
as follows:

Bz /I, 0 )R, K", v, §) & (dQ°/41) + C,20 (v, 1)
‘Bi2 [61(v, 7)) ¢ (, n") dv’ (d2'/4m) + Cyy

Y, n) =

where B, , is the Einstein coefficient for absorption and
C,, is the collisional excitation constant.

Hence, the emission profile generally depends on the
excitation (radiative/collisional) and on the redistribu-
tion process, i.e,, on the previous history of the atom.

The redistribution function describing the scattering
part of the source function S, determines its frequency
dependence in the following way (Hummer, 1965):

S,=(1 —e)quf S, )R, A, v, n)dv (dQ/4n)

+ eB (VO’ Te),

where'e is a parameter which measures the probability
per scattering that the photon is destroyed through
collisional deexcitation, B(vo Te). is Planck function at
line center v, for the local electron temperature Te, and
¢, is the normalized absorption profile. If € = 1, the LTE
limit is recovered,

In the theory of line formation, one is usually more
interested in the redistribution of the radiation in
frequency, than in angle, because the effect of small
shift in frequency during the scattering process enables a
photon originating at the central part of a line to diffuse
to the line wings, increasing its mean free path.Hence,a
photon undergoing many succesive scatterings can travel
very long distances in' the atmosphere and can even freely
escape through the boundary.

Because of that, very useful approximation is often
made by introducing an angle—averaged redistribution
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function R (v', v) dv' dv

From the mathematical point of view, transfer
problem becomes much simpler, if one assumes that the
emission and absorption processes in a given line are
completely uncorrelated, and, thus, described by identi-
cal profiles* ¢,. This approximation reffered to as
complete redistribution or complete non—coherence is
valid if there is a great number of elastic (velocity
changing) collisions during the scattering process.

In this case, the corresponding redistribution func-
tion is given as a product of two independent processes:

R, v) =9 () ¢(v),

and the source function becomes frequency—indepen-
dent:

S:(l ”e)fqbu-]v
with:

dv’ + €B,

V=g [T, ).

The complete redistribution approximation is wide-
ly used in the literature and the corresponding problem
is well known as ,,the standard non—LTE problem”. The
most important results of the solution of this problem
for two—tevel atoms can be found in a paper of Avrett
and Hummer (1965).

3. KINETIC APPROACH

An approach to the problem different from that
described above was introduced by Oxenius (1965), who
explicitelly expressed frequency dependence of both the
absorption and emission coefficients, ¢, and ¢, respec-
tively, through their respective atomic (profile coeffici-
ents in a rest {rame of atom) and kinetic (velocity
distribution functions) contributions. In this so—called
kinetic approach, non—excited and excited atoms are
treated as two kinds of particles with the corresponding
number densities n, and n, and velocity distribution
functions f; (v) and f, (v).In Oxenius’ notation:

l}”v= f d3Vf2 (V) nV (H: ‘7))7

=J &V a2 T,

where @, and 7, are atomic absorption and emission
profiles, respectively.

No assumption about the form of the functions f,
and f, is a priori made.

As typical atmospheric condition, one can assume
that kinetic temperature is much lower than the one of
the excitation, so that stimulated emission can be
neglected and, consequently, the ground atomic level
beeing ,,naturally populated. As the processes, starting
from that level, do not depend on the previous history
of the atom, the atomic absorption profile is known, i.e.,
determined by all of the relevant line broadening
mechanisms, For the same reason, the velocity distribu-
tion function of the non—excited atoms, f,(v), can be
supposed to be Max wellian.

Regarding the emission profile, the situation is,
generally speaking, more complex. Because of the
selectivity of the absorption process, the upper (excited)
level is not ,naturally’’ populated. Both the atomic
emission profile and velocity distribution function of the
excited atoms depend on the radiation field and,
therefore, have to be found by an iterative process of the
solution of coupled set of radiative transfer and kinetic
equations, The kinetic equation defines the distribution
function of the excited atoms Fz(r V)= nﬂ(r) fa (—F 7) in
the following way (Oxenius, 1979):

aFo oF, aF,
VVF,=(- 57 et ¥ (37 Yna T (57 ad

The left hand side of the above equation describes
the streaming of the excited atoms due to non—LTE line
transfer, while the terms of the right hand side represent
the elastic, inelastic and radiative contributions to the
excited level population, respectively. In the absence of
streaming, thisequation reduces to the statistical equili-
brium equation,

This approach, by its generality, has many advanta-
ges, It includes ,Jocal” (if there is no streaming of the
excited atoms) case as the limiting one and affords an
explicit treatment of the velocity distribution functions
of an atom in different levels, 1t was used in the first
truly self—consistent non—LTE sclution of the two—
level atom transfer problem (taking into account the
transport of excited atoms) described in the paper of
Simonneau (1984) and in the series of papers of
Borsenberger et al. (1986, 1987) and Atanackovi¢ et al.
(1987).

4. ACTIVITY AND PLANS AT THE BELGRADE OB-
SERVATORY

The activity at the Belgrade Observatory concerning
non--LTE theory and its applications is at its early stage.
The line profile synthesis made in the frame of solar
limb effect analysis (Vince, 1986) for Nal non—resonant
lines, as well as the line synthesis for early—type stars
(Krsljanin, 1986) are performed in LTE approximation,
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On the other hand [ myself had a chance to start my
work in non—-LTE theory during my seven months’
advanced studies in 1985 at the Institut of Astrophysics
in Paris, under the supervision of Dr. Eduardo Simon-
neau to whom I am greatly obliged for having initiated
me in this domain. Results of that work, bearing on the
effects of elastic collisions on local frequency redistribu-
tion, non—LTE line radiative transfer with transport of
excited atoms in a diffuse approximation, as well as
somé applications of the theory to real stellar atmo-
spheric conditions, form the subject of papers (Atanac-
kovi¢ and Simonneau 1985, 1987a, 1987b) and of my
M.S. thesis.

Our projections at the Belgrade Observatory envisa-
ges the research work on the methods for the solution of
radiative transfer equation as well as the line profile
synthesis using non—LTE radiative transfer.
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SUMMARY:: Digital designations for first 60 catalogues and surveys of star positions are
given, The designations contain 16 information groups with a total of 50 digits for
observational catalogues and 10 groups with a total of 36 digits for other catalogues
(derived, fundamental) and surveys.

INTRODUCTION

Following the suggestion which was given at IAU
Colloquium No 48 ,Modemn Astrometry”, Vienna 1978,
(Teleki, Sevarlic 1978) we are givinga list of first 60
digital designations of catalogues which are all from
..Bibliography of the Catalogues of Star Positions”
(Sevarli¢ et al. 1978).

The designations contain 16 information groups of
50 digits for observational catalogues and 10 groups of
36 digits for other catalogues (derived, fundamental) and
surveys of star. positions. These 10 groups are identical
with the first 10 groups of informations of the observa-
tional catalogues. .

For practical reasons we will repeat the explanations
for each individual digit although these were published
earlier. )

1. First four digits give the register number according to
the number given in the mentioned Bibliography.
2. Fifth digit furnishes information on the type of

catalogue:
1  observational
2 derived
3 fundamental

4 survey (list) of star positions (Durchmusterung)

3. Sixth digit is related to the type of stellar radiation:
1 light
2 radio
4. Next six digits, 7th to 12th, are reserved for the
number of stars.
S. Two places, the 13th and 14th, are giving data on the
type of coordinates:

13th digit denotes:

1  right ascension,
correction to R.A.,
longitude,
correction to longitude,
rectangular coordinate x.

wn bW

14th digit denotes:

declination,

correction to D,
latitude,

correction to latitude,
rectangular coordinate y,
polar distance, north,
polar distance, south.

e NV I R

6. Digit places from 15th to 20th give the lower (first
three digits) and the upper limits of declinations of
catalogue stars. First two digits specify the declination in-
degrees (minutes and seconds are omitted), and the third
indicates the celestial sphere: Oindicates a southern
declination and 1 indicates northern declination.
7. 21st place gives the optical and physical characte-
ristics of the stars
1 bright,

faint,

variable,
. double,

quasars,

point-like galaxies,

bright and faint,

bright galaxies,

clusters and associations.

© VNN D W

8. From the 22nd to 27th digital place information is
related to the catalogue equinox given in tenths of the
year units, reckoned from beginning of the New Era,
The last digit of this group tells us whether catalogue
positions are given for one equinox only (indicated by 1)
or several (from 2 to 9). If more than one equinox is
contained, the first five places give the latest one. The digit
0in the sixth place of the group indicatesa B C year.

9, Epoch is specified by the 28th to 33rd digits in the
same way as equinox. For the observational catalogues
this numeral denotes the mean epoch of observations.
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10. Digit places 34th, 35th and 36th indicate the
institution where the catalogue has been worked out.
The list of the institutions with the corresponding
number is given at the end of this paper. Catalogues and
surveys not uniquely attached to any determinate
establishment are given code number 999.

The next 6 groups of data appear only for the
observational catalogues.

11. 37th and 38th digits provide information on the
type of instrument by which observation has been made:

01 ancient type of instrument (mural quadrant,
etc.),

02  meridian circle,

03  transit instrument (large),

04  transit instrument (small),

05  vertical circle,

06  horizontal meridian circle,

07  photographic vertical circle,

08  Danjon astrolabe,

09  zenith--telescope,

10 photographic zenith tube (PZT),

11 astrograph,

12 astrometric satellite tracker,

13 radio telescope,

14 radio interferometer (short base),

15  radiointerferometer (long base),

16  Cassegrain telescope.

12. 39th digital place specifies techniques appliedin the
observations:

1 eye,

2  photographic plate,

3 photoelectric device,

4  television techniques.

13. 40th digit furnishes information on the circle on the
celestial sphere along which observations have been
performed:

1  meridian,

2 prime vertical,

3 almucantar,

14. 4 ]st digit indicates the method of observations
1 differential,
2 quasi—absolute (orientation of the coordinate
~ system, with reference to the planetsand the Sun,
or otherwise, is absent)

3 absolute,

15. The next six digits, from 42nd to 47th, provide
information on the mean square error of a single
observation: in the determination of R.A.(first 3 digits)
in units of 03001 and in the determination of declination
(last 3 digits) in units of 0°01.

16. Last three digits, from 48th to 50th, inform about
the mean number of the observations of stars.

If an information group or digit place is marked by digit
0, the catalogue or survey does not have relevant
information. :

System of designation

Groups Digit places

. Register number

. Type of catalogue

. Type of stellar radiation
.Number of stars.

. Star coordinates

. Declinatior: zone

. Optical or physical characteristics
. Catalogue equinox

. Catalogue epoch

. Institution

s
OV~ WndH W =

—
—

. Type of instrument

. Observational technics

. Circle on celestial sphere

. Observational method

. Mean error of a single observation
. Mean number of star observations

WA= =N WA OO b

[
(o VLI SRV )

50 places

—
(o))

groups

DIGITAL DESIGNATIONS OF CATALOGUES AND SURVEYS OF STAR POSITIONS:

Alb; Schl — F. Schlesinger, CJ. Hudson, L Jenkins, J. Barney. Catalogue of 1275 Stars. Re—observation by means of
photography of Astronomische Gesellschaft stars between declinations +1° and +2°%, reduced to 1875.0 without
applying proper motions. Transactions of the Astron. Obs, of Yale Univ, 3, part 4, New Haven, 1926,

0656 11001275 11011021 7187501191479 023 11211011016 002

Yale 4(31) — F Schlesinger, J Barney, Catalogue of the positions and proper motions of 8359 stars. Reobservation by
means of photography of the Astron. Geselischaft Zone between declinations +50° and +55°, Trans. Yale Obs., 4, 1925

{Ref.: VIS, 61,31, 1925)

06721 1 008359 11501551 7187501 191601 023 11 211011016 002
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Hels, Schl — F Schlesinger. Catalogue of Positions and Proper Motions of 7727 Stars between +550 and +60°. Trans. of
the Yale Obs., 7, 1930.

07001 1007727 11 551601 7 187501 191661 023 11 21 1 010015 002

Hel's, SchiApl -- F Schlesinger. Catalogue of Positions and Proper Motions of 7727 Stars between +55° and +600.
Trans. of the Yale Obs., 7, 1930, App I.

0701 1 1000396 11551601 2187501 191661 023 1121 1 010015 002

Hels; SchlAppll -~ F Schlesinger. Catalogue of positions and Proper Motions of 7727 Stars between +55° and +6Q°,
Trans. of the Yale Obs., 7, 1930, App 1. v

07021 1 000080 11 501551 7187501 191661 023 11 21 1 010015 002

Yale5S — F Schesinger.C.J. Hudson, L Jenkins, J, Barney. Catalogue of 5833 Stars, —2° to +1°, Trans. of the Astr Obs.
of Yale Univ. 5, 1926.

07181 1 005833 11 020011 7 187501 191449923 11 2 1 1 011016 002

Yale 9 - k. Schlesinger, J Bemey. Catalogue of the Positions and Proper Motions of 10 358 Stars. — Re~observations
by Photography of Astronomische Gesellshaft Zone between Declinations +25° and +30°, reduced to 1875. 0 without

applying Proper Motions, Together with Photographic Magnitudes determined by means of the ﬂlexmoelectrlc
Photometer by J Schilt. Trans, of the Astron. Obs. of Yale Umversny New Haven. 9. 1933.

(074211010358 1'1 251301 7 187501 19292902311 21 1 009014 002

Yale 4(175) - Positions of 1070 Comp.Stars, Trans. of the Astron. Obs, Yale Univ. 4, 1925, p. 175.

133311 001070 11 501551 7 191701 191701 037 02 1 1 1 000G0OO 002

Yale10 - F.Schiesinger. | Barney. C Gesler. Catalogue of 8703 stars +20° to +25°. Trans, of the Astron. Obs. of
Yale University, New Haven, 1930. 10

1584 1 1 008703 11 201251 7 187501 192929023 11 21 1 009014 002

AGK3 - O.Heckmann. W.Dieckvoss, HXox, A Giinther, E.Brosterhus. AGK 3, Star catalogue of positions and proper
motions north of - 2°5 declination. derived from photographic plates taken at Bergedorf and Bonn in the years
19281932 and 1956--1963. Hamburger Sternwarte, Hamburg—Bergedorf. 1975.

162221 183566 11 020901 7 195001 196083 018

Bel: ol — SN.Sadzakov, D.P.Saleti¢. Catalogue of declinations of the latitude programme stars (KSZ). Pubi. Obs.
Astron, Beograd, 17, 1972.

16561 1 004175 01 201651 1 195001 196951 001 02 1 1 1 000034 004

Bel; o2 — S Sadzakov, D, Saletic, Declinations and proper motions of the stars of the ILS on the basis of meridian
catalogues from 1929--1972. Publ.Obs. Astron, Beograd, 21, 1975.

1657 2 1 000401 01 131621 7 195001 195001 001

Bels 43 -- D.Djurpvi¢. Corrections des ascensions droites de 245 etoiles du catalogue FK4. Bull. Obs.Astron, Beograd,
127,1976, p.1 (Epoch 1966--68).

1658 1 1 000245 20 300701 7 000000 196802 001 04 1 1 1 020000 000
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Bords ,Ph — I M Mazurier, G.Mangenot, Y.Requieme, A catalogue of 1649 stars observed in Bordeaux with a tracking
photoclectric meridian micrometer. Astron. Astrophys., Suppl. Ser.,27, 1977, p. 467,

167311 0()!640 111016217 ]‘)\001 197559 035 02 3 1 1 009020 006

BucKSZ - F Marcus. Bucharest KSZ catalogue of faint stars for 1950.0, declination zone —11° to +11°. Publ. House of
the Rom. Acad,, Bucharest. 1972

1677 11 003939 11 IlOI ‘l 7 l‘)NOOI OO()OOO 004 02111029049 004

CASEL M.Sanchez. Astrolabe stars catalogues of San Fernando. Astron. Astrophys., Suppl. Ser. 25, 1976, pp. 9-23.

[0R3 1 ] ())f)l‘)l) 11 (’Rl(»7l l I“W()() 1‘)71“0»4 081 1 1 00801(1 100

CASE Y M.Sanchez. Astrolube stais catalogues of San Fernando, Astron, ‘Astrophys., Suppl. Ser ., 25, 1976, pp. 9-23.

1os4 l ()003.‘0 Il U“'(\—H 1 195001 197342034081 11 008016 100

CASIF3 M Sanchez. Astrolabe catalogue CASF3 of San Fernando, Astron. Astrophys., Suppl.Ser.,29,1977. p. 245.

Jo8S 1 1 0002 l\ } l ()\!() ] I 1"\()"1 ]""’(»4’ 0\4 0?~ 111 00‘»0]6 100

Golc, I - A K Korol'. Declinations of bright and faint fundamental stars in a uniform system,Akad.nauk . Ukr. SSR.
Glavnaya Asiron,Obs., Kiev. 1969.

17729 I | ()01—“): ()1 \1()‘)()‘1 7 19% () )l 1‘)*\)[)1 003 0\ 113 000032 006

ol L - A Charin. Katalog der Deklinationen von Sternen der Zenitteleskopprogramme im FK4-system fiir die
Beobachrungsepoche und das Aquinoktium 1950.0. Verlag Akad. Wiss. Ukr.SSR. Glavnaya Astron.Obs., Kiev. 1963.

1"‘0 I ())33> 3 Ul H) \')] 71950061 (JO()UOO OO% 05 11 0000‘1 004 o B
Goi2 3y - AR Korol W3 Konm, Katalog der Deklinationen von 67 Sternen im programm des Poltanaer
Zanivreleskops, I2v. GAQ Kiew 1938 2, vyp 2.p 3.

173531 ()t)du\”f)i 71’7“ 7 ")‘()m ‘)3“‘)1 003 ()3 ) 1 l 0000’4 00\

Kicw !'](3) ~ AAL (,orvn)d Katalog der Deklinationen von 585 am Meridiankreis des Astron. Obs. Kiew im System des
PR3 beoshachitzien Sternen. Trudy Kievsk. Astron. Obs., 1,1956. p. 3. (Die Sterne liegen zwischen —200 Dekl. und dem
Polund 4 urdf:n, von Febr, 1945 bis Apr. 1951 beobachtet).

17591 1 000>N3 Ul 24 )O‘)Ol 7 195001 000000009021 11 OOOO§3 00§

MilCans g Vert - F Scineidler. Messungen fundamentaler Deklinationen auf beiden Hemispharen. Veroff. Sternwarte
Miinchen. 4, Nr 22, 1937, p, 211 (Observations at Miinchen in the mean epoch 1949 and at Canberra in 1955).

1%34 1 1 000000 01 900901 0 195001 000000 005 05 1 1 3 000037 000

Pars 4] - M.I Levy. Catalogue de 3997 étoiles (Paris 501) (On cards).

187311003997 11331351 0 195001 000000 016 021 1 1 000000 000

SantACIN30 —F.Nogl. Individual corrections Astrolabe-N30 for 449 southern stars. Astron. Astrophys., Suppl.Ser.,
22,No 1, 1975, p. 63 (sec catalogue No 2053).

192211000449 22620040 1 195001 19713900208 1 1 1 005008 000
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SAQ -~ Smithsonian Astrophysical Observatory Star Catalogue. Positions and proper motions of 258997 stars for the
epoche and equinox of 1950.0. Washington, D.C Smithsonian Institution, 1966.

1926 21 258997 11 800801 7 195001 195001 020

4, ToulR! - R.Bonique, H.Dedieu. Positions et mouvements propres des ctoiles de rapéie de la zone de Toulouse
(Quatridme catalogue révisé). Ann. Obs, Astron. Met. Toulouse, 30, 1965, p 21,

1967 21001702 11 041121 2 195001 190001 017

4.ToulR2 - R Bonigque, H.Dedieu. Pacians et mouvements propres des étioles de repere de la zone de Toulouse
{Quatridme catalogne révisé). Ann. Obs. Astron. Mct, Toulouse, 31, 1965, p.9,

196& 21 001683 11 041121 2195001 190001 017

LeSILG P Melchior. R. Dejaffe. Caleul des declingisons et mouvements propres des Stoiles du Service international
des futitudes 3 partir des catalogues méridiens. Ann Obs. Rov. Belg.. Uccle. (3). 10, fasc, 3, 1969,

1971 21 000404 01 1306200 195001 195001 011

Wri.2 - P Rvbka, Rektascensie 555 gwiazd fundamentalnogo katalogu slabych gwiazd w systemie FK3. Contr.
Wroclaw Astr. Obs., 13, 1956 (Ep. 1950--53),

1986 1 1 000555 10 150901 2 195001 000000 008 03 1 1 1 044000 005

Yalell - I.Schieisnger, [ Bamey. Cataloguc of the positions and proper motions of 8101 stars. Re--observation by
photography of the Astr. Geselschatt Zone between declinations —10° and —14° reduced to 1950.0 without applying
proper motions, Trans. Astron. Obs. Yale Univ., 11. 1939.(Epoch 1933).

19891 1 Q0R10] T 1401007 195001 193351 023 11 21 1 008010 002

Valed2, - F.Schlesinger. | Bamey . Catalogue of the positions and proper motions of 8563 stars. Trans.Astron.Obs, Yale
Unive 12, part 1. 1940

1900 1 1 008565 11 160140 7 195001 19337902311 21 1 005010 002

Yale12. — F.Schleisnger, I.Barney. Catalogue of the positions and proper motions of 4553 stars. Trans.Astron,Obs.Yale
Unive 12, part 2. 1940.

1951 11 004553 11 200180 7 195001 193389023 11 21 1 008010 002

Yule13, - F.Schlesinger. I.Barney. Catalogue of the positions and proper motions of 4292 stars. Re—observations by
photography of the Astr. Geselsch. Zone vetween declinations —20° and —22°, reduced to 1950.0 without applying
proper motions, Traus. Astron. Obs. Yale Univ. 13, part 1, 1943. (Epoch 1933).

199211 004292 11 220200 7 195001 193389 023 11 21 1 007010 002

Yale13, — F.Schiesinger, 1.Baney. Catalogue of the positions and proper motions of 9455 stars. Re—observation by
photography of the Cordoba Zone between declinations —27° and —30°, reduced to 1950.0 without applying proper
motons. Trans. Astron, Obs. Yale Univ., 13, part 2, 1943 (Epoch 1933).

1993 1 1 009455 11 300270 7 195001 193401 023 11 21 1 007010 002
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Yale14 — F.Schlesinger, I.Barney. Catalogue of the positions and proper motions of 15110 stars. Re—observation by
photography of the Cordoba Zone between declinations —22° and —27°, reduced to 1950.0 without applying proper
motions. Trans. Astron. Obs. Yale Univ., 14, 1943 (Epoch 1933).

1994 11015110 11 270220 7 195001 193399 023 11 21 1 007010 002

Yalel6 — 1.Barney. Catalogue of the positions and proper motions of 8248 stars. Re—observation by photography of
the Astr. Ges, Zone between declinations —6° and —10°, reduced to 1950.0 without applying proper motions. Trans.
Astron, Obs. Yale Univ., 16, 1943 (Epoch 1933).

1995 1 1 008248 11 100060 7 195001 193399 023 11 21 1 007010 002

Yale17 - 1.Barney. Catalogue of the positions and proper motions of 8108 stars. Re—observation by photography of
the Astr. Ges. Zone between declinations —2° and -69, reduced to 1950.0 without applying proper motions. Trans.
Astron,Obs. Yale Univ. 17, 1945, i

19961 1 008108 11 060020 7 195001 193399023 1121 1 007010 002

Yalel8 -- | Barney. Catalogue of the positions and proper motions of 9092 stars. Re—observation by photography of
the Astr. Ges. Zone between declination +15° and +20°, reduced to 19500 without applying proper motions. Trans.
Astron. Obs. Yale Univ., 18, 1947.

1997 11 009092 11 151201 7195001 194049 023 11 21 1 008012 002

Yalc19 - I.Barney.Catalogue of the positions and proper motions of 8967 stars. Re—-observation by photography of
the AG Zonc between declinations +10° and +159, reduced to 1950.0 without applying proper motions. Trans, Astron.
Obs.Yale Univ,. 19, 1948,

199811 008967 11101151 7195001 194049 023 11 21 1 008012 002

Yale20 - 1 Barney. Catalogue of the positions and proper motions of 7996 stars. Re—observation by i)hotography of

the AG zone between declinations +1° and +5°, reduced to 1950.0 without applying proper motions. Trans. Astron.
Obs.Yale Univ., 20, 1949

1999 11 007996 11 011051 7 193001 193799023 11 21 1 008012 002

Yale21 - I.Barney. Catalogue of the positions and proper motions of 5583 stars. Re—observation by photography of
the AG Zone between declinations —2° and +1°, seduced to 1950.0 without applying proper motions. Trans. Astron.
Obs. Yale Univ., 21, 1950

2000 1 1 005583 11 020011 7 195001 193799 023 11 21 1 008012 002

Yale22, — L.Barney. Catalogue of the positions and proper motions of 9060 stars . Re-observation by photography of the
Astr. Ges. Zone between declinations +5° and +9°, reduced to 1950.0 without applying proper motions. Trans. Astron.
Obs. Yale Univ., 22, part 1, 1950.

2001 11 009060 11 051091 7 195001 193799023 11 21 1 008012 002

Yale22, — L.Barney. Catalogue of the positions and proper motions of 1904 stars. Re—observation by photography of
the Astr. Ges. Zone between declinations +9° and +10°, reduced to 1950.0 without applying proper motions. Trans.
Astron. Obs. Yale Univ., 22, part 2, 1950.

200211001904 11 091101 7195001 194049 023 11 21 1 008012 002
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Yale23A - I Barney. Supplementary volume to the Yale Zone catalogues, —30° to + 30°. Section A: Zone catalogue,
—6° to —10° . Suppl. to Vol. 16 Trans. Astron. Obs. Yale Univ., 23A, 1951.

200311001244 11 060100 2 195001 193399 0231121 1 007010 002

Yale23B — l.Barney. Supplementary volume to the Yale Zone catalogues —30° to0 +30°. Section B: Zone catalogue,
~2° to —6°, Suppl. to Vol. 17. Trans. Astron. Obs. Yale Univ., 23B, 1951.

2004 1 1 000651 11 0600202 195001 193399 023 11 2 1 1 007010 002

Yale24 — L.Barney. Reviced catalogue of the positions and proper motions of 10358 stars. Contained in the
Astr.Ges. Zone between declinations +25° and +30°, on the system of the FK3,and reduced without applying proper
motions to the equinox 1950.0. Trans. Astr. Obs. Yale Univ., 24, 1953.

200521010358 11 251301 7 195001 192929 023

Yale25 — 1.Barney Revised catalogue of the positions and proper motions of 8703 stars. Contained in the Astr.Ges.
zone between declinations +20° and +25° on the system of the FK3,and reduced without applying proper motions to
the equinox 19500 Trans. Astron. Obs. Yale Univ., 25., 1954,

2006 21 008703 11 201251 7 195001 192999 023

Yale26, — | Barney, AJ.J. van Woerkom, Catalogue of the positions and proper motions of 1031 stars between
declinations +85° and +90°, reduced without applying proper motions to the equinox 1950.0 Trans. Astron.Obs.Yale
Univ,, 26, part 1, 1954,

200711 001031 11851901 7195001 195131 023 11 21 1 006008 004

2007 1 1 001031 55 851901 7 195001 195331 023 11 2 1 1 006008 004

Yale26, - LBarney, D.Hoffleit, R.B.Jones. Catalogue of 8380 stars, between declinations+50° and +55°. Trans. Astron.
Obs. Yale Univ., 26,part 2. 1959,

2008 1 1 008380 11501551 7 195001 194749 023 11 2 1 1 006009 002

Yale27 -- I.Barney, D.Hoffleit, R.B.Jones. Catalogue of 8164 stars, between declinations +55° and +60°., Trans. Astron.
Obs. Yale Univ..27, 1959.

200911 008164 11551601 7 195001 194749 023 11 21 1 006009 002

Yale31 - P.K.Lii. Preliminary catalogue of the positions and proper motions of stars between declinations —70° and
-90°, reduced to the equinox of 1950 without applying proper motions. Trans. Astron. Obs. Yale Univ. 31, 1971.

201011 018702 11 900700 7 195001 195669 023 11 21 1 017026 010

SantAC1 — F.Noél, K.Czuia,P.Guerra. First astrolabe catalogue of Santiago. Astron, Astrophys., Suppl. Ser., 18, 1974,
p. 135 (325 FK4 and 215 FK4Sup stars; zone —5° to —620; epoch 1967—71).

20531 1 000540 22 620050 1 197501 197130002 08 1 1 1 005008 000

AAS12(277) — G.Goy.A new general O type stars catalogue. Astron.Astrophys., Suppl Ser.,12, 1973,p. 277,

2060 4 1 000633 L1 900901 7 190001 000000 033
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AAS18(169) — H.Neckel. Photoelectric catalogue of 1030 M—type stars located along the galactic equator. Astron.
Astrophys., Suppl. Ser., 18, p. 169, 1974,

206111 001045 11 230671 7 190001 197129 618 16 3 0 0 000000 003

LaP138 — C.Jaschek, E Hemandez, A Sierra, A.Gerhardt. Catalogue of stars observed photoelectrically. Obs. Astron.
Univ. Nac. La Plata, Argentina, Ser, Astron., 38, 1972,

20654 1 025000 11 900901 7 190001 000000 022

PASP80(342) — A.R.Upgren. R.Grossenbacher. Positions and color indices of twenty—six carbon stars. Publ. ASP, 80
1968, p, 242,

20671 1 000026 11 311351 7196001 000000 014 11 2 0 1 000000 002

4Toulll — R.Bouigue, H.Dedie. Positions et mouvements propres des étoiles de repere de la zone de Toulouse
(Quatrieme catalogue révisé) II. Ann.Obs.Astron.Toulouse, 32, 1968, p.7 (AR 8—12h standard stars of Toulouse).

206921001772 11041121 2 195001 190001 017

AAS26(219)Bes — V.Maitre. Mean positions and proper motions of 355 stars in the declination zone +33° to +36°
Astron, Astrophys., Suppl. Ser.26, 1976, p 219.

2074 21 000355 11331361 1 195001 195199 015

The List will be continued in the following issues of Bulletin,
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