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LONG- TERM CHANGES OF LINEAR OPTICAL POLARIZATION OF Be STARS

J.Arsenijevic, S.Jankov, G.DjuraSevic and I.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 0 And,
88 Her, K Ora and 'Y 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 K Ora. 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, tile complex
photometric, spectral and polarization characteristics.
For example, in any star the beha viour 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 Iong=Ias-
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
polarirnatric measurements of 0 And, 88 Her. and 'YCas
during the period 1974·· 1984. and of K Dra during the
period .1979 1984. The further analysis of these
results will be published subsequently.

OBSERV AnONS

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

Table I. Annual mean values of the polarization parameters

o And 1974
1975
1976
1977
1978
1979
1980
1981
1982
19113

88Her 1974 0.18
1975 0.15
1976 0.14
1977 0.09
1978 0.13
1979 0.28
1'JilO 0.25
19RI 0.22
1982 0.24
1983 0.21
1984 0.12

K Dra 1979
1980
1981
1982
1983
1984

') Cas 1974
1975
1976
1977
1978
1979
1980
9181
1982
1983
1984

0.43
0.56,
0.34
0.15
0.17
0.18
0.35
0.27 .
0.30
0.41

0.28
0.18
0.23
0.50
0.50
0.65

1.09.
0.96
0.84,

0.97
0.78

0.68
0.68
0.61
0.68

9(,
104
130
117
120

76
74
85
85
94

112
177
149
147
116

60
68
68
46
41
34

105
114
III

112
104

107
105
105
106

0.20
0.09
0.06
0.03
0.17
0.38
0.35
0.33
0.33
0.29
0.18

17
37
29
30
28
27

0.30
0.14
0.21
0.45
0.47
0.62

97
16

105
100
97
62
68
68
56
51
50

5
16
14
24
22
22

15
1'1
14
57

6
15
2

12
43
82

2
4
7

14
17
19
16
21
36
35
57

5
18
23

3
48
12

4:3
22
34

2

n

the 65-cm Zeiss refractor and the stellar polarimeter
(Kubicela et at 1976) was modified in 1979 to enable
one to obtain digital magnetic records sui table for
further computer processing. The measurements were
done in the Vv-spectral region. Integration of the raw
polarimatric signal was done in 4-second intervals. The
angular velocity of the analyzer was one turn 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 ofa fainter star, 88 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.m.s. 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, 80, together with the corresponding
in trinsic quantities, Psand 8 s- have been given in Table I
comprising the data of all four stars. In Table I n is the
number of measurements included in the tabulated mean
values.

POLARIMETRIC CARACfERISTICS OF INDI-
VIDUAL STARS

o And (HD 217675)

15
1
1

9
4

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'11mention only the existence of photome tric 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 0 And polarimetry is an alternation
of shell-phases in cycles of variable length,

The results of polarimetric observation of 0 And at
the Belgrade Astronomical Observatory in the period
1974 - 1983 indicate the presence of long-term
varia tions, It is clearly seen in Figure 1a and 1b, were the



observed long-tenn 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.

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

observed polarization parameters, Po and eo, are shown
versus time. We discuss here the observed polarization
parameters as the in terstellar 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.

140
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b120
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0.5 P/\ a
0.4 •. . /
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74 75 76 77 78 798081 52 B3

Fig. 1. Annual mean values of the observed polarization
parameters of 0 And versus time: a) percentage of polarization
Po; b) position angle 80,

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 0 And in the former time interval
have been considered elsewhere [Arsenijevic et al., 1979,
and Arsenijevic, 1981). It can be guessed that the
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Fig. 2. Annual mean values of the intrinsic polarization
parameters of 88 Her versus time: a) percentage of polarization
Ps; b) position angle 8s

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, Po and eo, are shown in Table I. Due

3



1. ARSENIJEVIC, S. JANKOV, G. DJURASEVIC and I. VINCE

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: Pi = 0,1%
and OJ = 158°. By eliminating the interstellar polariza-
tion out of the observed one, the intrinsic polarization
parameters, Ps and 0 s, have been found. They are also
shown in Table' 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
estima tion 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 measurements
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 Ora (HO 109387)

The star was observed in the period 1979 - 1984.
The first results are shown in Table I where, similarly to
the other stars, Po and eo are the annual mean
polarization percentage and position angle, The values of
the intrinsic polarization parameters, Ps and Os, given in
the corresponding columns, have been evaluated using
the assumed interstellar polarization cqmponent: Pi =
0.12% and Oi = 620. The procedure of observing the
interstellar polarization component is thoroughly des-
cribed in the paper Arsenijevic et al; (1986). The
parameters of the in trinsic polarization are shown versus
time in Figure 3a and 3b, where one can clearly notice
continuous changes of the polarization percentage duo
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 So in 1979, to about
220 in 1983 and 1984. It seems that these changes are
discontinuous exhibiting a leap of about 100 in the
interval between the observations in 1979 and 1980 and
another one, again of about 100, during 1981 and 1982,

4

4

20

o

0.6

0.2

/.-.-.r:
•
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•

P% / a

79 80 81 82 83 84 YEAR
Fig, 3.. Annual mean values of the intrinsic polarization
parameters of J( Dra versus time: a) percentage of'polarization
Ps; b) position angle Os.

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 oflong-term
changes in K Dra is similar to the variation in i 0 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 POLARIZA nON OF Be STARS-------------------
'YCas (HD 5394)

This extremely interesting star is being observed in
different ways for many years. An analysis of long-term
changes in 'YCas 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 1. 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 till 1984.
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Fig. 4. Annual mean values of the observed polarization
parameters of 'Y Cas versus time: a) percentage of polarization
Po; b) position angle 00'

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 HaIfa emission.
Poeckert and Marlborough (1978) have also noticed

in 1976 a deviation of polarization percentage from its
general decreasing trend. I t is seen in Figure 4a. Tn 1977,
the same authors measured an opposite digression of the
observed polarization and one could probably take that
the polarization percentage found in 197~ - again
deviating from the general trend -- (Figure 4a) was a
result of the disturbance occuring in Iqn. 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 differen t estirn ations of in terstellar polari-
zation component in the direction of 'Y Cas. Some
authors dec\areit to be zero, while some others,
measuring polarization of the field stars, find Pi = O.6V"
and 8i == 950 or, measuring the polarization in the
spectral lines and in the continuum, Pi = 0.2770 and 8i =
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 tile observed :·L'1d interstellar polariva-
tion vectors are nearly colincar, the time=variation of
the polarization percentage are in both cases the same,
while the position angle remains approxime taly con-
stant.

Accepting the highest value of the in terstellar
polarization percentage, Pi = 0.66%, one finds the
in trinsic polariza tion of -y Cas in 1983 to be very close to
zero. Hence, according to the behaviour of the other
stars, one would assume that 1983 was a year of minimal
activity in 'YCas, and that some new changes (Be or shell
phase) could be expected.

INSTEAD OF A CONCLUSfON

TIle 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. 111e basic assumption
of our 1973-program on the existence of long-term
variations of optical polarization in these stars was
fruitful. TIle 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 L1C corresponding
star and even with the intensity of its hydrogen emission
lines.

Similar measurmen ts or other program stars are in
preparation. Besides, a further study of the noticed

5
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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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1988; EI-Farra and Hughes, )')8.3; Ackerman et al.,
1985) and on the average gives a satisfac tory agreement
with experiments. Recently, the modified serruempirical
approach was applied to the Stark hroadening of spectral
lines from 127 astrophysicaly important multiple ts of
doubly and triply charged ions (Dirru trijevic, 1988a).
and the results are verified via comparison with some
other approximate approaches (Di mi trijevic. 1988c1.
This approach achieved reliable results also in the case of
lines of heavy ions such as Till and MnII in the solar
spectrum (Dimitrijevic, 1982a) and Fen in the spectrum
of Am 15 Vulpeculae (Dimitrijevic, 198Bb).

Krsljanin and Dimitrijevic (1989) mowed that
modified serniempirical approach gives good average
accuracy even in the case of Stark shifts for such a
complex ion as ArlJ. The aim of this paper IS to examine
reliability of modified semiernpirical Stark widths and
shifts of ArII lines via comparison with representative
experimental and more sophysticated theoretical data
and to provide ex tensive Stark broaderung da ta set,
suitable for fast estimates in astrophysics and laboratory
plasma spectroscopy.

Absorption lines of ArH are observed in spectra of B
and A type stars. The cosmic abundance of Ar is not
very well determined (e.g. Grcvesse, 1984). Argon is one
of the important costituents of' the Earth's atmosphe-
re, and is frequently used in laboratory plasmas.

SUMMARY: The modified serniempirical approach (Dimitrijevic and Konjevic, 1980:
Dimitrijevic and Krsljanin, 1986) was used for calculation of Stark widths and shifts for
ArII lines. Comparison has been made with semiclassical results ofJonesetal., (1911) as
well as with critically selected experimental data. Sinoe the good average accuracy of the
present results has been achieved, tabulation of modified semiempirical Stark broadening
parameters for 50 ArII 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 0, 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
Dimitrijevic, 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;
Krsljanin, 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; Dimitrijevic
and Konjevic, 1980; 1981; 1986; 1981; Dimitrijevic and
Krsljanin, 1986; Seaton, 1987) are more appropriate.

The modified semiempirical approach (Dimitrijevic
and Konjevic, 1980; 1981a; 1981; Dimitrijevic and
Krsljanin, 1986) is tested several times (Dimitrijevic and
Konjevic, 1981a,b,c; Dimitrijevic, 1982a,c; 1983;
1988b,c; Dimitrijevic and Krsljanin, 1986; Konjevic et
al; 1984; Krsljanin and Dimitrijevic, J989; Lanz et al.,

2. THEORY

According to the modified serniempirical approach
(Dimitrijevic and Konjevic, 1980, 1987: Dimitrijevic and
Krsljanin, 1986), the half=halfwidth }Ii and the shift d of
an ion spectral line broadened by Stark effect are given
by the following expression

"I
I
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'd N 41T b
2

(2m\1 /2 _1T_ ~
W + I = 3" m2 1TkT'} M3 ~V.:J i=t.!

{Rk,k+ I [g(Xk,k+ 1)+ iEj&h (xk,k+ I)] + Rl,k- 1 •

. [g (Xk,k- d- i€j&h (Xk,k- irl l+ l(Rjr ).6n*o [g (x) +

+ i€/-9sh (Xj)] - 'liE; [ ~ (R~.,).6 *0 gsh (X '1")] (1)
.6.E jr<o II n 1

In this expression Rj.jOn units of the Bohr radius
a~ ) is the square of the coordinate operator matrix
element summed over all components of the operator
and the magnetic substates of total angular momentum
J', and averaged over the magnetic substates of J.

The cases where the one- electron model (i.e, only
one energy level for each nQ electron) assumed in
equation (2) is not satisfied: are analysed in detail by
Dirnitrijevic (l982b). e.g. for' a multiplet as a whole,
R},j should be multiplied by Rinult (2 Q + 1)/(2L + 1)
The multiplet factor R~Ult can be fourid in tables of
Shore and Menzel (1965). The parameter Ej = +1 if j = i,
and -I if j = f. k = Qj (the orbital quantum number of
the valence electron, i and f denote the initial and final
energy states. »n: =3 kT /2JAEjj'J, Xj = 3 k rrf. 3,/4Z2EH'
EH IS the hydrogen ionization energy, Eton is the
appropriate 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, •.AEr =Ej'-Ej.
Q=max(Qj, Qj)"Niselectron density,nj=[EHzt/(Eion -
Ej) Jlf2 'the effective principal quantum number, and d?
is the Bates-Damgaard (1949) factor, tabulated e.g, in
Oertel and Shomo's (1968) paper.

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

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

8

In the cases when perturbing levels exist which
strongly violate the assumed approximations, i.e. if there
are levels with IAEj'jJ ~ I AEn,n+1 I, a correction of
equation (1) may be done by summing equation (3) and
equation (L), Here, m' is the number of such perturbing
levels and €k = + 1 if k := i and - 1 if k =f.

• 41T h2 ( 2m )1/2 1T
Wc + Idc =N "3 m: rr kT -;;r .

. mr..Rj'j [9 (xn) - 9 (xn;, n;+1) ±

± iEk (9sh (xn)+ 9sh (xn i, n i+ 1))1 (3)

3. RESULTS

On the basis of critical reviews of experimental data
(Konjevic and Wiese, 1976; Konjevic et al., 1984) and
from inspection of current literature, one can list 20
references with reliable experimental data on ArII Stark
widths and shifts, covering about 50 ArIl muitiplets. 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).

2w (A) r--------·----- .---.-----.-..--_..--------1

_4~!'" +E I
r x > .• I

3 ~',' .~E2 ". .~ I
I· ~ --.-
j *Q -------- j

. 2 r ----- .. ~
~ ----~
I I

l I !
I i
I I! L L_. .L •. L._. .1_ • .L .~

500() 10000 2(lO[)O 30000 400QO
T (K)

Fig. 1. Stark widths for ArlI 3d4D - 4p4 pO .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-Jaluf1ca et at. (1966), C-Mura·
kawa (1966), D-Roberts (1966), E-Chapelle et at. (1967,
1968a), F-Blandin et aI. (1968), G-Chapelle et at. (1968b),
H-Roberts (1968), J-Powel (1966), K-Konjevi~ et at. (1970),
L-Labat et at. (1974), M-Morris and Morris (1970), N-Klein
(1973), O-Baker and Burges (1979), P-Vaessen et at. (1985),
Q-Nick and Helbig (1986), S-Vitel and Skowronek (1987),
X-Behringer and Thoma (1978), Y-Pittman and Konjevic
(1986), Numeralsnear the experimental points denote numbers
of line widths (shifts)with the samemeasuredvalues.
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40000
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Fig. 2. Stark widths for ArIl 3d4D_4p4Do multiplet. Notation
\5 the same as in Fig. 1•.
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Fig. 3. Stark widths for ArII 4s4p_4p4pO multiplet. Notation is
the same as in Fig. 1.
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Fig. 4. Stark shifts for ArII 4s4:P_4p4pO multiplet. Notation is
the same as in Fig. 1•.
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Fig. 5..Stark widths for ArIl 4s4P_4p4Do multiplet. Notation is
the same as in Fig. 1. .
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Fig. 6. Stark widths for ArII 4pl!pO_ 4d1p multiplet. Notation is
the same as in Fig. 1.
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Fig. 7. Stark shifts for AlII 4plpo_4d1p multiplet. Notation' is
the same as in Fig. 1.
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5000 10000

~ .1 L..-_--1..

20000 30000 40000
T (K)

Fig. 8. Stark shifts for ArII 4p2DO_Ss2p multiplet. Notation is
the same as in Fig. 1.
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.5 f -,
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Fig. 9•.Stark shifts for ArII 4p4So_4d4P multiplet. Notation is
the same as in Fig. 1.,

Table 1. Modified semiempirical electron impact full halfwidths and shifts (in angstrom units) of ArII lines at Ne = 1017 cm-3 as func-
tions of temperature. (Waveiengths are the averaged values for the multipiets.)

T ".,,:,.1T: ~:, :i, + i D 1"1 i"lult ~J;:'l••..e'·' !,~idth!::. ;:",nd shi ft~;
No l('2T1qth

T'·· ~iDD() 1DOOO ~~DOOD ,:j.ODOO K...

1- , 3 ~:.23t)~:)-3~:~3 t)\~') 1.U\.' 9~;':3 , 83 ;~ ',r/::: , :~3D""~~ 2~:'33_.~.~ , It)~,-,~~ , 11.7-;~
d'''' 338· ..3 2:39-·3 169-3 1'1.9-3, .... , , ,

::: 3df.t o ."'"pi,. F'D .!. 4389 , 4· ~·~w::: 386 ~'~:l3 1.93 , 137
do::: ~)48··1 , 388-,1 :;:~:·;'3_.:J. , 19/t-l

'7 3dif·D -.it pif·D 0 2 396B ...,
~~\'i=' :~3;;:~ ~;::3~, 166 117,J , , ;' ,

d::: , 6:1.0 ....:1. ',·34-l 3()'7-·1 235-1,

'I' 3d't D....'tpi,. ~iO 5 :~lt99 -, 21 ••i= ?60 1f.l4 130 919-'l, /
d::: i,·68·" :l , 331-,1 , ;;::::~;t-l lB9-1

.: 3d2P-·r:'tl::>.. ;;~DO 3D 3~d)tl l ~.~ l,al :::: ~:':8ii' 2:01 1(t2 100,) , ,
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Table. 1. (continued)
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Table 1. (continued)

T'J~ans i t i on Ml.Ilt. I~Jave- Widths and shifts
No . length
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Table 1. (continued)
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1 -r?
J. I .'
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Results of Krsljanin and Dimitrijevic (1 <)89) and of
the present work show that the average agreement of
modified semiempirical results with experiments for
both widths and shifts is approximately wi thin SO"i>,
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 .Q coupling
perturbing levels play an important role (for more details
see Krsljanin and Dimitrijevic, 1989).

One can conclude on the basis of Krsljanin and
Dimitrijevic (1989) and of the results presented here,

that modified serniempirical 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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all the available astrome trical observations. the statistical
treatment of these data is needed,

With a view to obtain more precise astrometrical
data for the triple stars of the program of Leningrad
State University Astronomical Observatory (AO of LSU)
the statistical treatment of the ADS catalogue data
(Aitken, R.C., 1932) has been carried out in (Anosova,
J.P., Nikifiriv, l.l., Bronnikova, NM., Kalikhevich, E F~
Yatsenko, Al., Evdokimov, A.E.,Orlov, V.V 'I J 986),
(Anosova, J J>" Orlov, V.V., Lukashova, lvi.V., 1986),
(Anosova, J.P. Bronnikova, NJ.1" Kalikhevich, F.F.,
Yatsenko, A.I., Orlov, V.V., 1987).

The ADS Catalogue contains the astrometncal 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 l "3 triple
stars of our program (Anosova, J,P.., Popovic, r;,p,
1989) have been caried out. The data were kindly placed
at our disposal by Prof. Ch. Worley. The purpose of this -
paper is to make more precise the relative positions:
angular separations I? and position angles e, the relative
proper motions p, e between the components at some
given epoch and to estimate the uncertainties ap, aI), ap'ao, of these quantities. Some statistical investigations of
these results has also been carried out.
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SUMMARY: The relative positions 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 Ieast-ssquares 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 investigation 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,

1.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 (Ana-
sova, J.P., 1984, 1985, 1986a, 1986b), (Anosova, J.P"
Orlov, 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), (Domrnanget, J.,
1987), (Hall, T.N., 1982) will probably lead to a
considerable progress of such investiga tions.

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 majority of these observations has been
brought together by Professor Ch. Worley in the
catalogue that is available in a machine-readable 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 collected
in WDS are strongly heterogeneous, because the obser-
vations had been carried out with different instruments
and different precision. For correct taking into account
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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,
8). The position angles given in the Catalogue at the
epoches T of observations have been reduced to the
choosen epoch To = 1950.0 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. 8).

The functions peT) and 8(T) were approximated by
the segments of their Taylor series keeping only the
linear and quadratic terms. The quadratic approximation
is as follows:

In the linear case we suppose peT 0) = O(T 0) = O.

The values p(To) ,8(T 0), peT0). O(T o),P' (To),ii(T 0)
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 polynomials of higher degrees, we understima-
te the errors 0P' O(j and others. On the other hand, in
the case of a small are, 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 resul ts 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:

peT) = peT 0) + peT 0) (T - To)

8(T) = 8(To) + O'(To) (T - To)

16

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

(2)

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, H.M."Bos van den, WJ-I.,Greeby,M.F., 1963),
(if this star is absent in the ADS Catalogue)-symbol I is
before the number. The symbols a, b, c, 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, 1.P., .Popovic, G.M., 1989) on the basis of
statistical criterion (Anosova, 1.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 8 was used. The symbol + means
that the quadratic approximation was applied for 8
only. The following four columns contain the values p ±
op,8 ± 08, P ± op, 8 ± 08 at the epoch T = 1950.0. In
the last column there are the maximum difference ti.T
between the epoches of observations and the number n of
observations. For the star included in ADS, the observa-
tions which had been carried ou t after the appearance of
ADS, from WDS was used. For the triple stars ADS 3093
(0 Eri) and ADS 6175 (0: Gem) in connection with a
large number of observations in WDS and with marked
curvilinear orbit of close pair, the observations during Te
(I 920, 1970] and Te [1940, 1960] periods respectively
spondingly have only been used.

Table I 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 ti.T 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 sy;tems 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, 14601,0: Cen. The availability of
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able1

NO p ± ap (J ±o(J p ±o' o ±OO ~T
lDS xl0-~ Xl0-_3 n

'Il AB" 24.516 ±0.003 329.00 ± 0.06 69.3 ±0.1 180.2 i 2.1 142
~lS 27

2a AB 5.177 ± 0.222 313.99 ± 1.03 7.2 ± 6.0 13 ± 28 58
893 7

AC 9.156 ± 0.264 57.48 ±O.IiS 9.3 ± 7.0 36 ± 17 S8
7

3a AB 40.817 ± 0.080 313.36 i 0.43. - J 6.9 ± 2.6 13.7±13.8 73
1193 6

4a AB 40.803 ± 0.152 318,88 ±(),20 90.2 ± 2.5 -9.0 ± 3.3 85
1228 12

5b AB 34.698 ± 0.091 35.62 ± 0.25 ,2.2±1.8 22.1 ± 5.0 104
1459 9

8a AI> 14.688 1:0.167 237.88 ± 0.29 1.5 ± 3.4 -3.2 ± 5.8 85
1727 5

9a AB" 0.350 ± 0.014 220.12 ± 1.57 -12.2 ± 0.7 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

lOb AB 26.217 ± 0.065 56.32 ±0.24 -2.1 ± 1.4 16.0 ± 5.0 142
2681 15

AC, 36.218 ± 0.125 300.12 ± 0.17 -25.2 ± 2.4 -10.5 ± 3.3 142
9

lIb AB 31.858 ± 0.100 84.13 ± 0.10 30.1 ± 2.0 --29.3 ± 2.0 124
2717 10

12b AB 7.273 iO.501 127.40 :1: 0.04 -·11 ± 1~ -4.5 ± 0.8 141
2926 27

AC 58.207 ± 0.137 241.20 ,t 0.18 0.0 ± 2.7 9.9 ± 3.5 142
8

13a All 0.944 ±0.30 59.88 ± 0.50 14.1±2.1 -1908 ± 32 128
2995 90

ISb AB 15.637 ± 0.551 296.38 ± 0.55 -34 ± 19 . --375 ± 19 34
3040 4

BC 11.332 ± 0.371 301.66 ± 1.49 t2 ± 13 -15±51 33
4

163 AR+ 83.106 ± 0.003 104.01 ±0.01 13.7±0.4 -17.1 ± 0.4 50
3093 28

OC" 6.611 ± 0.007 325.09 ± 2.26 87.3 tOA 4901 ± 107 50
80

18l' AB 39.230 ± 0.006 305.30 ± 0,02 3.1 ± 0.1 10,7 ± 0.4 151
3579 22

AC 54.421 ± 0.058 88.71 ± 0,04 -5,6 ± 1.7 11.8 ± 0.9 93
15

17
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(Table 1 (continued)

NO p top 6 ±OB p±o' o ± 00 ~T
ADS xlo-f xlO-3 II

19b AB 3.254 ± 0.018 97.31 ± 0.09 4.7 ± 0.7 -107 ± 3.7 146
3954 29

AC 61.924 ±0.393 104.62 ± 0.14 28.1 ±5.0 -6.9 ± 1.7 140
6

20b AB 7.76010.012 73.9010.07 -0.44.± 0.22 6.0 ± 1.1 152
4119 24

21e AB" 52.435 10.030 92.7510.04 3.7±1.0 1.8± 1.2 148
4188 16

AC 128.72610.431 97.63 ± 0.14 -1,0±7.4 5.9 ± 2.4 91
4

22a AB 10.812 ± 0.064 158.69 ± 0.72 4.3 ± 1.0 57 ± 11 144
4189 3

BC 2.118±0.071 173.56 ± 0.99 l.0 ± 1.2 34 ± 16 106
6

23b AB" 7.262 ±0.353 89.32 ± 0.56 -17±14 -38 ± 22 134
4329 4

A(" 35.757 ± 0.177 149.04 ± 0.29 -3.0 ± 2.0 21.4 ± 3.2 134
3

243 AB 4.760 ± 0.034 220.56 ± 0.09 20.5 ± 0.9 -98.7 ± 3.1 146
1915 30

25c AB 9.709±0.130 252.71 ± 0.50 4.7 ± 2.2 14 ± 13 136
5177 10

AC 56.378 ±0.285 337.69.± 0.45 3.6 ± 7.9 22 ± 13 86
4

29b AB 6.670 ±0.138 55.99 ± 0.69 -0.1 ± 1.7 32.4 ± 8.4 101
5300 5

31a AB 20.706 ±0.091 123.09 ± 0.15 6.9 ± 1.9 30.2 ± 3.0 151
11251 14

32b AB 3.373±0.122 207.67 ± 0.98 5.0 ± 2.3 8 ± 18 125
5948 6

AC 127.676 ±0.142 311.47 ± 0.31 4.9 ± 3.3 16.6 ± 7.2 74
3

33b AB 60.577 ±0.310 97.75±0.24 -3.8 :\;5.0 7.7 ± 3.8 92
6073 5

BC 20.649 ± 0.20S 324.11 ± 0.45 8.0 ± 3.2 50.9 ± 7.0 85
4

34a AB· 2.947 ±0.002 189.46 ± 0.07 - 77.24 ± 0.25 -1626 ± 6 20
6175 189

AC 72.489 ± 0.008 163.78 ± 0.02 -21.0 ± 1.4 -11.5 ± 3.5 20
18

18
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Table 1 (continued)

NO P±Op o ±oe p±o' i; ± 00 AT
ADS xl 03 xlO- 1 n

358 AB 5.38a ± 0.038 339.02 ±0.32 1.2 ± 0.9 3.0 ± 5.2 138
6336 20

AC 11.462 ± 0.058 176.78± 0.29 2.9 ± 0.9 26.6 ± 4.7 138
17

36b AB 58.004 ± 0.903 5.14±0.09 11.9 ± 20.4 5.7 ± 2.1 60
11442 6

38a BC 5.908 ±0.104 208.10 ± 3.10 26.5 ± 2.4 -67 ± 73 62
6700 3

39b AB 1.888 ± 0.072 169.69 ± 1.17 1.3 ± 2.3 4.9 ± 37.5 47
6717 6

AC 18.751 ±0.880 7.92 ± 1041. 34 ± 24 31 ± 39 47
5

40a AB 5.771 ± 0.003 46.74±0.0:;. -0.58 ±0.06 85.2 ± 6.2 143
6811 80

BC 0.167 ± 0.002 199.37 ±23.5 -0.27 ± 0.07 1.8 ± 1.3 76
28

41b AB 1.464 ± 0.005 318.66 ± 0.07. -OA8± 0.20 -121.0±2.5 148
6811 100

A-BC 55.062 ± 0.504 198.98 ± 0.15, -39 ± 36 57 ± 11 32
3

42a AB 5.564 ± 0,Ol~ 12.09 ± 0.20 -62.5 1;0.8 367 ± 14 130
7114 37

BC 0.504 ± 0.040 208.70 ± 3.03 -5.0 ± 2.3 283 ± 167 67
52

44a AB 230.499 ± 0.857 210.96.± 0.09, 35 ± 19 6.8 ± 2.0 140
7311 6

BC 9.429 ± 0.022 196.65 ± 0.4 3 -4.2 ± 7.2 15 ± 15 77
9

45b AB 75.966 ± 0.111 161.28 ± 0.Q7 -86.1 ± 2.3 -2.6 ± 1.5 48
11681 17

AC 83.860 ± 0.46a 78.02 ± 0.43 . 14.5±11.1 -34.5±11.6 17
6

46b AB 63.042 ± 0.425 128.39 ± 0.70 7.0 ± 7.6 -14.3 ± 12.4 38
11687 6

47b AB 10.438 ± 0.020 247.92±0.10 -0.09 ± 0,44 . 23.4 ± 2.1 136
.7425 19

AC 130.619 ± 0.689 215.10 ± 0.28 -1 ± 14 29.0 ± 5.8 62
5

BC 121.824 ± 0.30~ 212.19,± 0.19 1.31;5.6 25.0 ± 3.6 135
7

48a AB 24.842 ± 0.044 148.76 ± 0.11 1.5 ± 0.9 15.9 ± 2.2 137
7438 13
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Table 1 (continued)

,------_.,
NO p top o too ido' 8 too ~T

ADS xl0-f x1O_3 n

78b AB 36.195 ± 0.028 323.74 ± 0,034 34,7±0.1 -41.1 ± 0.8 137
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, 1.1±1.5 -24 ±28 70
10192 S

AC 43.987 ± 0.025 204.64 ± om 0.20.± 0.72 -4.6 ± 0.1 56
3

81a AB 4.925 ± 0.003 316.80 ± 0.03, 0.22 ±0.05 -0.3 ± 1.2 144
10216 18

AC 28.911 ±0.286 253.69,± 1.27 52.0 ± 6.2 174 ±28 85
5

82e 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 -16.9 ± 0.8 148
9

83b AB 14.903 ±0.021 234.72 ±0.17 145 ± 1 -- ISO ± 6 153
10332 35

AC* 146.018 ± 0.479 174.12 ± om -16.2 ± 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 1.44 ± 1.7 , -20.8 ± 4.4 127
10715 10

86b AB 55.533 ± 0.216 354.27 ± 0.18 6.3 ±S.3 -25.6 ± 4.4 42
12612 5

87a AB 10.576 ± 0.115 116.48 ±0.72 7.6 ± 2.3 ±14 103
10781 6

89b AB" 2.739 ±0.123 203.24 ± 1.30 -3.0 ± 4.3 48 ±46 70
11328 7

AC 92.229 ± 12.6 126.41± 7.43 i 168 ± 316 il77±186 3
3

90b AB 18.850 ± 0.172 272.81 ±0.57 5.9 ± 3.4 -38.9 ± 31.5 45
12854 3

AC 74.173 ± 0.530 163.16 ± 0.37 -16.2±10.6 -19.4 ± 7.4 45
3

9la AB" 22.182 ± 0.005 103.74 ± 0.01, 3.4 ± 0.2 -3.9 ± 0.6 165
11853 54

93a AB 9.527 ±0.043 153.31 ±0.04 -4.2 ±0.8 -16.1 ± 1.6 131
12029 20

94b AB 26.008 ± 0.493 140.93 ± 0.50 34.5 ± 8.5 -12.2 ± 8.5 122
13050 7
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Table1 (continued)

NO P±Op o ± «e p ± a' Ii ± 00 AT
ADS xlo-f xl0_3 l\

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 -9.5 ± 11.2 42
13244 4

96b AB 5.542 ± 0.012 82.35 ± 0.05 0.75 ±0.40 -2.3 ± 7.4 64
13464 11

AC 35.793 ± 0.008 61.29 ± 0.02 -47.4±0.3 13.7 ± 0.6 64
12

BC 30.652 ± 0.008 57.56 ± 0.03 -45.2 ±0.3 9.4 ± 0.9 56
11

97b AB 7.362 ± 0.028 121.63 ± 0.06 -1.6 ± 0.8 - 37.4 ± 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 -61.4 ± 44.3 -15 ± 9.4 58
5

100a AB 8.519 ±0.054 86.58 ± 0.17 2 ± 10 -6.1 ± 3.5 124
14184 16

AC 167.324 ± 0.152 329.15 ± 10.5 5.5 ± 3.2 -372 ± 220 23
4

102a BC 23.646 ± 0.041 225.63 ± 0.22 12.2 ± 2.4 , -858±13 70
13464 15

103b AB 102.169 ±0.245 13.84 ± 0.04 32.3 ± 8.4 17.1 ± ,1.3 21
14345 3

BC 2.273 ± 0.020 69.03 ±4.53 -6.8 ± 0.6 -246 ± 133 10
3

104b AB 80.112 ± 0.431 237.96±0.77 23.7±9.2 -21.4 ± 16.5 24
14601 3

BC 6.462 ± 0.228 96.70 ±0.41 22.4 ± 5.1 8.7 ± 9.1 89
7

106b AB 84.054 ± 0.308 52.00 ± 0.29 -9.4 ± 3.7 , 4.3 ± 3.5 100
14786 5

BC 6.058 ± 0.428 338.87 ± 0.76 3.1 ±5.3 -16.8 ± 9.5 103
5

I09b AB-C 33.372 ± 0.341 296.93 ± 0.55 1 ± 11 2 ± 18 53
15978 3

1I0a AB 3.613 ± 0.020 201.95 ± 0.25 1.4 ±0.8 -4.3 ± 6.5 122
16252 11

AC 20.674 ± 0.032 219.16 ± 0.12 0.60.± 0.80 -6.0 ± 3.0 122
11
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Table 1 (continued)

NO p±ap o ± «o p ± a' e ± aO
ADS xlo-f X10_3
----_.
lI1c AB 4.392 ± 0.08~ 175.22 ± 0.59 -0.25 ± 2.5 31 ± 18

16304

AC 26.114 ± 0.128 225.34 ± 0.25 22.1 ± 3.9 -4.8 ± 7.6

1I3b AB 8.916±0.028 312.74 ±0.19 -3.1 ± 0.5 -7.8 ± 3.3
17131

AC 42.104 ±0.094 250.93 ± 0.20 -114±3 193 ± 6

Table 2 Table 3

NO ADS p 0 p iJ t:.T t:.T /JAB /JAC---_ ..

3 1193 BC 1.636 293.99 1.8 271.1 22 0- 10 0.0 0.016
5 1459 AC 114.790 254.92 0.0 15.7 28 10- 20 0.038 0.097

13 2995 AC 230.148 212.46 -88.7 79.6 18 20- 50 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 22.6 29 100-150 0.487 0.194
24 1915 AC 196.740 320.60 239.5 4.2 96 > 150 0.154 0.065
26 11042 AB 27.369 278.05 30.5 21.3 14

AC 42.604 106.47 -17.7 28.3 14 N = 78 N = 62
28 11069 AB 63.093 145.35 -226.0 -183.7 16

AC 152.837 167.33 -317.8 -36.7 16
29 5300 AC 191.924 182.20 -67.6 25.8 29
31 11251 AC 153.423 300.65 -635.2 -675.9 77 Table 4
38 6700 AB 20.315 246.75 11.8 402.5 49 ----.
50 11885 AC 175.934 305.76 -265.8 48.4 9 n /JAB "AC
68 9327 AC 82.162 118.35 90.0 . 31.5 11
81 10216 BC 26.243 268.96 -45.0 310.0 10 0- 5 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 141.712 147.90 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 -31.0 -13.2 25 50- 75 0,0 0,014
97 13524 AC 167.871 337.26 -40,5 -4,2 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 9.4 -176.0 10
108 15868 AB 5.102 7.16 3.8 34.0 42
112 16955 AB 8.822 294.78 -139.0 -431.0 50

AC 32.530 42.43 -8.8 -3.1 50 Table 5

the orbit presupposes a large number of observations and
p "AB "AC r = 100 pc r = 50 pc

a Significant curvature of the observed arc. It makes our 0- 10 0,602 0.044 1.1 10-2 2.310-4

method ineffective, The ADS 10058 was removed from 10- 20 0.i15 0.071 4.4 10-2 1.1 10-3

the treatment, because it is a confident optical system 20- 30 0.a88 0.062 0.10 2.5 10-3
30- 50 0.088 0.142 0.29 6,9 10-3(class d). 50- 75 0,053 0.168 0.62 1.610-2

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, e, p, {)} 1950, 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
(AB and AC) on the maximum difference between the

200-250 0,0 0,053 6.94 0.17
250-300 0.0 0.0 10.00 0.25observation epoches .:1T 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 = 113in the triple stars under study.
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n AT

AB

Be

AC

AB

AC

Be'

Afl

Be

AB

AC

7.175 ±0.127
7.273 ±0.501
7.367 ±0.036

58.313±0.114
58.207 ± 0.137
58.198 ±0.128

60.577 ± 0.310
60.577 ± 0.310
60.598 ± 0.247

20.650 ± 0.205
20.650 ± 0.205
20.654 ± 0.171

24.747 ± 0.084
24.842 ± 0.044
24.345 ± 0.038

117.311 ±0.447
117.~35 ±0.135
117.235 ± 0.123

56.189 ±0.054
56.176±0.043
56.198 ±0.129

59.927 ± 0.275
59.791 ±0.187
59.938 ± 0.2S6

4.291±0.~85
4.115 ± 0.119
4.177 ±0.126

84.195±0.476
84.054 ± 0.30B
83.843 ± 0_206

6.742 ± 0.9'12
6.058 i 0.428
6.182 ±0.206

3.777±0.114
3.613 ± 0.020
3.616:t 0.01l)

20.641±O.l14
20.674 ± 0.032
20.683 ± 0.033

e ±ae

126.82 ± 0.45
127.40 ± 0.04
127.26 ±0.09

241.42 ± 0.20
241.20 ± 0.18
241.33 ± 0.12

97.75 ± 0.24
97.75 ± 0.24
97.65 ± 0.15

324.11 ± 0.45
324.11 ± 0.45
324.14 ± 0.58

148.79 ± 0.28
148.76±0.11
148.81 ± 0.11

323.56 ± 0.06
323.48 ± 0.04
32 :1.54 ± 0.07

58.65 ± 1.62
59.19±1.35
60.61 ± 0.25

63.27 ± 1.87
61.33 ± 1.91
59.10 ± 0.38

207.25 ± 0.49
206.77 ± 0.27
206.66 ± 0.48

51.84 ± 0.44
52.00 ± 0.29
52.05±0.15

337.18 ± 1.14
338.87 ± 0.76
338.65 ± 1.10

203.12 ± 1.04
201.95 ± 0.25
202.03 ± 0.26

219.60 ± 0.46
219.16 ± 0.12
219.13±0.19

The distribu tions of the pairs AB and AC on the
angularseparation between the components are display-
ed in the first two columns of Table 5. The mathernati-
calexpectations of the number of occasional triple stars,
whose components are not situated at the distances
largerthan 100 pc and 50 pc respectively, in dependence
on angular separation between the most distant (in the
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Table 6

NO
ADS

12
2926

AB

AC

33
6073

48
7438

AB

76
9865

106
14786

110
16252

-2.4 ± 2.3
-II ± 11

1.0 ± 0.7

1.7 ± 1.9
0.0 ± 2.7

-0.2 ± 2.4

-3.8 ± 5.0
-3.8± 5.0
--3.0 ± 3.7

8.0 ± 3.2
8.0 ± 3.2
8.2 ± 2.5

-0.0 ± 1.3
1.5 ± 0.9
1.4± 0.7

-10.2 ± 6.6
--u1.3 ± 2.8
-10.5 ± 2.5

0.1 ± 0.9
-1.0 ± 8.0
--0.7 ± 2.1

0.4 ± 4.9
-1.9± 3.4

0.6 ± 4.6

2.8 ± 4.8
0.3 ± 2.3
2.4 ± 2.1

-8.0 ± 5.3
-9.4 ± 3.7

-10.0± 2.4

9.7 ± 10.4
3.1 ± 5.3
6.6 ± 3.7

3.8 ± 2.1
1.4 ± 0.8
1.5 ± 0.4

-0.0 ± 2.0
0.6 ± 0.8
0.6 ± 0.7

-7.4± 8.2
-4.5 ± 0.8
-3.8 ± 1.5

12.6 ± 3.2
9.9 ± 3.5

11.9 ± 1.9

7.7.± 3.8
7.7 ± 3.8
6.0 ± 2.2

50.9 ± 7.0
50.9 ± 7.0
53.0 ± 8.6

16.5 ± 4.3
15.9 ± 2.2
17.4 ± 2.0

-10.3 ± 1.0
-I1.4± 0.7
-11.7 ± 1.3

-1.0± 2.8
7.0 ± 24.0
8.2 ± 4.0

65.1±33.0
32.3 ± 35.0
16.9 ± 6.2

-19.5 ± 8.2
-26.7± 5.1
-24.5 ± 2.1

2.8 ± 4.9
4.3 ± 3.5
4.1 ± 1.6

--33.1±11.9
-16.8 ± 9.5
-18.0 ± 3.7

14.4± 18.8
-4.3 ± 6.5

-28.0 ± 6.5

1.5 j- 8.1
-6_0 ± 3.0

-12.7:t 3.9

6
27
55

4
8

19

5
13
20

4
10
12

4
5

II

4
\1)
15

4
5

10

3
5

12

4
11
16

4
11
13

94
141
141

93
142
142

5
5
8

92
92
92

4
·1
7

85
85
85

93
137
137

100
143
144

88
108
108

3
4
7

48
74
74

90
133
104

80
100
100

70
103
103

69
122
122

69
p~
122

plane of sky) components are contained in the nex t two
columns. One can see that among the systems under
consideration with large relative separations between the
components, the optical 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 simm a-
rized in Table 6. Three lines containing the resilts 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, e, p,
o 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 e 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 Up 00
x 10-- 3 X 10--3

ADS
ADS+WDS
WDS

0.302 ± 0.14 \
0.220 :t 0.088
0.099 ± 0.032

0.64 ± 0.15 4.0 ± 1.3 9.7 ± 2.1
0.31 ± 0.11 3.9 ± 1.6 5.2 ± 1.3
0.44±0.16 l.7±5.4 4.1±1.2

ADS
ADS+WDS
WDS

0.253 ± 0,075
0.161 ±0.050
0.144 ± 0.030

0.50±0.23 3.6±0.9 4.0±J.0
0.37 iO.20 3.8 ± 1.0 6.4 ± 3.5
0.15 ± 0.03 2.3 ± 0.4 2.5 ± 0.5

In Table 8 there are the averages X (with their rms
deviations ax and variations Dx) of the errors of angular
separation p , position angle (J and relative proper
motions (radial p and tangential p(J) 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 ax Ox X Ox Ox
a'/ 0.103 0.017 O.l 0.315 0.046 0.2
Ob 1.40 0.62 0.5 0.55 0.23 0.4
0ply. 0.0030 0.0005 0.2 0.0080 0.0014 0.2
apO"/y. 0.0027 0.0008 0.3 0.024 0.014 0.6
(Jp~p. 0.0167 0.0027 0.2 0.0048 0.0010 0.2
apl pl. 1.76 0.41 0.2 1.55 0.67 0.4
apollpol 1.14, 0.30 0.3 0.69 0.30 0.4

----._--
n 21.5 3.3 0.2 8.5 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
posi tion angle is by factor 3 worse (due to a small value
of PA B). 2) The relative proper motions p and p(J in
close pairs are determined with the same precision on
the average. Their average errors are abou t 0'.'003/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 (op "'" 0~008/year)
than the tangential one (ape "'" 0'.'024/year). The
average erors op and opo 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

Sample All pairs Physical pairs

Parameter All >a >2a hier. All >a >2a hier.
._----------

p tap 0.005 0.007 0.014 0.002 0.003 0.003 0.006 0.003
± 3 ± 5 ± 8 ± 5 ± 4 ± 7 ± 10 ± 12

Iplialpl 0.011 0.017 0.025 0.012 0.012 0.018 0.023 0.023
± 3 ± 4 ± 7 ± 4 ± 4 ± 6 ± 8 ± 9

Ip81 ± alpol 0.018 0.027 0.043 0.034 0.028 0.048 0.064 0.27
± 8 ± 14 ± 23 ± 22 t 18 ± 31 ± 42 ± 13

" ±a"A. 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 :t 2.80 ± 0.58 ±0.06

-;:± a,u 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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caseof P) than the motions themselves. Therefore on the
basisof the WDS data for a complete sample of triple
starsunder study one cannot make any reliable statisti-
calconclusion about their inner kinematics.

In connection with this conclusion obtained for the
completesample of the triple stars under consideration
(seeTable X). the study has also been performed for a
fewsubsamples of close AB and wide AC pairs inside the
triple stars: a) all pairs: b) the binaries, in which the

modulis of relative proper motions are greater than their
rms errors: Ipl > ap and Ipel > ape; c) the pairs, in
which Ipl > 2ap and Ipel > 2ap6.

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

fable 10. Internal kinematics of wide pairs AC
-----~-----. - -- -_._--_._-----_._-----------_._.-----_.-
Sa111ple All pairs Physical pairs

Parameter All >0 >20 hier. All >0 >20 hier.
--- ------- -----_. -_. -_ .. .. .. - "--'-- -- " . _._------_._--- • _____ ._. - • __ .•• __ .0 __ ._' - -- --.-------_. __ . ---_.-_._-- -.-. __ .._---

. + • -0.009 -0.013 -0.016 -0.009 -0.001 -0.002 --0.006 -0.009p - "o
:t 5 ± 7 ± 10 ± 7 ± 8 ± 9 ± 10 ± 10

-
:,;/ ± Dlpl 0.025 0.030 0.035 0.028 0.023 0.023 0.024 0.027

± 4 ± 5 ± 7 ± 5 ± 5 ± 6 ± 7 ± 7

ipti! ± G' " 0.068 0.089 Om) 0.087 0.099 0.l19 0.046 0.134., iPUI
± 25 ± 35 ± 1<) ± 42 ± 63 ± 76 ± 18 ± 97

~ :!: (1,\ 1.67 1.02 0.98 1.57 1.46 0.62 0.62 2.01
± 0.42 ± 0.2-+ ± 0.29 ±0.45 ±0.61 ± 0.14 ± 0.14 ± 0.91

'+ ' 0.50 0.51 0.50 0.53 0.50 0.45 0.46 0.56"- n•.•
± 0.3L ±0.26 ± 0.25 ± 0.34 ± 0.29 ± 024 ± 0.21 ± 0.34

--- -------_~_-----.- ---_._- --------------------_~_..- --------------_._---------_.
x 45 32 21 26 17 14 12 11

Table 11. Median, 3nJ quar tils as the kinematic parameters

close pairs AB wide pairs ACSample

All strong
hier.

mod.
hier.

mod,
hier,

Strong
hier.

All

1.'4 -0.002 -0.004 -0.002 -0.027 -0.035 -0.022
p 1, ~ 0.001 -0.000 0.001 -0.002 -0.001 -0.004

3'.) 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
1'1 I !I 0.003 0.004 0.003 0.021 0_026 0.010Pt

1/4 0.008 0.006 0.009 0.033 0.D35 0.026

1/4 0.001 O.OOL 0.001 0.009 0.009 0.007
Ipel 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
1/2 1.10 0.98 1.27 0.54 0.62 0.47
3/4 2.25 1.91 2.44 1.\7 1.47 0,65

1/4 0.41 0.51 0.38 0.22 0.16 0.24
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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BEHAVIOUR OF SECOND LEVELS IN THE FIELD OF I-IORIZONTAL
TEMPERATURE GRADIENTS

Sofija Sadzakov

Astronomical Observatory, Volgina 7, 11050 Beograd, Yugoslavia
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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.

Bull.Obs. Astron. Belgrade NO 140 (1989),31-36.

I.INTRODUCTION

Numerous accurate measurements in various parts of
science and technology require knowledge of inclina-
nons of measuring instruments and of their variations
in the course of measurements with an accuracy as high
as possible. At pre sen t such mcasu reme n ts are mostly
made with very sensible tube levels (angular value
corresponding to the distance between two neighbour
division lines abou t I"). During the six ties new appara tus
fulfilling the functions of levels, whose work is based on
the pendulum principle, were included in precise inclina-
tionmeasurements (electronic levels).

111e pendulum apparatus, though they have found :1

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, or 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 If!. In astromctry the
requirements are much more rigorous. In absolute
determinations of star coordinates it is necessary to
achievethe highest possible accuracy, hence the defining
of the plumb-line or knowledge of the inclination of
the rota tional axis of the instrumen t are of a paramoun t
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-Jevel
examination.

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

UOC 520.2.028-353.7
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measurements. in order to exclude their influence from
the results of measurements. Some properties of tube
levels such as the duration of damping of the bubble's
oscillations appear as limiting factors to the possibility
of measuring the inclination with this precise measuring
organ of the instrurncn t for objects which are d t rest or
(all be at rest during a necessary time interval. The
length of the bubble directly affects the basic constant
of the level and this is the 311g;11arV1!:'h' corresponding to
the distance between two neighbour division lines. The
latter one is also directly affected by temperature
variations. The present paper is aimed at analysing t11"
influence of temperature gradients on tube levels and at
attemping to establish the laws of their acting. Firs t
more serious analyses of such kind were done in the
fifties

2. LEVEL CHARACTERISTICS AND EXISTINC
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

T = .£-. p"
R

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 (17). It is defined as the ratio of the linear
displacement of the bubble to the corresponding change
in the inclina tion of the level's axis where JI 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 it is JI = r . di, it follows 17 = c . R, i.e.

c . p . I
77 = ----;-.--

r

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

In the specialist litcrautre 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 or its
oscillations). 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 01' the liquid, influence of the form and size of
the bubble. the action of the Forces aipcaring wi thin the
level and beyond it and arfccting the bubble's motion
etc. AS a final step in the literature are given conclusions
concerning the most favourable choice of all these
(actors aimed at achieving an optimal usability ofa level
(Dro dofsky, 195(,: Alpar 1%7; Sardy, 1967; Tovchi-
grechko. 19l)5 L

lhe solutions of the differentia! equations of the
bubble motion represented as oscillations have given
enough elements to level producers to produce qualita-
tive levels and they haw answc red the questions such as
the most favourable accuracy as function of the radius
of the skating surface. till' size (tube volume) with
respect to the size of the bubble provided that the
damping duration is JS short as possible. The dimensions
of the tube walls are calculated provided that the
deformations oi 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 quan ti ty 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-spracti-
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 curren ts 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. TIle 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
exarnina tions and analyses.

3. EXMlINATION OF THE THER,\11C 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 I irudofsky in the
case of an one=second level whose tube length is 150
mm a temperature difference at the tube terminals
greater than O.ooqoc causes a measurable effect in the
position of the bubble. Sardy has measured average
temperature differences of 0.250(' on ex ternal 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, whereas 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 practicaUy
different for differen t 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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[3turedifference arises. This difference is reflected
throughthe temperature errors of the level which
producea systematic influence on the geografic latitude
valuederived from the measurements. In the case of
moreaccurate measurements this influence is not negli-
'n1 and hence one should examine it in order to
estalishits amount.

The geographic latitude is determined by use of
Talcot'smethod by applying the formula

1
. P + '2 (ps - PN) (1)

In whichthe following designations are used S - sou th,
N - north, W - west, E - east, c - position of the
middle of the bubble, p" -level constant, declination of
a starON' 65, mE' mw - reading of the eye-piece
mcrometer.R - value of its revolu tion.

Betweenthe transits of the first and second stars in
astarpairthere is a time interval of 4-10 minu tes.

Fromthe readings of positions of the level's bubble
oneobtains the true values only then, if there are no
I)'stematicerrors. Of systematic errors we shall study the
temperatureones which affect the regular work of the
eve!.The other ones will be neglected; they will not be
takeninto account. .

TIletemperature dependent level errors are divided
intotwo groups: thermomechanical and thermohydro-
staticones. Thermomechanical errors are those errors
causedby changes in the dimensiosn of bodies due to
the temperature influences. Thermohydrostatic errors
aredifinedas influences 011 the equilibrium position of

e bubble due to the temperature changes within the
evel1iquid.

In order to estimate the order of magnitude of the
lotalinfluence of errors I made a number measurements
f the geographic latitude with a universal instrument
LDT-4 which was situated in the field of an articifial

eatsource.
Before analysing the obtained results we establish

e influence of the temperature diffemce at the
rminalsof Talcot's levels on the derived value of the
ographiclatitude. One should mention that in all series
f measurements .the alhidade axis of the universal
strument was set to a vertical position -and that
tween the observations of two stars within a star pair
ere were no influences of measurements except the
angein the inclination of the instrument due to the
erma!influence. .

A few series of the geographic latitude derermina-.
on were done by myself without using an artificial
urceof 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 ionce more in
order to remove any hidden error of them. After
measuring four series consisting of 10 stars pairs each, I
obtained for the geographic latitude of Belgrade (taking
into account the motion of the Pole) the following value

'I' = 44048'13:'125 ± 0'.'013

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

'I' = 44048' 13'.'170 ± 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 tn atn ts, respectively and the
middle of the bubble as c '. Let us see what will happen if
tn > t~. The difference 1n- ts corresponding to the clump
west will be denoted as tw . 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. Th~
bubble will be shifted. as a consequence, to the north
from the point c'.

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'\\, to the position cw•

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

06. = J( ·Llt (2)

and we obtain

Cw = c'w + j( . Llt (3)

After observing the first star in a pair) the alhidade is
rotated to the eastern position. If the condition in = 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 = c'w

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

and since between two transits of a star the time intervla
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'e to Ce

ce=c'e-J{·t.t

We start with the expression

1 . ) ••t.'P= "2 (cw - Ce . P

and we substitute the values Ce and Cw to obtain

t.'P = l (c'w + J{ . t.tw - c'e + J{ . t.te) . p"
2

and taking into account the equality c'e = c'w we obtain

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

t.'P = J{' t.tw~ t.fe. Pe + P~ (9)
2 2

where Pe is the constant of the level with smaller scale
numeration and Pw is the constant of that with larger
scale numeration. The temperature coefficient denoted

as e = Pe + Pw after substituting into (9) yields
2

As seen from (10) the temperature errors of the
level act as systematic errors and their influence preser-

.ves its sign as long as the sing of the temperature
difference is unchanged

(II)

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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(4)

influence in the calculation of the geographic latitude in
the following way

'P=('P) -1i(t.tw +~te)· E (12)

(5)

The temperature coefficient is derived from (12)
and the values of 'P 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 serious difficul ty 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 lfhe
complexity of measuring minor temperature differences
and of the choice of points at which the temperature
difference was measured, the irnpossibili ty 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

(6)

(7)

(13)

(8)

where T is the time interval during which the level is
exposed to a thermal source; E is the proportionality
coefficient; t.'P is the systematic deviation in the
geographic latitude due to the thermal source influence.

\\'hen 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 ~'P 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 ths 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 c). 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 (southern
and northern) 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).

(10)

__________ ~ J
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Table I.

<Pa <Pb <Pc

10~'964 9:'459 12:'468
II ~'120 10:'900 11:' 187
9:'759 9:'346 10:'172

10:'419 9~873 10:'966
11~474 1O~'368 It'580
7:'850 7~790 7'.'910
9:'639 9:'446 9:'872

II~' 200 10:'401 11:'998
10:'680 9~'877 1l~'384
10;'884 10:'843 10:'923
IC'962 10:'897 11~'026
10:'004 9:'998 10:'012
12:'161 12'.'152 12:' 169
11:'941 11';918 11:'985
11:'482 11:'467 11~'498

mean
value, 10:'569 10:'182 10:'943

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

If the basic assumption concerning the proportiona-
lityof E with time were absolutely correct, then all the
systemswould 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
alsocarried out under various thermal conditions which
willbe 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

Table 2.

A.p = E(AT + ')') (14)

and the correction equations then become:

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

E
[ ~<P]
n')' + [T]

_.L~lAT ~T] -- r~<p ~T] [STL
')' - n [~T ~<p] - [~T] r~<Pl

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 equations.

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 instrumen t
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 lahoratory measure-
mens. By comparing the solutions of (13) and (14) one
reaches the conciusion that the mean value determined
from (14) is closer to the real one than that obtained
from (l3). 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

.pc

0.105 0.111 ±O.016±0.011

Table 3.

0.100 Il'874± 0.009

"a 1'b 'Yc <c

6.905 12.351± 0.0840.085

Table 4.

0,078 ± 0.068 ±0.0752.883 0.091

12!'984 ± 0~141 t 0'!128

S '
c

13:'009 ±0~116 12:'916 ±0:'209 13:'002 ±0~123 12:'739 ±0~'386 12'.'997
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value for the geographic latitude of'" = 44048' 13'!125
(the position of the instrument with which the observa-
tions were performed.

CGNCLUSION

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

"'i = "'0 + !l", = "'0 + E . !l T
"'i = "'0 + !l",' = "'0 + (E + !lE) ·!IT

where "'0 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
into account the direction intensity and the difference
between the air temperature and the temperature of the
instrument.

Any protection of levels by using various the rm 0-

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 level 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 systema-
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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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 €b = ± 0':22.

I.INTRODUCf!ON

Duringthe period 1976-1980 together with the
compilationof the Absolute Declination Catalogue of
308Bright orthern Stars (declination zone +650 -
+900) on the Large Vertical Circle (LVC) of Belgrade
AstronomicalObservatory, the flu xure determination
withcollimators(d = 80 mm, f = 1000 mm) situated
horizontallyeast and west of the instrument was carried
out.The preliminary resul ts of these determinations
(mcludingmeasurements carried out by October 1979)
werepublishedby Mijatov and Bozhichkovich (1982).

In the present paper the results of the deterination
-iacludingthe whole period are given and an analysis of
theflexuredependence on observers, weather conditions
underwhich the measurements were made, quality of
the measurements, variations during an observa tion
night,aswellas on seasonal variations.is carried out.

Table I

OBSERVERS
TotalYear

2. OBSERVATIONAL DATA

In the period from March 1976 till the end of 1980
a total of 263 flexure determinations were realised.
They were done almost every observation night when
observations for the Catalogue were performed, and
during a few nights only the flexure was measured.
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

10 9 5 2 29
84
56
68
26

263

1976
1977
1978
1979
1980
1976-1980

84
25
38
16

163

31
28
10
69 10

OBSERVERS: MM - M.MI1ATOV, OB - OJ. BOZICKOVlC
BK - B.KUBICELA, MO - M.OACIC, OT - OJ. TELEKI

3

2

9 7 3 2
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determinations bEW and ~VE during a single series of
measurements.

In Table 3 the mean systematic differences
..:lb= bEW - bwE and €b are presented. The latter one is
calculated according to the relation

M. MIJATOV and V. TRAJKOVSKA

circle and the levels. The duration of a series was about
20 minutes when two observers were working and about
30 minu tes 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 bj measured during the
observation period are presented.

Table 2

Year
MONTHS

Total---- ------ --- ------------
l-lU IV-VI VII-IX X-XU-- -.~~_---------- -_~_--.- ... -.-

1976 16 13
1977 22 34 26 2
1978 3 6 36 11
1979 13 24 18 13
1980 4 7 15
1976-1980 42 87 93 41_.__ ._-_._'. -----"."-,- ---- ..-.

29
84
56
68
26

263

b

:.'

.?~
: y'

. ..•.
".:,1•

.'.~'f',,.0- ,_
'" ..

•:?~·o .'.', .~i·1.
:.~.

'.', ",' "":

1901

-2.0

Fig. l.

The values b are within the Iimits-l'3 and +1~1,
bu t they are mostly posi tive. 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
€b is obtained from the difference of two successive

38

n
• i~) .abs(A bi)

€b = ± 0.625 •n
(I)

where ..:lb'j ,- are the values (bE W - bwE)i released from
the mean systematic difference ..:lbfrom Table 3 and n -
is the number of differences.

Table 3

----_.-----_ .. ---- -----------
Year ~b eb n
------------

1<;176 +0:'06 ± O~IS ± 0:'37 29
1977 + 0.14 ± 0.06 ±0.24 84
1978 + 0.09 ± 0.05 ± 0.20 56
1979 +O.12±0.04 ±0.17 68
1980 + 0.09 ±0.06 ±0.14 26
1976-1980 + 0.11 ± 0.03 ± 0.22 263

----------------_._. __._------------

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 €b = ± 0:'22 and if the year 1976 is
excluded the accuracy is cb = ± 0~119.The existence of
the systematic difference ..:lb 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 hayed used
the linear relation

(2)



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

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

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

FLEXURE OF THE BELGRADE LARGE VERTICAL CIRCLE IN THE PERIOD 1976-1980

whereis To =(~Ti)/n. The values of the unknown values
boand (l' are derived by using the least-square method
whereTo = + 12.9OC. From 263 conditional equations of
the form (2) we obtain the following values of the
unknownquantities: bo = +0.69 ± 0.03 and a = +0.04 ±
O.o!, The obtained correlation coefficient r = 0.42
indicatesthat the presentation of the obtained data by a
linearrelation is quite satisfactory. Such a temperature
influence on the tluxure (0~04 /1 OC) has been also
obtained for other meridian instruments of similar
characteristics.This fact is an indication of its reality

b

'" ... +2".5" c. i'·10

Fig. 2.

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

The residuals Vi = bi .- bo - a(T; .- To), as well as
the values Abj =(bEW - bWE)i and b are subjected to
variousexaminations: the determination of differences
amongthe observers, the determinations of variations
due to different atmospheric conditions and different
measurement gradings, as well as the determination of
variations occuring during an observation night. I t is
possibleto carry out these examinations since we have
established tha t the differen t systematic differences
derivedfrom the existing observational material do not
practicallyaffect the determination of other ones.

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

Table 1

OBSERVERS v 6b---_.__ ._-_.-
-0':27 ;!: 0'.'06 + 0:'08 ± 0~'04 ± 0';18 79
-0.01 .±0.04 + 0.14 ± 0.04 ± 0.18 69

MM,DB
DB--------_.-

Table 5
---- ------------- '----'---'- -_._--.__ .
CONDITlONS v 6b fb TI

CLEAR, CALM + 0:'02 ± 0':04 + 0;'12 ± 0'.'04 ± 0':22 J 35
CLEAR, WIND + 0.02 ± 0,07 +0.14±0.07 ± 0.23 59
PARTIALL Y
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, Eb 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 instrumen t and
collimators in the course of every series.

Table 6

MEASURING
GRADING v n

n + 0~14 ± 0'.'06 + 0:'32 ± O'!09 ± 0~36 66
+ 0.05 ± 0.05 + 0.09 ± 0.04 ± 0.19 97
- 0.12 ± 0.06 - 0.02 ± 0.04 ± 0.15 62
-0.18±0.08 +0.04±0.03 ±O.IO 38

BAD
SA TISF ACTORY
GOOD
VERY GOOD_.._._---------_ .._----
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The flexure variation for different gradings from bad
to very good ones has a con tinuous trend of decreasing
the values jj and the total variation is greater than 0'.'3•.
On the reality of the obtained systematic 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 values in.Jhe future. If
the determinations are bad, the values ~b and Eb 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 thi s effec t more thoroughly we order
the values Vi also according to the time interval tm
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 Vi from tm is presented.

-~.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 Vi from 1m
from a quadratic equation
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(3)

By applying the least-square method one obtains
the values of the unknown coefficients from 263
conditional equations: 30 = - 0.26 ± 0.09, a1 = +0.22 ±
0.05 and a2 = - 0.03 ± 0.01. On the basis of the value of
the correlation coefficient r ::: 0.33 one can say that the
presentation of the dependency by a quadratic relation
is quite satisfactory.

The curve representing the variation of Vi from tm is
presented in Fig. 4.

.1 :'0

4

Fig. 4 •.

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

111c values Eh, f.b and n corresponding to different
time intervals t are given in Table 7.

Table?

n

0-1
1-2
2-3
3-4
4-5
5·-6
6-7
7-8

+ 0:133 ± O~l1
+ U.1S·± 0.10
+ 0.16± 0.08
+ 0.02 ±O.O?
+0.01 ±O.08
+ 0.06 ± 0.07
+ 0.17 ;t 0.10
+0.11 ±O.06

26
35
32
48
43
31
23
25

± 0':32
± 0.22
±0.24
±O.22
±0.22
±O.19
±0.2?
± 0.17

'The maximal values of b correspond to. the first hour
of determinations and the minimal ones correspond to
the interval ;lh .:: 6h .One should point out that after 6h

the values of ~b are enlarged, i.e. the action of the



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. TIle dependence of r on tm
is presented in Fig. 5. TIle values of r are very
prominent for the first three hours of tm to become
only slightly changed afterwards.

FLEXURE OF THE BELGRA DE LARGE VERTICAL CIRCLE IN THE PERIOD 1976- 1980

factors strengthening the instability of the collimators
begins.TIle 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
avoidmeasuring at the beginning of an evening.

Since determinations evaluated with had gradings
possess significan t deviations from the mean value for
tilewhole system (v = 0) and the measurements were
performed with a low accuracy and with a significant
systematic difference ~b. a question of to what degree
their ehrnination from tile whole observational material
contributes to their impr overnen t arises.

The temeprature effect derived from ]97 conditio-
nal equations of form l2) after exclusion of measure-
ments with bad gradings for T =0 13.30e yields the
following values of the unknown quantities: 00 =+0.75
± 0.04 and Q '" +O.O_~ ~j:0.01. As seen the sample without
bad determinations has a temperature influence smaller
by abcu t 2~;.

Bearing this in mind we decided to carry out all the
examinations done wi th the residue also wi th a sample
without bad measure men ts, The resul ts obtained for the
change of the flexure 011 the basis of the whole
observational material are also confiremed on this
sample Only the values of ~b and cb. as could be
expected, are somewhat smaller for the sample than in
thecaseof the whole observational material.

Wesuppose that the obtained systematic differences
between the two groups of observers as well as, those
arising from the determination gradings, are consequ-
ences of the systematic measuring errors in the following
wav: in the first case above all because of the difficulties
in 'mutual setting of the collimators: in the second one
because of different actioons 0[- above all -- the
collimator shifting and instrurnen l11 errors. TIle varia-
tions during a nigh t, as will be seen, may be to some
degreeattribu ted to the tube refraction action.

In their paper H~g an d Miller (1986) demonstrated
that the flexure determinations for the 6--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
followingexpression.

~=CO+CI abs(Tj)_ t4)

where Co is the mechanical [lexure, c labs (T,) is the
influence looked for and T, is the change of the
temperature with time for a certain value of bj. Instead
of bi we use in (4) the values of .Ii obtained earlier, bu t

\ in that case for the mechanical flexure one obtains a
value less by the amount of the mean flexure bo from
(2).

t r"c Ih}

<1

I
I
I

- (I. ':lot

Fig. S.

By applying the least-square method we obtain the
values of the unknown quantities from 263 conditional
equations of the form (4): Co ::: +0.1 7 ± 0.1 1 and c , =--
0.48 :I: 0.29; this means that the mechanical flexure b =
0.86 ± O.l! and the. refraction influence is equal to
-··0.48 abs (T). Since Tis varied wi thin the limits _. 0.60
°C/h and -0.250C/I1, the maximum refraction inful-
cnce can attain about 0~3 and its variation about 0:'2.

TIle flexure variations during an observation nihgt in
the course of first five hours of 1m (rig. 3) agree
sufficiently 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 t, cannot be
explained by this influence only, since there are pro-
bably additional significant systematic influences in this
part of the observation nihgt -- first of aU- 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
IJ corrected for the difference between the two observer
teams. systematic differences due to the determination
gradings and to the variations during the observation
night.
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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.

M. MIJATOV and V. TRAJKOVSKA

')l

1.1) YEI'oP

Fig. 6.

As seen, the seasonal variations in the first half of a
year except January, when there were no measurements,
are about +O~'2 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 -O~5. 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 an evening. The
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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 ttiple systems 11 systems have at least one optical component.
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I.INTRODUCTION

Compiling a catalogue of triple star systems with
physicallyconnected components is the first task in
analysingdynamical states of these systems. TIle statisti-
calcriterion of component connexion (Anosova, 1987),
unavoidablein a compilation of such a catalogue,
requiresa complete, or almost complete, set of observa-
tionaldata on each component. Gathering such a set of
dataon multiple systems is not a simple task. Therefore,
use of an accessible procedure may be also justified in a
preliminaryanalysis of the component membership to a
triplesystem.

Theprocedure used in the present paper is based on
acompleteseries of relative measurements (8, p) for the
componentsof a pair examined and on the knowledge of
the proper motion determined from meridian observa-
tions.ln this way there is no waste of time in gathering
the data for systems being most likely of no interest and
the studyis devoted to real and interesting cases.

2. THE PROCEDURE OF PRELIMINARY DETERMI-
NATIONOF COMPONENT NONMEMBERSHIP TO A
STARSYSTEM

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

As a more rigorous nonmembership criterion for a
component in a system it is here proposed assuming a
"fixed" component and the transit of another compo-
nent(or a pair) in a uniform motion along a rectilinear
trajectorywith respect to the fixed component. In other
wordsit is expected the relative proper motion of a
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component and the proper motion obtained for this
component from meridian rneasurcmen ts 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 years
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 cri terria
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:

alJ. =~!:L= P(re.!L'"P(n..!...~r_L<,020
P(rel) P(rel)

Clef> = Ie!> (rel) - cp (mer) ,,;; 100. (1)

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

AOS IJ (rel.) IJ (mer.) Source t.1J t:.rp olJ d A

A: O~on A: 0:'034 -0~'002 7?1
·h

2681 IDS 5.9 5.1
AC in 137.3 in 130~2

(1950)

6364 A: 0.019 A: 0.040 . AOS (Yale) -0.021 22.7 110.5 2.9
AB in 194.0 in 171.3

(1950) A: 0.015 BOS 0.004 -52.4 26.7
in 246.4
A: 0.035 IDS -0.016 - 6.0 84.2
in 200.0

8100 A: 0.421 A: 0.406 AOS (Yale) 0.015 0.4 3.5 66.0
AB in 285.8 in 285.4

(1950) A: 0.442 BOS (Porter) -0.021 - 2.1 5.0
in 287.9
A: 0.425 BOS (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 AOS (Cin 0 18) -0.022 -11.0 6.8 50.6
AC in 106.9 in 117.9

(1950) A: 0.348 BOS (Porter) -0.025 -13.5 7.7
in 120.4
A: 0.327 BOS (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 AOS (Com) 0.039 - 3.2 17.6 27.7
AC in 117.2 in 120.4

(1950) AB: 0.197 IDS 0,025 - 3.9 II.3
in 121.1

9136 A: 0.169 AB: 0.195 BOS -0.026 7.4 15.4 13.3
AC in 2E2.5 in 255.1

(1950) AB:0.166 IDS 0.003 9.0 1.8
in 253.5

9969 A: 0.469 AB: 0.464 AOS (Cin 0 19) 0.005 0.9 1.1 62.8
AC in 157.8 in 156.9

(1900) A8: 0.448 BOS (Auwers) 0.021 - 1.6 4.5
in 159.4
AB: 0.459 BOS (Bossert) 0.010 - 1.8 2.1
in 159.6
AB: 0.433 BOS (porter) 0.036 2.7 7.7
in 160.5
AS: 0.475 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 243.4 in 231.4

(1950)

11632 A: 2.306 AB: 2.307 AOS (Cin 0 18) -~.OOl - 0.1 0.0 50.8
AC in 325.2 in 325.3

(1950) AB: 2.303 BOS (Stumpe) 0.003 - 0.2 0.1
in 325.4
AB: 2.286 BOS (Porter) 0.020 0.7 0.9
in 324.5
AB: 2.289 BOS (Kustner) 0.017 - 0.2 0.7
in 325.4
AB: 2.299 BOS (Krueger) 0.007 - 0.4 0.3
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Tlble 1 (continued)
._._-----------

IJ (rel) ~ (mer.) Source Ll.j.I Ll.rp (J~ d
-------_~_.---.-----.-.---.--.-.-_~

in 325.6
AB: 2.286 IDS 0.020 - 0.2 0.9
in 325.4

11811 A: 0.058 AB: 0.043 IDS ·0.015 14.9 25.9 6.2
AC in 341.2 in 326.3

(1950)

11902 A: 0.110 A: 0.120 AOS (Cin 0 19) -0.010 - 2.9 9.1 17.6
AB in 177.1 in 180.0

(1950) A: 0.115 BOS (Auwers) -0.005 -13.1 4.5
in 190.2
A: 0.111 BOS (Bossert) -0.001 -10.5 0.9
in 187.6
A: 0.117 BOS (paris) -0.007 - 2.9 6.4
in 180.0
A: 0.132 IDS -0.022 11.6 20.0
in 165.5

A: 0.138 A: 0.144 AOS (Cin 0 19) -0.006 21.2 4.3 21.7
in 212.0 in 190.8... (1950) A: 0.117 BOS (A.G. Nicol 0.021 32.0 15.2

in 180.0
A: 0.134 IDS 0.004 11.6 2.9
in 200.4
BC: 0.014 AOS (Comstock)
in 102.5
BC: 0.014 IDS
in 102.1

12913 A: 0.438 AB: 0.433 AOS (Burnham) 0.005 - 0.8 1.1 44.1
AC in 177.2 in 178.0

(L950) AB: 0.435 BOS (Auwers) 0.003 - 4.5 0.7
in 181.7
AB: 0.449 IDS -0.011 - 0.7 2.5
in 177.9

13886 A: 0.340 AB: 0.352 AOS (Cin 0 19) 0.012 - 4.5 3.5 29.0
AC in 101.0 in 105.5

(1950) AB: 0.384 BOS (A.G. Ber.) -0.044 - 8.3 12.9
in-l09.3
AB: 0.351 IDS -0.011 - 1.0 3.2
in 102.0

AB: 0.276 AS: 0.321 AOS (Cin 0 19) -0.045 - 2.7 16.3 25.5
in 169.9 in 172.6
(1950) AB: 0.287 BOS (Stumpe) -0.011 6.6 4.0

in 176.5
AB: 0.289 BOS (Auwers) ~0.0I3 - 6.6 4.7
in 176.5
AB: 0.379 BOS (paris) -0.103 3.7 37.3
in 166.2
AB: 0.320 IDS -0.044 0.0 15.9
in 169.9

. 15896 A: 0.316 A: 0.336 ADS (Boss) -0.020 - 2.8 6.3 49.2
AC in 90.4 in 93.2

(1950) A: 0.317 BOS (Auwers) -0.001 - 3.0 0.3
in 93.4
A: 0.318 IDS -0.002 0.2 0.6
in 90.2
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Foot-note:
• BOS: The measurements of AC by Land {3,1831-1905, give for the p.rn. of A, 0~'321 in 107'?4 .

•• The last measurement: 1926.65 .
••• BOS: The measurements give 0~'14 and a larger position angle (> 1800).

GP : There is a small systematic difference in Ae, which is impossible to avoid. tip satisfies the trajectory well .
•••• BOS: )lAB = 0~'303 in \7294 is derived from measures of the distant Herchel companion. The last measurement: 1925.72. The

ephcmcns for 1988.72: e = 68~1, p = 65:'5 (AB-C) .
••••• 8DS: IlA : (From measures of C) 0'.'324 in 90<:>9.

3. OBSERVATIONAL MATERIAL TREATMENT AND
RESULTS

The series of triple-star-system measurements (P~
povic , Zulevic , 1989) contains 16 systems for which
de terminations of rectilinear uniform motions are pos-
sible. The observa tions were performed during 1987
and 19S5 and for a number previously done measure-
men ts they are important references since for many
systems the obse rvations ceased after the trajectories had
been found as not elliptical. The measurements are
reduced to a common epoch and the preliminary
trajectory elements are corrected when necessary by
applying differential corrections (Schlesinger, Alter,
191 ~). 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:
80S, ADS and IDS. TIle 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.

TIle results of the analysis are presented in Table l.
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 - M(rel.);

Column 3: Proper motions obtained from meridian
measurements - their intensity and position angle -
J.I(mer.), Ij>(mer.);

Column 4: Source of data from column 3;
Column 5: Intensity differences t,.J.I= J.I(reL) - J.I(mer)
Column 6: Direction differences t.Ij>=Ij>)l(rel.) - ¢)l (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 II systems from Table I satisfy
criterion (I):
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ADS 2681 AC
8100 AB
8601 AC
9136 AC
9969 AC

11632AC

ADS 11902 AB
12913AC
13886 AC
14773 AB-·C
15896AC

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

ADS 6364 AB
8440 AC

10394 AB
11811AC
11971AB

the relative uniform motion of the examined pair
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 dearly 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 cri terion of Anosova (1988) to
these systems if such an application is possible in view of
the observational data.
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THE INTERNAL STRUcrURE OF THE URANIAN SATELLITES:
A PRELIMINARY NOTE
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SUMMARY: Preliminary results of a theoretical determination of the basic parameters of
the internal structure of the five. Uranian satellites are presented.

Four satellites of Urans were found by Sir William
Herschelin 1781; the fifth was discovered by Kuiper in
1949, However, reliable values of their masses and radii
weredetermined only recently, after the encounter of
Voyager2 with the Uranian system. By combining
resultsof the Radio Science Team with the star-satellite
ima~ngdata and with 8 years of ground-based observa-
tions,it became. possible to determine the radii and
densitiesof the satellites with relative errors, n some
cases,as low as 4% (Anderson et al., 1987). The best
pre-Voyagerresults (Dermott and Nicholson, 1986) had
relativeerrors going up to 45%. Such a situation has
untilrecentlyseverely hampered (Prentice, 1986; Ander-
sonet 31., 1987) any theoretical considerations of the
internalstructure and chemical composition of these
bodies.

The purpose of this note is to present some
preliminaryresults of a theoretical determination of the
basicparameters of the internal structure of the five
uranian satellites. The calculations were performed
withina particular semiclassical theory of dense matter
(Savicand Kasanin, 1962/65). Physically speaking, the
mainidea of this theory is that high pressure can cause
excitationand ionisation of atoms and molecules; this
processcan be exactly treated quantum-mechanically.
Variousexamples of astrophysical applications of this
theoryhavealready been published (such as Savic , 1981;
Savicand Teleki, 1986, Celebonovic, 1988b and referen-
cesgiventherein). A comparison of the predictions of
this theory with high pressure experiments in diamond-
anvilcells has recently given promissing results (Savio
andUrosevic, 1987; note that eq. (i) must be divided by
2).

The input data for the calculation (i.e., the masses
andradii of the satellites) were taken from (Anderson et
ai, 1987). Starting from these data, and using the
approachproposed by Savio and Kasanin, the following
parametersof the satellites were derived:

Table 1

satellite A(amu) V (cm ') p* (kbar) a(1O-·3au) p(q cm-3)

Titania 32 ± 2 19 ± 2 101 ± 3 2.9303 1.685 ± 0.008
Oberon 32 ± 1 20 ± 1 97 ±4 3.9178. 1.635 ± 0.06{}l
Umbriel 44 ±6 28 ± 8 60 ± 10 1.7860 1.58 ±0.23
Ariel 43 ± 6 28 ± 8 62 ± 10 i.2820 1.55 ± 0.22
Miranda 38 ± 10 30 ± 16 55 ± 15 0.872 1.25 ± 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 semi axis major of
the satellite's plane to centric 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-
vie, 1988b and references given therein), It turns out
that, by their values of A, the satellites of Uranus are
situated between t1te Earth and Mars. However, their

I 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 (H20, NH3•

CH4, ••• ) 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 modem 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
she ding mass at the equator in discrete amounts and at
discrete orbital radii. The temperature of the gas rings at
the moment of de tache merit from the parent cloud
varies with the she ding radius, and this could be the
physical basis forexplining the compositional gradient
of the Uranian satellite system,

In the cosrnogonical model proposed by Alfen and
Arrhenius ( Alfven, 1986; Alfven and Arrhenius, 1985
and numerous preceeding publications), the formation
of planets 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
ban d structure of the planetary and most satelli te
systems. If the primordial Uranian proto-satellite cloud
consisted of a mixture of ices and rocks, the critical
vclociry pheriomenom 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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OBSERVATIONS OF THE SUN AND PLANETS WITH THE
BELGRADE LARGE MERIDIAN CIRCLE

M. Dacic, S. SadZakov and Z. Cvetkovic
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SUMMARY: Results are presented of the Sun, Mercury, Venus and Mars observations
made with Large Meridian Circle of the Belgrade Observatory in the period Ma-ch
1987-Sept.1988.

Bull.Obs.Astron. Belgrade NO 140 (1989), 49-52.

It is fifteen years now since systematic observations
oftheSun,Mercury and Venus (and since January 1981,
tllOseof Mars) with the Large Meridian Circle of the
BelgradeObservatory are going on.

The Observations are relative ones, the reference
stars are taken from the FK4. The data treatment
involvedthe circle division corrections, flexure, collima-
tionand refraction calculated according to the Pulkovo
Tables.No account is taken of the "day-night" correc-
tionsand the personal errors. One edge of the planets
wasobservedif these were phased, otherwise both edges
havebeen observed.

Before 1985 for the purpose of solar observatons a
Sukharevfilter was used and afterwards another one
fromhigh-quality glass.

Both edges-the front and the rear one in the right
ascension- the lower and the upper one in the
declination- were observed. Mercury was mostly
observedby central bisection of its image. In those cases
whenthe seeing was satisfactory, the part of the planet
llIuminatedby the sunshine was observed. Venus was
observedin the same way as the Sun, or only one edge.
Inbothcases of Observing one edge only, the diameter
correctionwas applied.

Theephemeris of the Sun, Mercury, Venus and Mars
werecalculated after 1987. We obtain ephemeris from
Instituteof Theoretical Astronomy, Leningrad.

Thenumber of observations of the Sun and planets
intheperiod 1987-1988 is presen ted in Table 1.

The temperature inside pavilion has been read off
beforeand after the observation at two places, to the
north and to the south of the instrument. Mean
temperaturehas been used at reduction. Data treatment
has beenperformed on a TEXAS 59 ..

Theerror of a single observation has been determin-
edaccorcmgto the formula

UDC 521.98 : 521.3
Preliminary report

where
Vj - 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 5 85 20 4
MERCURY 17 3 6 20 5 4
VENUS 92 20 5 75 18 4
MARS 7 2 4 11 2 6

N- the number of reference stars transits;
n - the number of observing tolfrs;
K = N In - the average number of reference stars transits per
observing tours;

Mean yearly differences (O-C:k,o for the Sun and
planets; €(o_c)-mean errors of single observations and n
- the number of observations are surnarized in Table 2.

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

Objects years (0 - C)a Ea (0 - C)O EO

SUN 1987 ~001 ±0~027 -0~'04 ±0:'29
1988 0.012 ±0.034 0,07 ±0.40

MERCURY 1987 -0.031 ±O.003 0.17 ±0.34
1988 -0.021 ±0.057 0.00. ±0.63

VENUS 1987 0.009 ±0.032 -0.02 ±O.34
1988 0.020 ±0.058 0.13 ±0.56

MARS 1987 0.039 ±O.008 0.02 ±0.71
1988 0.028 ±O.047 -0.35 ±0.02
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Table 3. Data on the Sun Observations
------------------,--.-.---.--.--.-----.----.~_-,- ..-"---.-.- ..--.•... --.. - '._. __ ."---

Date of ob- clamp
observ. servo Ba tOe n a (O-C)a I) (0 - C)/j Ep posit.

-----
1987 190~
26.03. MD.ZS. 741.4 14.4 3 00h19mi5~192 O~014 02°04' 55':52 0'.'19 87 -2:~ E
03.04. MD.ZS. 740.6 11.8 2 00 48 23.531 0.014 as 11 29.90 --0.16 8U5 E
08.04. SS.MD. 741.8 18.1 6 01 0(, 39.885 -o.ou 07 OS 16~29 0.02 87.27 E
23.04. SS.MD. 750.0 10.5 5 02 02 11.069 -0.047 12 2:; 38.25 -0.17 87.31 E
24.04. SS.MD. 750.0 13.9 6 02 05 56.396 0.020 12 45 34.80 0.08 87.31 E
29.04 SS.ZS. 754.3 13.2 4 02 24 50.443 0.022 14 22 02.77 -0.01 87.33 E
13.05. SS.MD 735.8 21.5 6 03 18 56.122 -0.006 18 18 27.00 0.52 87.36 E
02.07. SS.MD. 742.1 28.0 6 06 4J 40.688 0.001 23 03 45.61 -0.06 87.50 E
13.07. MD.ZS. 742.7- 27.0 4 07 28 47.280 -0.0\2 21 52 27.66 0.35 87.53 E
14.07. SS.ZS. 743.9 27.2 4 07 32 50.803 0.066 21 43 40.77 -0.22 87.53 W
28.07. SS.MD. 741.3 22.1 :, 08 28 45.605 0.013 19 03 23.45 --0.33 81.57 W
16.09. MD. 749.0 25.1 6 11 34 24.077 0.011 02 45 56.80 --0.10 87.11 W
01.10, SS.MD. 748.8 13.6 4 12 28 20.256 0.012 -03 OJ 47.96 0.08 87.75 W
07.10. SS.MD. 742.6 19.5 5 12 50 07.949 --0.0\4 -05 22 sssi -0.15 87.77 W
09.10. SS.MD. 745.0 18.1 3 12 57 26.819 -0.002 -06 08 27.60 -0.20 87.77 W
15.10 SS.MD. 744.6 17.2 3 13 19 34.954 --0.032 -08 23 47.04 -0.02 87.79 W
16.10. SS.MD. 743.6 19.5 5 13 23 18.193 0.021 -08 45 58.20 0.22 87.79 w
20.10. MD. 747.5 15.8 6 13 38 17.159 --0.03i -10 1~ 25.38 0.33 87.80 W
22.10. MD. 744.3 17.7 4 13 45 50.471 0.008 -In 56 16.87 -0.39 87.81 W
27.10. MD. 753.2 10.6 5 14 04 55.778 0.009 -12 40 27.15 0.37 87.82 W
28.10. MD. 754.2 9.9 4 14 08 46.980 0,035 -13 00 43.27 -0.76 87.82 W
29.10. MD. 752.8 8.7 4 14 12 38.915 -0.008 -13 20 47.08 -0.2/ 87.83 W
30.10. SS.MD. 752.6 7.5 , 14 16 31.592 -0.059 -13 40 38.18 --0.16 87.83 W,~

1988
20.01. SS.MD. 744.2 6.1 5 20 07 01.958 --0.001l -20 14 30.17 0.31 S8.05 W
16.03. S5.MD. 736.2 14.0 4 23 45 33.900 o.oi 7 -01 33 54.90 0.31 88.21 E
30.03. SS.MD. 740.4 11.3 6 00 36 34.257 0.009 OJ 56 24.44 -0.10 88.24 E
12.04. SS.MD. 744); 15.5 ~ 01 24 07.365 -O.OIl 08 50 38.04 0.31 88,28 E
21.04. S3.MD. 743.2 17.8 6 01 57 32.115 --0.007 12 00 37.55 0.13 88.30 w
01.07. SS.MD. 747.6 25.1 5 06 42 39.778 -0.010 23 04 47.08 -0.18 88.50 W
12.07. SS.MD. 743.6 24.9 3 07 27 48.158 0.043 21 54 32.21 0.18 88.53 W
14.07. SS.MD. 740.6 27.4 3 07 35 55.333 0.040 21 36 45.72 0.56 88.53 W
01.08. MD. 748.2 25.3 3 08 47 18.963 -0.045 ,- 54 19.56 -0.62 88.58 W. /

02.08. SS.MD. 743.8 26.8 6 08 51 11.254 0.046 17 38 57.38 0.17 83.59 W
03.08. SS.MD. 740.2 27.0 " 08 5.5 02.957 --0.026 .~ 23 l7.ail -0.16 8859 W.> [,

04.08. SS.MD. 741.6 25.0 5 08 58 54.078 --0.002 17 0"1 21.34 0.03 88.59 W
08.08. MD. 743.3 25.1 4 09 14 12.791 -1).001 16 00 50.83 0.68 88.60 W
09.08. SS_!\ID. 741.2 22.4 6 09 18 01.033 0.023 15 43 33.08 -0.19 88.6i W
io.os. SS.MD 741.1 26.8 5 0'1 21 48_7G4 -0.008 15 26 01.37 -0:J3 88.61 W
15.08. MD. 743.2 31.D 3 09 40 38.679 0.089 13 54 43.64 0.S7 88.62 W
16.08. SS.MD. 741.4 30.1 4 09 44 22.970 0.072 13 35 47.16 0.29 83.62 W
18.08. SS.MU. 744_9 25.2 4 09 51 50.073 0.034 J 2 57 15.87 -0.43 88.63 W
19.01\. 5S.MD. 743.11 22.2 3 09 S5 32.857 OJHO 12 37 41.74 -0.61 88.63 W
05.09. MD. 747.0 25.0 3 10 57 36.507 -0.022 06 38 56.93 --0.21 88.68 W------- ._--- -----_.-.-.-- .. ----- --_~ -----------------._~_.-----.--------------.

Table 4. Data on the Mercury Observations----------------- ------'----_. __ .__ .- ~_-------_.'----- ----_._-------- ------
Date of ob- clamp
observ, servo Ba tOe n U (0 - Oa ~ (0 - C)5 Ep posit.---_. __ ._--_ ..... _---_ .._ ..._" ...__ ._--- ..•._ .._- ---.'~---- ---.--'._.,---'.- -.- ------ .._~-----_ ..-
1987 1900+
03.04. MD.ZS. 740.6 11.8 .5 23h! 3m46~J 1} -0\128 -07020' 15~72 ()'.'2 ! 8725 E
08.04. SS.MD. 741.8 18.1 6 23 39 22.';R3 --0.034 -04 55 12.85 0.49 87.27 E
13.05. SS.MD. 735.8 21.5 6 OJ 47 5l.1% -0.031 20 S9 03.52 -0.18 87.36 E
1988
16.03. SS.MD. 736.2 14.0 4 22 10 32.075 -0.033 --13 01 55:15 --0.61 88.21 E
12.04. 5S.MD. 744.8 15.5 -1 00 54 00.842 0.063 03 58 27.88 -0.09 88.28 E
14.07. SS.MD. 740.6 27.4 3 06 12 50.525 -ll.020 22 04 23.80 0.\16 88.53 W
09.08. SS.MD. 741.2 -"'') ,.f 6 1)9 46 42.410 -0.065 J5 13 14.30 0.2t 88.61 Ws: _~"'t

15.08. MD. 743.2 31.0 3 10 29 36.530 0.;)75 !() 56 io.rs --0,47 88.62 W
~.-_~------.--.--- _._----------_._--------_._-- -- ~_--------..-.- -_.-- ._.---_.- -.---- --,,--
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---- ---------_ .. -----

S. Data on the Venus Observations
.----- .. ---

ob- clamp.
servo Ba to,C n a (O-C)a s O-C)b Ep posit.

1900+
MD.ZS. 741.4 14.4 3 2Ih58m21~740 -0~028 -12°53' 23:58 O'!36 87.23 E
MD.ZS. 740.0 11.8 5 22 35 23.738 -0.001 -09 50 13.82 0.59. 87.25 E
SS.MD. 74 I.8 i!" 1 6 22 58 11.508 0.052 -07 46 13.14 -0.11 87.27 E
SS.MD. 750.0 10.5 5 no 05 30.167 -0.004 -01 05 03.53 0.54 87.31 E
SS.MD. 750.0 13.9 6 00 09 57.631 -0.044 -00 37 21.87 -0.46 87.31 E
SS.ZS. 754.3 13.2 4 00 32 14.906 -0.043 01 41 42.68 0.02 87.33 E
S5.MD. 742.1 28.0 6 05\ 1 48.416 0.015 23 05 48.62 0.40 87.50 E
MD.ZS. 742.7 27.0 4 06 40 21.763 1).024 23 17 19.03 -0.70 87.53 E
SS.ZS. 743.9 27.2 4 06 45 47.983 0.015 23 14 14.87 0.02 87.53 W
SS.MD. 741.8 22.1 5 07 59 48.547 0.018 21 20 30.01 -0.30 87.57 W

MD. 749.0 25.1 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 02.421 -0.023 -06 14 48.34 -0.15 87.75 W
SS.MD. 742.6 19.5 5 13 36 45.644 0.033 -09 11 42.66 -0.36 87.77 W
SS.MD. 745.0 18.1 3 13 46 05.588 -·0.023 -10 09 10.90 -0.02 87.77 W
SS.MD. 744.6 17.1 3 14 14 26.363 0.051 -12 55 41.17 0.33 87.79 W
SS.MD. 743.6 19.5 5 14 19 13.226 0.010 --13 22 26.26 -0.05 87.79 W

MD. 747.5 15.8 6 14 38 31.447 0.042 -15 06 05.95 -0.03 87.80 W
MD. 744.3 17.7 4 14 48 17.357 0.066 -15 55 44.07 -0.10 87.81 W
MD. 754.2 9.9 4 15 08 03.938 0.033 -18 14 34.12 -0.34 87.82 \II
MD. 751.8 8.7 4 15 23 05.995 0.009 -18 36 05.91 -0.09 87.83 W

1988
20.01. SS.MD. 744.2 6.1 5 22 33 08.416 0.042 -10 41 01.79 -0.29 88.05 W

:30.03. SS.MD. 740A 11.1 6 03 31 08.325 0.003 22 09 07.29 0.41 88.24 E
'12.04. SS.MD. 744.8 15.5 4 04 23 42.334 -0.092 25 28 06.76 0.68 88.28 E
01.07. SS.MD. 747.6 25.1 5 04 53 12.124 0.003 18 14 26.05 -0.64 88.50 W
12.07. SS.MD. 743.6 24.9 3 04 5'7 17.394 0.055 17 45 35.19 0.64 88.53 W
J4.07. SS.MD. 740.6 27.4 3 04 59 51.611 -0.027 17 46 58.99 0.59 88.53 W

·'1.08, MD. 748.2 25.3 3 05 41 35.818 0.094 18 51 10.42 0.37 88.58 W
02.08. S5.MD. 743.9 26.8 (; 05 44 42.077 0.056 18 55 32.24 0.32 88.59 W
03.08. SS.MD. 740.2 27.0 3 05 47 52.304 -0.064 18 59 48.71 0.14 88.59 W

'•• 08. MD. 743.3 25.1 4 06 04 38.378 0.035 19 19 05.84 0.74 88.60 W
09.08. SS.MD. 741.2 22.4 6 06 08 09.693 -0.015 19 22 23.87 0.58 88.61 W

-10.08. SS.MD. 741.7 26.8 5 06 11 44.094 0.059 19 25 28.19 -0.32 88.61 W
, 15.08. MD. 743.2 31.0 3 06 30 18.583 -0.053 19 36 49.66 0.26 88.62 w

16.08. SS.MD. 74 t.4 30.! 4 06 34 09.267 0.064 19 38 11.58 0.65 88.62 W
B.08. SS.MD. 744.9 25.2 4 06 41 57.672 0.090 19 39 54.49 0.46 88.63 \V
9.08. SS.MD. 743.8 22.2 4 06 45 55.217 0.084 19 40 13.99 -0.83 88.63 W
.08. ';!D. 738.6 25.5 4 06 58 00.215 0.069 19 38 56.57 -0.69 88.64 W

05.09. MD. 747.0 15.0 3 07 57 34.806 -0..047 18 41 34.79 -0.80 88.68 W
---------------- ---------------_._-------

6. Data on the Mars Observations
-----.

00- clamp
servo Ba tOC n a (0 - C)a 6 (0 -C)I) Ep posit.

1900+
SS.MD. 741.8 18.1 6 03h58m34~161 0~033 21°23' 01':61 0':52 87.27 E
SS.MD. 750.0 10.5 5 04 41 00.544 0.044 23 09 17.86 -0.48 87.31 E

SS.MD. 743.2 17.8 6 20 49 42.149 0.061 -19 08 55.64 -0.36 88.30 W
SS.MD. 741.7 26.8 5 00 43 02.404 -0.005 -00 42 32.00 -0.33 88.61 W

----------

The apparent right ascensions and declinations Each of the four tables contains eleven columns.
obtainedfrom observations are compared to the ephe- Their description is given below.
, lis placesand the results are presented in Table 3-6 Column I - data of observation;
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Column II - observers: Miodrag Dacic (MD),
Sadzakov Sofija (SS), Zorica Cvetkovic (ZC).

Column 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 (0:);
Column VII - (O-C)o: in right ascension;
Column VIII - ephemeris declination (8);
Column IX - (O-C).s in declination;
Column X - observation epoch;
Column XI - clamp position.
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PRECISE MINOR PLANET POSITIONS OBTAINED AT ESO - LA SILLA
IN FEBRUARY 1985

H. Debehogne
Observatoire Royal de Belgique, A venue Circulaire 3, B -1180, Bruxelles, Belgique

V. Protitch-Benishek
AstronomicalObservatory, 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.

BuIl.Obs.Astron..Belgrade NO 140 (1989), 53-68.

I.lNTRODUCfION

The present paper contains the results of the
photographicobservations of nine minor planets: 123
Brunhild,232 Russia, 1283 Komsomolia, 2158-1933
OS, 2354 Lavrov, 2943 - 1933 QU, 1985 CO., 1985
CPi and1985 CQ•. Last three ones are new discovered
minorplanets.For three stars (7006, 7007 and 7008) the
precisepositionsare calculated.

2. OBSERV AnONS

Minorplanets observations were performed with
GPO (GrandPrism Objectif, f :: 400 cm, D :: 40 em),
usingKodak spectroscopic plates 103a-0, taken at
EuropeanSouthern Observatory (ESO), La Silla, Chile.

All the plates were measured on the Optronics
measuringmachine, Garching and on the Ascorecord
ZeissUccle.

3.RESULTS

The results of observations collected during this
missionarepresented in two Tables.

UDC 523.44
Preliminary report

Table I contains, respectively: the ordinal number of
each position, the object designation, ordinal number of
the plate, date in UT, the topocentric coordinates 0' and
o 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 0' 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

'J 0 OcJt:.CT Pt. A T[
JATL UT 19c~)
1-10:1. UY ALPrlA 195[ GLlTA 195~ RLSIGUAlS

~ ~ SO" H
--1- 12 ,3-r~RIJ~HIL O'-----SC04----2---9-:Je-iz:;5-----c; 't] 20.-4 G4-+ 1i r: j ':j,; .53~--:l~

2 1:3 BRUNHIlD 2UOq Z 9.Ca6UJ~ 9 4C 20.1:4 ·11 _c Sl.J3 • .1 - 1
.) 1238RI1JHILU 80J4 2 9.U923cl 'j 4[) 25.?7i~ 71: Co! Sl.'il + ••. - ,
4 232 rUSSIA iL;C4 2 -7 • .08125<':: 9341<.:.3['5 +12,1135.76 + .C - .•
5 232 ~JS~IA a~04 2 9.0a~eJ5 9 34 10.819 +12 11 3~.:9 •• C - 1
6 232 RUS~l~ aCG4 2 9.C9l!Ll 9 34 9.71C +12 11 4C.53 + .0 - 1
7 232 RUSSIA Beus 10.86423b 9 33 17.9[7 +12 19 17.00 •• 0 C
8 232 ~USSIA 2006 2 lO.J7C833 ~ 33 17.551 .12 19 2J.:S +.C 0
9 232 RUSSIA e~Od Z lC.J77430 9 33 17.1~7 +12 1~ 23.30 +.0 C

10 232 RUSSIA 8~15 2 11.:59028 9 32 24.~56 912 27 C5.b2 •• u C
11 232 RUSSIA 8015 2 11.~645a3 9 32 24.2S~ +12 27 06.16 +.~ C
12 232 rUSSIA S015 2 11.J1J133 9 32 23.941 +12 27 1~.6° +.0 J
13 232 RUSSIA 2J31 2 lS.0333J3 9 30 3[.1~D +12 42 4:.79 .s C
14 23::: ilL: SSIt, 8 C :3 1 2 1::. Q 3:~8E 8 9 3U 3'7.847 + 12 42 4:.S 1 - •~ ' o
15 232 RUSSIA 3e31 l 13.[44444 9 30 ~7.S38 +lZ ~2 45.38 -.C C
16 232 RUSSIA 8J52 2 15.G29E61 9 28 5~.5~5 +12 5~ 3_.22 -.1 u

17 232 RUSSIA 8:52 2 lS.:35417 9 26 SJ.2S1 +12 sa 3~.~C .1 C
18 23l R0SSIA 8:~2 2 1~.C4~972 9 28 52.00C +12 ~e 30.14 -.1 C
19 232 RUSSIA 8069 2 16.051359 9 27 5~.756 +13 Ut 37.34 -.1 0
2U 232 '4lSSIA ~Lb9 '2 1~.25c944 ') 27 ::,s.q:s;;: +13 '::;6 '4.:.:.::5 - 01 \.
21 232 RUSSI~ eS69 2 1~.J625JC 9 27 ~5.13S +13 J6 42.56 .1 0
22 232 ~US5rA eUB7 2 17.05&597 9 27 2.076 +]3 l~ 35.22 -.1 u
23 ~32 ~USSIA ~ca7 2 17.261QSS 9 27 l.302 +13 14 37.62 .1 [
24 232 PUSSIA 8~e7 2 17.C66319 9 27 1.52S +13 ly 4~.09 -.1 0
25 232 RUSSIA a~J5 2 18.:53125 9 26 9.~09 +13 22 23.09 -.1 C
26 232 rUSSIA 8105 2 Ib.J57986 9:6 3.6?8 +13 22 30.33 -.1 0
27 232 RUS~IA 81GS 2 12.U6~8q7 9 26 3.535 +13 22 32.90 -.1 G
28 232 RUSSIA 8123 2 19.~51736 9 25 1~.621 +13 3D 18.57 -.1 _
2~ 212 RU5~IA ~123 2 19.05&597 9 25 16.3u5 +13 38 21.24 .1 C
30 232 rUSSIA ;123 2 19.~G!45e 9 25 1&.G88 +13 30 23.36 .1 C
31 232 RUSSIA 2:4: 2 2U.;:;496~3 ') 24 :4.691 +13 38 e8.58 -.1 [j

32 232 HUSSIA f!41 2 20.054166 9 24 2~.q36 +13 38 10.&9 -.1 C
33 232 rUSSIA 8141 2 20.052333 9 ~4Z4.232 +13 38 12.12 -.1 0
34 1263 vorSO~OlrA sn~4 2 ~.DeI25~ 9 34 51.32& +lC q3 31.49 •• 0 0
35 1~a3 KOMSOMOLIA 3CCQ 2 9.Q~68J5 q 3u Sl.057 .10 43 33.34 •• 0 0
36 1~83 KOM50MOLIA 2:04 2 9.092361 9 34 50.602 +lL 43 35.32 +.0 0
37 21se 1933 os aC15 2 11.J590~8 9 32 17.805 +12 56 G9.45 +.0 d
36 ~lSS 1933 OS se1S 2 11.C64583 9 32 17.566 +12 56 le.B8 +.0 C
39 2158 1933 as 8~15 2 11.07J138 9 32 17.320 .1Z 56 12.12 •• 0 0
40 21S5 1933 OS SC3! 2 13.L33333 9 0 ~4~325 +13 J4 14.24 -.0 0
41 2156 1933 as Be3: 2 13.J36688 9 n 44.U49 +13 J4 14.78 -.0 0
42 2153 1933 JS PC3l 2 13.~44444 9 _ 43.749 +13 U4 15.65 -.0 a
43 Z15~ 1933 as BC5~ 2 15.029361 9 9 IJ.09Q +13 12 23.35 -.0 C
~q 2152 1933 os 8[52 2 1~.J35417 9 9 9.878 +13 12 24.~5 -.0 0
45 2158 1933 os 8USl 2 15.040972 9 9 9.631 +13 12 26.00 -.0 D
4& 2158 1933 OS 8C69 Z 16.251389 9 B :Z.G75 +13 16 33.37 -.1 Q
47 2158 1933 as 2869 2 16.J56944 9 8 2.1.828 +13 16 3q.~O-.1 a
48 2158 1933 OS 8C69 2 Ib.l6~50C 9 B 21.532 +13 ~ 35.45 -.1 0
49 215'1 19:!3 OS 8:::87 2 17.J56~,97 9 7 35.J38 "'13 2 37.58 - 01 0
50 2158 1933 OS 8J87 2 17.061458 9 7 34.779 +13 _ 35.82 -.1 Q
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Table1 (continued)

DIITE UT 1985
NO OBJEC T PLATL MON. DAY ALPHA 1950 Del TA 1950 RESIDUALS

II H c o •• M~
51 2158 1933 OS 81)87 2 17.066319 9 27 34.531 + 13' 2C 4'::.00- .1 GS2 21S8 1933 as 81~5 2 16.0531:25 9 26 48.527 +13 24 39.82 - .1 CS3 21S8 1933 as .'3105 2 18.057986 9 26 48.295 +13 24 4C.90 - .1 0Sq 215131933 as 81C5 2 18.;:;62847 9 26 48.028 +13 24 1~2.00 - .1 0~5 2158 1933 OS 8123 2 19.051736 9 26 2.273 +15 28 38.36 - .1 C56 2!sa 1933 oS 8123 2 19.G56597 9 26 2.UGe +13 28 4C.GO - .1 057 2158 1933 os 8123 2 19.061458 9 26 1.808 +13 2a 41.48 - .1 U58 VS4 LA VROV 8C04 2 9.081250 9 33 5.C81 +11 35 05.46 + .G C
~9 2354 LA VROV 8004 2 9.U868C5 9 33 4.a[12 +11 35 07.35 + .~ 0.L;
60 2354 LAVROV 8004 2. 9.J92361 9 33 4.517 +11 35 09.57 + .0 C
61 2354 LAVROV 8C08 2 10.064236 9 32 13.654 +11 40 C8.89 + .0 c
62 2354 LA VROV 03008 2 1U.070833 9 32 13.33C +11 40 11. 12 + .0 r•...
63 2354 LAVROV 8008 2 lU.077430 9 32 13.007 +11 40 12.:; 0 + .0 0
64 2354 LAVROV 8015 2 1l.C59028 9 31 21.662 +11 45 16.15 + " C.u
65 2354 LA VROV 8015 2 11.064503 9 31 21.334 +11 45 17.92 + .G C
bb 2354 LA VROV 8015 2 11.070138 9 31 21.U27 +11 45 19.17 + .0 0
67 2354 CA VROV 8031 2 13.033333 9. 29 38.449 +11 55 27.41 - .LJ 0
68 2354 LAVROV 8U31 2 13.038888 9 29 38.180 +11 55 29.18 + .0 G
69 2354 LAVROV 8031 2 13.044444 9 29 37.901 +11 55 30.80 + .u G
70 2354 LAVROV 805::: 2 15.:)29861 9 27 54.834 +12 05 44~59 - .0
71 2354 LA VROV 805;:: 2 15.0351.j.17 9 27 54.521 +12 OS 46.35 - .u C
72 2354 LAVROV 8052 2 15.040972 9 27 54.243 +12 os 48.28 - .0 073 2354 LAVROV 8G69 2 16.051389 9 27 2.366 +12 11 01.75 - .1 + 1
74 23S4 LAVROV 8069 2 16.056944 9 27 2..100 +12 11 03.08 - .1 + 1
75 2354 LAVRO.v 8069 2 16.062500 9 27 1.829 +12 11 04.28 .... + 176 2354 LA VROV 8087 2 17.056597 9 26 10.670 +12 16 09.58 - .1 + 177 2354 LAVROV 8087 2 17.061458 9 26 10.410 +12 16 11.77 - .1 + 1
78 2354 LAVROV 8087 2 17.066319 .9 26 10.207 +12 16 13.40 - .1 + 1
79 2354 LAVROV 8105 2 18.053125 9 25 2Q.069 +-12 21 15.35 - .1 + 180 2354 LAVROV 8105 2 18.:)57986 9 25 1·9.801 +12 21 16.59 - .1 + 1
81 2354 LAVROV 8105 2 13.062847 9 25 19.513 +12 21 18.53 - .1 + 1
82 2354 lAVROV e123 2 19.051736 9 24 29.805 +12 26 20.41 - .1 + 1
B3 2354 LAVROV 8123 2 19.056597 9 24 29.569 +12 26 21.78 - .1 + 134 2354 LAVR OV 8123 2 19.061458 9 24 29.319 +12 26 23.26 .1 + 1
85 2354 LA VROV 8141 2 20.049653 9 23 40.049 +12 31 22.16 - •1 + 1
Bb 2354 LAVROV 8141 2 20.054166 9 23 39.792 +12 31 23.38 - .1 + 1~7 2354 LAVROV 8141 2 20.053333 9 23 39.615 +12 31 24.50 - .1 + 1
88 2354 LAVROV 816G 2 21.054861 9 22 50.549 +12 36 24.23 - .1 C
b9 2354 LAVROV 8160 2 21.060416 9 22 5J.211 +12 36 26.00 - .1 0
90 2354 LAVROV 8160 2 21.065972 9 22 49.940 +12 36 27.54 - .1 0
91 2354 LAVROV 8176 2 22.055555 9 22 1.804 +12 41 23.00 - .1 0
92 2354 LAVROV 8176 2 22.061111 9 22 1.509 +12 41 24.66 - .1 C
93 2354 LAVROV 8176 2 22.067014 9 22 1.180 +12 41 26.45 - .1 C
94 2354 LAVROV 8196 2 24.031250 9 20 27.712 +12 51 04.03 - .0 L
95 2354 LAVROV 8196 2 24.035417 9 20 27.531 +12 51 05.24 - .c 0
9& 2354 LAVROV 8196 2 24.C395B3 9 20 27.344 +12 51 06.59 - .U (J
97 2354 LAVROV 8219 2 25.J35417 9 19. 40.954 +12 55 5:;.20 - .1 Q
98 2354 LAVROV 8219 2 25 ••..4C972 ':I 19 4.:;.752 +12 55 57.07 - .1 U
99 2354 LAVROV 8219 2 25.046527 9 19 40.483 +12 55 58.71 - .1 0

100 23S4 LAVROV 8235 2 26.020466 9 18 56.05& +13 00 36.60 - .1 + 1
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Table I (continued)

uAT[ LIT 19(.;';,

rLA r t t'ON. DA YNO CE Jl~C T ,~ LPHt, .:.'}::' C1 [[LTA 19S~ RESIDUALS
C" n

+lS CC ~~.49 - .1 +
~15 :~ :;.35 - .1 +

2:5:'4 LAVROV
23S4 LAVP.uV
2354 LAVROV
23:;4 LAVI?rJV
2354 Lt.VROV
;.:3:>4 LAVRuV
2943 1933 ~U
2943 1933::U
2°43 1933 ~!J

19t3CJl
19P5C01
1Y8SCG1
1985C01
1985C01
191:5C01
1995C01
1905C(;1
199~CiJ1
19Q5COl
193:;C01
1985C01
1985CJ1
1995C01
1935C)1
1985C01
1985(;)1
1985C01
1985C:-31
19'35C<)1
1985C01
1985C01
19R5COl
1985CCl
198:;C('1
1985C01
19S5CJ1
19F..5COl
1985C01
1985COI
1985C01
1935C01
19~5COl
1985C01
1985C01
1985C01
19~5CC1
1935CUl
1985C'J1
1935C01
19'15C)1

101
1']2
103
104
105
llJ6
107
103
1J9
llJ
III
112
113
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Table I (continued)

~.'A "T L. UT lGSS
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1~5 19~5COl Eo,,:::; .5 2 27.".26309 9 l? 45.7G(. + 1 3 17 c: G 01 7
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Table 1 (continued)
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::'03 198:;;CU AC15 Z 11 .C7C US: 9 2.7 45 .959 + 11 ...~., (,2.~0-'2U4 1935C;:;1 3231 ..,

13.C333.n 9 ) c; 3[; .3E-& + 11 16 St:.; .CCc. •.. :.>

2 iJ 5 1985C::;1 .'3[J 31 2 13.:::3~:[8 9 ZS :: ~; "nr + 11 16 S7 .60• !.,..; ~ '"'-

2C6 19?5Cd .",(- 7 • 2 13.C/14444 ? 37 .&13 + 11 •.6 5'1.28t; i..-:...)l. "::''J
2:J7 1985C,;.1 "c 5..: ., 15 .: 2 'I ".G 1 9 23 7"·134 + 11 27 C-.w 19c.

J __

·208 1985C~1 8C52 2 E .C3S417 'i .-, -e' 29 7 -" +11 27 r ' .&6~..) · ,.) - ~2U9 19.o5C,..1 8· = 5 2 2 15._4U972 9 23 29.4[3 + 11 27 •.....• ., .., ~
L....J •••• ,

2l:J 198:'-C(1 1:3 269 2 1& ~ c:: , 389 9 22 25 ·19d + 11 32 r: -~l •C 3• --.".<' ••. "u
211 1925C",;1 8 069 2 16.056944 9 ? ., 24 .t;33 + 11 32 G9 .24•.. L

" lZ 1ge5C~1 il [69 2 1f.,•....•tJ2~UO 9 22 24 .464 +11 - ., i ;·, c:c: ole.. ••• _J

213 1935C':.•1 .3=87 2 17.C56S'17 9 21 22 • U 7£) +11 37 09 .48
214 1985C;,;1 8':::87 z 17.J614S8 9 21 21 .768 +11 37 1::;.94
215 19S5CO ~<87 2 17.JH319 9 21 ., ~.46U +11 37 12 .29•..
216 19':5C..;1 8 lD5 2 le.~53125 ') LO ze. les + 11 42 ['&.31
217 1935CQl 8105 2 Ii) .C579S6 '~ 20 19.895 + 11 42 07 .601"03 19:?·::>[r~1 'll OS -, 18.J62~,47 9 20 19 .6es + 11 42 (J2 .85- c
2l? 1985C";1 8' ..,7 2 19.u51736 9 19 18 .978 +11 47 02.1 3.• L..>

i~u l'iS3CC,1 S12.3 2 19 .:;56:'97 9 19 1:;.665 +11 47 r .,
• b 1LJ.J

221 1935C;;':1 8123 2 19 .':61458 rv lq 18 .3~3 +11 47 C5 .06'7

22~ 1985C~1 8141 '2 2~.C.496~3 9 18 Ie .813 +il 51 55 .ca
223 1985CQ1 8 141 2 2[;.C54166 9 18 IS .543 +1j, 51 56. 36
224 19q5C':~1 SlLt1 2 z c .[515333 9 18 Ie .2F.B +11 S 1 57 .63
~25 i s e s c c i 2160 2 21 .J54361 9 17 19.::57 +11 :'0 46 .34
226 198:,C01 s i e o 2 21 ••J6U416 9 17 16 .721 + 11 56 4Q.D 1
227 1985C·..:l k16 •..• 2 21 .:""6:'<)72 9 17 IS .373 +11 56 49 .61
.::L 8 19>35C~1 2 170 2 2.:.[55::55 9 16 2G.~9Lt + 1,,- 'Jl 34 .66
~Z9 1985CCl 8176 Z 22 .:61111 9 IE> 2~.2e: +12 (;1 36 .30
230 198 S cc 1 q 176 ? 22.Cb7C14 ') 16 19 .948 + 12 Cl 37.75
231 19~5C,,1 Ill?£; 2 24 .::.,312~.CJ 9 14 Z6 .6:;:; +12 Ie 51 .45
-. 'J'-' 1985Cl 8196 2 24. :.J3S417 9 14 2<2..416 +12 Ie c: ., .65:t.. JL

,) ~
233 1985Cd B19b 2 24 .[;395133 9 14 ~b ·!E6 +1.: lC 53 .20
234 1985C 1 '1219 2 25.[35417 9 U 3.5.5()9 + 12 15 3.:; .69
235 1985(,,':1 'l219 2 2S.u4J972 9 13 .~? ? o'> +12 15 ~" .25-,,,,,,,.(...;::.. ~L

236 1985Cc.l 3219 2 2" .:.;46527 9 13 32 .9f6 ~12 IS 33. E D.:.:
2.57 193 5 «;'1 8235 2 2D.:':Z~486 9 12 4:].701 +12 19 57 .83
238 1925C';1 t~2 35 2 26. :..26242 " 12 4::' .£;76 +12 19 59 .40
239 198 (,,,1. 3Z .5:::,2 U,.23J9G2 ") 12 4 ...... .~r» ~ +12 ')r OS.71.••••• ..:. t., ~ '---
240 193 C 1 3253 2 27.C263E.9 9 11 It ;'3 ·It.9 qz 24 27 .36
241 19? C 1 8253 2 27.U.)l944 9 11 47 .9CC +12 24 ., - .30t:.~
2.42 198 C 1 8271 2 -,),-, .[22222 9 18 57 .297 +12 29 19.84Lt.

243 19 '3 C 1 8271 ., 23.[,27713 9 10 57.U14 +12 29 21 .36c:
244 7(J Db 03123 2 19.~J51736 9 ~r' ". .bPS +11 Lie 13. C 3 - - 0L ~) _' U 'w245 7006 3123 2 19.056597 9 -")r-: 56 .676 + 11 40 13. CO - .c - C~--:
24G 7()O6 .' 123 2 19.CJ61458 9 20 5&.6<)8 + i , 40 13. LO - .C - 0o
2.47 7e07 SlJ5 2 IE .J5312:' 9 21 54 .2(;1; +13 19 S6.G6 - • J + C
243 7007 3105 2 12 57986 9 21 ~tt .2El +13 19 5&.68 - ,. + U. ·'"~49 7007 3~O~ 2 1 & • 62047 9 21 <:4 ')" ... + 13 19 56.5C .c + c·.;... _. ~
250 7(J[J7 .3123 2 19. 51736 9 21 54.2Ll8 + 13 • 0 c: .. .32 - • Q

+ 0.l . ~D

58



56.48 .C + o
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Table I (continued)
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Table 2 (continued)

OBSE:RVATIorlS NO SAO POSITIONS USED ::'IAR RE:SI(,UALS DEPt:.:NDENCI:..S

S .. S .. 5 .. S ..
31 3~ 33 98544 +lb.::J83 le.S3 -O.Del -I] • S ! -() .aO;? + C. 00 -0.0(;0 -0.G3 +C.Q84b12 +O.98S1ea -0.985574

98580 +53.3710 06.16 -C.016 <l.C6 +C • Q 15 -C. 11 +0.017 -0.14 .C.534369 +0.533432 -O.53Z7CS
98550 +310.977 C7.CJ3 -O.n4C +0.17 -0.03'7 +C .21 -0.0'13 +0.39 +['.12<7523 +C.129425 +(.129346
98521 +29.1036 27.31 -2.007 -J. c 1 -C.012 + C • oJ'I -0.C05 -(".('1 -G.461071 -0.467536 -(\.461'1C'7
98S;:" +29.725 4 .~,. 8:> +0.031 -G.Lq +O.L.:~& -C.21 +C.Q3l -C.14 -C.18CI:27 -O.13CS09 -C.180221 I""

35 30 98682 +15.956 16.62 -D.[;CA +0. C~' -:.005 +[.07 -C. OC 7 -::.82 -0.255576 -O.2S:;4S5 -C.255255 I~34 /R'1b1~1 + 1 7. 7f):; 14.19 +C.CC'l -C. 1r::+C .OC£' -C.22 +0.OU3 +C.C6 +0.IC4(;.55 +G.I03,Q7 +C.101922
3d.OC -0.022 +8.16 -C. (j 15 +0.24 -0.['18 -0. Z2 +0.4469<70 +0.446872 +C .446C7e '"'~86 36 +25.4°6 tTl

93(;.79 +57.32~ 53.52 +~'. 'J 37 +:.J.er. +0.OC9 +r:.24 .•O. [2:, +C.23 +C.2'11169 +C.291455 +0.291651 s98671 +47.750 15.3C -[,.CUB -C.12 .•c .CC S -0.33 -C.rC3 + C. C 1 +0.412763 +C.4138E-O +0.'I14!!12 Z
37 " ' 3Q 9t3,641 +qJ.53~ 12.2P. +O.:::lC .•.: • C.3 +C: .S 16 .•.~. C2 +0.021 -C.01 +0.160,,['1 +0.162111 +0.16348.4 0.;0 ~93669 +4l.:.Sb:> 25 .G 1 -C.OI0 -G. C 2 -l .C IS -0.02 -C.C':C "L.Cr -0.215744 -[.217327 -0.212927 "t>'10656 +3~.721 14.42 +r.011 -::J. C C; +0.J14 -C. DC +0.C17 +L.C9 +0.3583[6 +1l.3586L1J +C.:!5~972 r>-9265;: +17.013 41.30 -['.C::S -0 .C 1 -0 • S 36 -r:'.04 -0.C4f! -(;.G5 +0.4442C3 +J.44505ii +0.445<;15 Z

9,,('64 +2H.254 45.77 +['.014 +C.C5 +(' ......•., -+C.C4 +O.03C -0.83 +0.252429 +C.?51519 +0.?505S5 1T'l'- ••.• ,:.t.. -j
40 41 42 ~d6J:? +58.791 J 1.24 -;; .C2Q -G .c 5 -~ • C 4 2 -C. 1J -0. ['113-C.12 -0.2 a 11153 -C.2&4181 -0.21'-4146 -e

<;,636 +17.i55 49.52 +C.039 -C;. 3~ .~.C 37 -r:.~7 +C.C37 -0.38 +(1.1890G8 +C.1d84e3 +0.187969 0:c:98641 +56.961 34.15 -['.011 +C.33 +O.C:CC .•.C • 43 "C.GCI +C.37 "C.P77~,17 +0.1376121 +().R74512 ::l9662il "37.08:: 45.88 -C.OO5 -0.16 -l, • C.15 -C.2.2 -G. CiS -C. 2:· +0.6<:11024 +0. E-Cl403 +0.681955 0
9d6:':2 +22.6['1 44.3 t, "'[.ces +C .27 +[.(;20 +('• 3f. +C.o:':l +U.33 -0.463396 -0.461c28 -0.4002E9 Z

'"43 44 't5 98592 +47.759 C5.79 -~.O33 -0.09 -C.C2:: -C.24 -LJ.025 -[.19 -(1.n24~1 -0.321962 -0.321449 0
98591 +4.3.744 37.24 +[.C48 +C .17 +O.C32 + C • 4:) +0.039 +[.32 +(1.(10089C +0.001365 +0.001951 I:C

-j
9b6Z4 +37.UrlG 45.88 +[.012 +0.15 +O.CC9 +( • 3,S +C.[11Cl +C.20 +0.661394 +['.(:61131 +0.660534 >-
ge6U9 +41J.6H 3-4•5 1 -('.:::; 36 -u. ~3 -U.G25 -c. 50 -0.039 -'(.;.36 +0.545018 +0.544935 +0.54493(; Z
90631 +56.395 2Z.3U +0.009 +C •C 1 -o .ClO b + c. r~3 +o.ros +C.C3 +0.115157 +O.114S11 +0.113734 tTl

046 47 113 98594 +5U.746 14.97 -['.03C -u • 5 ~ -t .0'34 -0.47 -0.027 -C. 4~; -0.2694e8 -0.27C3r.O -0.271327 >-
98:;95 +J9.447 1::014 +[.0114 +0.76 +C.049 +C • 69 +[1.(140 +C.65 +[.033911 +O.03~303 +0.03700Z -j

'h629 +40.636 34.51 -0. C 14 -0.09 -c •U 1 3 -(1.30 -C. l'11 -C.15 +0.486426 +0.431949 +0.489858 tTl

'"98624 +37.QeO 11:>.38 +0.013 +C.~2 "0. C 14 +C • 19 -u.rn i +C.19 +:=;.262952 +0.2S9J~9 +O.?54649 0
I

98609 +40.636 34.51 -[1.013 -0.37 -C •G 1:, -['.12 -O.r13 -C.24 +C.4062~a +0.4,,803,>, +0.4898Ie r
49 5 r» 51 96530 +~3.37b ae .16 -0.037 -0.36 -J.(;29 -0.27 -0.037 -C.41 -C.S79S<;9 -0.072964 -Q.~7E,lPl: ;I-,'-'

'"9:;:>92 +47.759 05.79 +0.!J36 +0.05 +0.235 +0.09 +0.04E: +0.19 -(1.164927 -0.16'1566 -0.16416C t=93622 +2.2.bfll 4'1.36 -('.012 -J.CS -0.011 -C. 05 -0.014 -c.oe -0.133216 -8.134306 -0.135362 r>-90595 +C9.447 10.14 +C.018 +0.57 +C.005 +0.36 +D.GGS +O.~8 +C.350889 +0.351056 +C.;51354
98609 +40.036 34.51 -2.005 -0.22- "0.000 -C.13 +G.OllI -C.IE +1.027154 +1.(,267El +1.C263~;4 Z

~2 5.5 54 90591 +43.7'1't 37.24 +C.041 +0.03 +0.029 +n.17 +0.032 +L:.~6 +0.244655 +O.2462G4 +0.2'17998 ."
tTl

93607 +33.419 27.34 +[;.014 -0.1 Q +0.U15 -C.25 +0.014 -0.29 -0.048204 -('.049923 -0.C512.35 I:C~986C5 +09.644 56.83 -('.013 -0.U4 -0.!J08 -0.10 -D. 00 9 -O.Of +0.743305 +0.745207 +G.746799 C
986,,9 +'1::.636 34.51 +0.007 +C.21 -0.001 +C.35 +O.C~3 +[;.32 +0.051.353 +0.049942 +O.D,I;?21C >-

;:098595 +09.4'17 10.14 -0.Q49 -C.01 -0.035 -0.17 -0.039 -C.C~ +0.C083e6 +Q.OO848ll +0.CO~82B -<
SS 56 57 9b551J +3&.977 07.03 +0.003 +C .2.1 -0.004 +0.10 -u.r o i +0.20 -0.7419('8 -0.741526 -0.741240 :a98580 +53.316 06.16 -[.006 -0.42 +0.C08 -0.19, +0.002 -C.4~ -0.099681 -0.099129 -0.100059 00v.9d595 +09.447 1J .1'1 +0.OG8 +C.12 -0.003 -0.04 -0.002 +(!.15 +0.552474 +0.5518136 +0.551672

98591 +'43.744 37.24 -C.004 +0.19 -0.[:03 +0.19 +0.001 +0.14 +0.599995 +0.599626 +0.599394
ge544 +16.J83 10.83 -0.001 -0.10 +0.002 -Q. ()6 +o.noo -C.09 +0.68912U +;).689740 +O.!:9QZ32

5» 59 60 98662 +15.956 10.62 -0.03B +0.0 3 -C .023 +0.04 -0.033 -0.07 +0.158938 '0.158099 +0.157342
98679 +57.829 53.52 +O.02G +0 .G 1 +0.00: +0.20 +0.013 +0.15 -0.171239 -0.172318 -0.173620
98671 +47.758 15.30 -0.004 -0.03 +0.014 -0.34 +0.003 -0.l9 +0.064156 +0.C63961 +0.063863

0\ 98653 +22.40'1 42.57 -0.027 +0.0 Ij -0.025 + r:J • 22 -0.026 +0.05 +0.481015 +0.482't66 +0.483893•...... ge669 +40.085 25.01 +('.049 -0.04 +0.033 -0.12 +0.043 +0.05 +0.467129 +0.467792 +0.468521



0\ Table 2 (continued)tv
O~;SfPVA lIONS rID S AO POSlTIarlS USlO S TA P ~'[ s i au AL S co. PO:Df r.c E S

S .. s .. s .. s ..
b1 62 63 9a632 +58. T91 01.24 +C.ClO9 +O.1b +0.023 + 'J • 21 +0.024 +C.1: +O.15263a +C.153d6t +0.1:,'5136

93671 +47.758 15.30 -n. C'17 -0.06 -0.003 + 0.15 -0.C06 -0.07 -0.032309 -0. C:::32e9 -0.034064
98653 +22.4U4 42.57 +['.023 -0. CO -0.010 -0.40 -O.OUb +0.04 +0.118<;;11 +0.112679 +C.l10765
9:3669 +40.0~5 25 .u 1 +0.012 +C .21 +:;.827 + 0 • 16 +0.0':'l +0.17 +0.399713 +C.399170 +0.39834;;
'18647 +48.530 12.28 -C.[]32 -0.30 -0. c 37 -2. 12 -C.041 -C.2f, +0.361040 +0.361574 +0.361bI7

64 0::1 66 98627 +14.916 17.03 +G.OCS +0.04 +0.<11" +C.23 -0.00<1 + 0.71 +0.117901 +0. 1186I'J +0.1196C9
9b647 +4C.53C 12.28 -0.027 -8.27 -u .•C 2 5 -0.49 -0.017 -[.Sl +0. :'-652f 1 +C.5b(;lf,J +l1.566~75
98632 +52.791 Jl.24 +O.J1C +0.15 -0.C02 +0. ~4 +u.C~2 -c.', ~ +0.272172 +(":.27("931 +0.2733,,)b
9,,653 +22.404 42.57 -O.~15 -0.14 -0. C 17 -0.31 -G.CQb -:".4? -:0.;:>66197 -[;.<:62121 -O.26CJ7Z2
10669 . +4C.C8~ 25.01 +[-.024 +G .23 +C.026 +C •48 +O.CtC +0.66 +C.31C5E-.3 +C.31'J~1V +C.3U9h~O

67 S~ ';'9 93632 +53.791 I~ 1 • 2 ~ -C.829 -0. U~· -c .042 -0. I,,;-0.('43 -:::.12 +[.34117<1 +C.:41b06 +0.341026
90636 +17.155 49.:2 +C.039 -C.39 +G • G 3 7 -c. 47 +0.037 -C.32 +0.237364 +O.23bb49 +0.23631U
96641 +5'3.9t>l 34.75 -=.~111 +0.33 +8.UC2 +-C •43 +O.[lCl +C.?7 +r:.C~88"4 +C.C~74Q3 +C.J96GP5
93624 +37 .::'8: 45.88 -,-:. DI.J 5 -u •16 -0.::115 -r..22 -0.01~ -0.20 "C.C21t:H)J +().C2193!:l +c.r2?5~9
95622 +:?2. 6[: 1 44.36 +C'.UC~ +0.27 +u .O,2e +0.36 +0.021 +C.33 +[.:'2::;754 +C. 3J2C,~ ') +8.?O~3Cl p:

7ll 71 72 981392 +47.759 '.J 5.79 +::-.D07 -C. 27 +C .:J 1 2 -C.05 +0.005 ·C.O! +C.340678 +C.3413°3 +O.342G29 0
0562.7 +14.91(.. 17.~ 3 -('.048 -0.23 -0.C40 +:.22 -0.033 +0.£:7 +('.2:;2991 +0.25<:148 +C.2514CU tTl

I:l:l
92 6 12 +49.05(; 1 -r -r'.., +0.058 -0.01 +0.C55 -C.23 +0.0Q(J -0.71 -C.r'l20G3 -C.C42113 -0.042291 tTl-' II... L

::t93642 +22.6[' 1 44.36 +c.Ule; +0.32 +::.011 -0 ',e,7+0.0:3 -C.3::· +C.Sl49c4 +::.S14ca~ +S.513Lt37 0'1[;593 +48.929 12.96 -1'.036 +0.20 -0.C3,,·'+C.18 -0.C25 +G.~7 -'!.Cb£-:"GJ -C.:;Q~517 -J.0<'4576 o
Z73 74 75 'ic5S92 +47.759 05.79 +C.UC'l +C.C9 .•.: .OC ') + C •r~7 +O.CUq .•.C.O? -1.57:4:'8 -1.~c..tblf.j-l.S61777 jtTl

9';'593 +43.92S: 1:.96 -['.ee3 -C. c 4 -G.JG4 -0.C'.5 -0.004 -C.C3 .•.:.?'31d13 +:::.2"4:,~,S +2.267~b4 I 0:, ::0';c:59'1 .~:dJ.14o lLJ .97 -0.015 -C.16 -C. Q 1b -C' • 13 -0.Cl7 -0.14 -1.6(;~3::;S -1.t~~2L71 -1.6E3f:7 'c.
92595 +iJ9.447 1C •14 +C.C02 +C.02 +G.OU2 +0.02 +0.(1[;2 +[.:2 +3.5:-74:::3 +3.;447:17 +!.S31f:t::7 <
98592 +47.759 C5.79 +0.:108 +8.CC) +:i.~G? +r:.C7 +C.1::09 +~.ce -1.::7:4c6 -l.".cc&lL' -1.561777 -e

::0
76 77 73 ge593 +48.929 12.96 +[.004 •C .15 -c .809 +~.L7 -C.CUR .•. " •.~ c: +1].297373 +L.21.j753~ +C •29766 'I 0L.L.~

93580 +:53.376 Db 016 -0.037 -;:;.33 -C.O"::'l -~ • 24 -0. [d 1 -C.33 +0.1d67:5 +C.1IlibCtl +C:.lS8"C:S
...,
:;9t 592 +47.759 05.79 +(1.03<' +C.w 9 +[J.C44 +:::• 13 +0.C54 +C.29 +C.199116 +2.199376 +0.199571 o

96622 +22.6LJl 44.36 -C.DIS -0. 1C' -J .ce s -[ .10 -O.OlC -[.14 +0.1932-79 +[.1924"3 +8.19139£ ::t
I98595 +]9.447 i e .14 .•.!"'. oJ l? +0.25 -C.r:Cd +r:• 14 -0.C04 + U .1 3 +C.122S7o:: +O.123cr3 ·0.123[76 I:l:l

79 o ,J S 1 9G58C +53.376 Cb.16 -::.032 -0.53 -D.G~'~ -::.52 - O. 0.2'~ -C.5F. +0.3434:2 +=.~4~,li7 +C.347C.S~ tTl
Z98593 +43.929 12.96 -0.017 -0.07 -0 • C 1 ~ -[ • lJ9 -0.C12 +G.e? +11.3C4974 +~.~~:.23934 +['.3C2c.:·5C Vi

'10592 +47.759 .)5.79 +n.051 +C.37 +O.~Lt4 +:.41 + C. C ~,'3+ l 01 7 +['.24C'=:c-: +C.Z:.t:.'26L +[.t'4G,41 ::t
tTl'l8591 +43.744 37.24 -o .(114 "'0.4') +0.015 +0.45 + C. 0.1C' +0.05 +[:.1()3C(6 +['.19!9f6 +C.19SL~5 ~

90607 +33.419 27. 34 -~.U16 -G.25 -U.015 -r:.25 -0.014 -l.2F -C.C;;17c7 -C.C~·:3~59 -fJ.:'O~,(~:
82 03 34 9855C +36.977 J7.23 -C.006 -0.e8 -0 .o C 9 -0.09 -0.011 -~.C5 +0.235745 +C.2.H,7:.4 +:'.<:37783

9858:: +58.8[2 12.50 -C.{J(j3 +0.01 +O.OC: +C •C 1 +C.C:';: + r ,"'-' + [, • 1t· 9:: 3~ +~.169C{;t' +C.HQS~7~..... ~
'13592 +47.759 05.79 +2.013 -8.08 -0.01 J -2. 11 -ll.nI3 -[ .1 C +O.1913S5 +:::.1'iL::31+~.19':'(,4C:
98594 +5C.746 14.97 -C'.034 -0.1 'l -C •J 2 2 -C. 19 -0.n24 -c.es +:'.1'17611 +C;.1974"~ +[.197[::2
96530 +53.376 C6.16 +0.031 +0.34 +8.C3~ +C .38 +0.04t, +C.23 +8.205611 +C.<:oc747 +C.20Sb~2

85 AE; 87 9cl544 +16.UH3 1C .83 -C.C:)1 -0.01 -0 • G C 2. +C.O;': -O.C("O -C.C3 -0.11614" -C.l156.?C -:J.11~5C5
98530 +33.376 J6.16 +0.016 -0.06 +G.C1S -0.11'+0.017 -l;.14 +0.704082 +C.70:?222 +0.7:]2611
985~C +36.977 07.[J3 -['.040 +0.17 -0.037 + C •27 -0'('43 + 0.3. ':; +0.27'+018 +('.::73SlC +C.27::eC4
9a5~7 +29.636 27.31 -C.lJG7 -0. C1 -0 .012 + C •04 -0.C05 -0.C7 .0.123690 +C.1239~5 +0.124104
98528 +29.725 48.85 +0.031 -0. C <;> +0.036 -C.21 +0.031 -8014 +C.C14359 +C.C147~3 +[.014985

88 89 90 98528 +29.725 48.&4 +0.03C -0.10 +0 .031 -C.Ol +0.040 -0015 +C.020572 +0.C212ru +0.('21742
98527 +29.636 27.31 -G.OOS +0.08 -0. C 0 9 -C. 10 -O.Dlll +C.88 +0.136324 +0.136736 +0.1369"'2

50C008 +01.2U6 30.85 +0.019 -O.O:? +0.019 -0. 11 +0.(118 -C.07 ·0.633999 +r.b326~9 +n.6315~6
98550 +36.977 07.03 -(1.03£ +C.01 -0.037 +G.25 -0.034 +l:.12 "O.:n2~79 +0.312'249 +0.312218
985"4 +16.tHj3 10.83 -0.003 +0 .G 2 -0.003 -C.03 -0.00 (, +0.03 -0.103474 -0.102843 -O.lC2L'9h
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PRECISE MINOR PLANET POSITIONS OBTAINED AT ESO-·LA SILLA IN FEBR UA.R Y 1985
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() ;;.' (i Lj r--: e- I ;.J ~, :'--J '':1 _:, "') ,....f ~ ....-i f J ~ ~ , 1 r··)

::..J .--1: t-rJ tv , f"\.o .-- r: !'.•. _ f\, ..-' .•..•, ~.: CJ r ;, L...' ~I .:t. . .
( , i....J '..I c . lJ C; i..:' LJ C' ;..) L; C, C.l ..:. c.: c . J :_.i ~.')
• + 1 1 + + • + + • 1 + .,. + + , + + • •
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~ Table 2 (continued)

DI:lSf.RVATIOIIS NO SAD POSITIONS USED SlAR RESIDUALS DEPENDENCES
S • • S •• S • • S ..

119 120 121 98632 +58.791 01.24 -0.021 +0.23 -0.028 +0.37 -0.020 +0.31 +0.240587 +C.2'l096S +0.241357
98647 +40~530 12.28 +0.003 -0.05 +0.007 -0 • 1~ +0.002 -0.10 +0.44447, +0.441145 +0.437943
98636 +17.155 49.52 +(1.036 -0.31 +0.0\31 -0.28 +0.038 -0.23 '+0.1'l5482 +0.146262 +C.147[J31
98631 +56.395 22.30 -0.001 "0.04 +0.011 -0.25 -0.005 -0.21 +0.078688 +0.060711 +O.OA2341
98641 +58.961 34.75 -0.017 +0.18 -0.022 + 0.28 -0.016 +C.23 +0.090572 +0.090917 +O.0913zc,

122 • ? 124 98631 +56.395 22.30 +0.061 -0.27 +0.052 -0.39 +0.032 -0.51 +0.3840Z5 +0.38:443 +:1.3fZ67EJ. •.•.~

98632 +58.791 Cl.24 -C.002 +0.27 +O.iJOI +C.06 +0.012 -0.37 +0.022971 +0.0~'1339 +O.C1941t
98627 +14.916 17 .03 -C.072 -0.06 -0.0 66 +0.40 -0.058 +1.18 -0.010166 -0.010817 -0.r11427
98612 +49.050 13.02 +0.052 -O.CQ +0..046 -0.31 +0.035 -0.65 -0.004116 -0.0031<)9 -Cl.rC2f]2C
98622 +22.601 411.36 -('.039 +0.16 -0.034 +0.25 -0.022 +0.35 +0.607285 +0.E-09273 +G.f.,113~.4

125 i26 127 9859"2 +47.759 05.79 +0.OC8 +0.09 +0 .009 +0.07 +0.009 +O.OE -3.C94C96 -;.035717 -3.C7704!,
98593 +118.929 12.96 -0.003 -0.04 -0.004 -(\.03 -o.no" -t;.G3 +3.e81205 +3.87220,: -3.863770
98594 +50.7116 14.97 -C.015 -0.16 -C.01b -0.13 -0.017 -0.14 -3.244218 -3.236914 -:?:.22~3i'4
98595 +09.447 1 (I 014 +C.002 +0.02 +0.002 +0.02 +0.002 +0.02 +6.551205 +6.~,3H~6 +6.~21~Cl p::
98592 +£17.759 05.79 +0.008 +0.09 +0.009 +0.07 +0.009 +0.C8 -3.094096 -3.CSf,717 -3.077£43 012'3 129 130 98593 +48.929 12.96 +(1.004 +0.15 -0.009 +C.07 -0.008 +0.05 "C..l~6613 +0.137119 +2.1373F.4 t'l

1:1:'98580 +53.376 06016 -0.037 -0.33 -0.021 -0.24 -0.(;31 -0.33 "'0.019192 +0.02C148 +C.021C~b t'l
98592 +47.759 05.79 +0.036 +0.0.9 +0.044 +0.13 +C.054 +0.29 +0.1432'd +0.1435"= +[}.14391;c ;J:
98622 +22.601 44.36 -0. 015 -0.15 -0.CC5 -c. W -O.OlC -0.14 +0.500560 +0.499SS0 +O.4';175~7 8
98595 +[9.447 10014 +0.012 +0.25 -0.008 +0.14 -(;.004 +U.13 +(1.200144 +(,.2~CDR4 +C.2'081uC Z

t'l
131 :E 133 9858" +53.376 06.16 -[1.032 -0.53 -0. o 30 -C. 52 -0.[:2:1 -0.52 +[J.n192:.7 -n.rz i ar i 'CI.02?979 ~98593 +4&.929 12.96 -0.017 -0 .C 7 -0 •G 15 -0. C9 -r1.G12 +C.D3 +[).4'l2518 +0.4411<OC +O.43?"6b Q.

<:8592 +47.759 J5.7<J +C.051 +0.37 +0.044 + G. 41 .•. r: •. C 3·q +L.l7 +G.?31CP6 +C.231CC9 +C."3C9~5 <
98591 +~3.74q 37.24 .•n.Ol" +0.49 +0 .015 +0 .45 • n , n it, .•.C. 6~· +0.045219 +C-.041.3'~ +O.O4732~ -e
9B607 +~3.41S 27.34 -[:.016 -0.25 -C.JlS -C.25 -0.[11" -U.~~ +C.261919 "C.2t.C2LS •.r.25'l761! I~134 • 7- 136 98592 +47.759 05.79 +0.005 -0 .C 3 +0.011 -c . Q2 +c.ces ':'U.C5 +C.L!9163G +O.4gc42G +0.4b7(;~";.L _,,:>

9SS94 +5J.746 14.97 -P.OGG +0.20 -0. C::;6 +0.21 -0. (:C 3 +c.;::(' ·0.238H1 "'r:.237512 +0.2361CS
98580 +53.370 06.16 -0.005 -C .C q -O.CC7 -C.I0 -0.0(;7 -;':;.07 +C.4727~E .•r • '1 7 t- 7 4.5 +(,.4f;1146 ;J:

I
9359'5 +()9.447 1[;.1" -c.c i i -0.23 -0. 'H4 -C.25 -0. r:1 t, -C.12 -0.[:'99393 -'::.101C:_ -C.I0<'99'7 1:1:'

t'l9&"91 +43.744 37.24 "0.011 +0.15 +C .Ll 17 '0. IS +O.Ql:' +0. If] -O.lC3776 -::.1026:::1 -O.1(J133~ Z
137 i.l8 139 98544 +16.083 lC!.83 -0.001 -0.01 -O.OC:: +('.00 -0.('00 -C.03 -rT.Gb2CC7 -r~·.C:t·1467 -0.060942 c;:;

98580 +53.376 06.16 +C.016 -0.06 +C.OE -(;.11 +C.017 -0.14 +C.g3:;3~4 .• r:.f,3~C1P7 +(.832271 ;J:
t'l

98 :;5 '} +36.977 07. a 3 -C.D4C +t).17 -0.037 +C.27 -0.043 +8.39 +O.2767E, +r'.271:t>:'1+[.276505 ~
98527 +29.&36 27.31 -G.n07 -:)•C 1 -ij .0 1Z +0.04 -C.C05 -L.07 +0.0199:6 + [ • C' 1 c 906 +::1.820148
935':8 +29.725 46.65 +G.'l31 -0.C9 +<:.03& -0.21 +0.C31 -C.14 -0. o b f ~~,7 -r.L:fJ?26b -O.('t79F2

l41) :41 142 921528 +29.725 48.84 tC.03D -0 •1.0 +0 .0 3 1 -r;•01 +0.C40 -~.15 -0.[74::<,1 -C.r7<1'4" -C.[P;:71
9C!527 +29.636 27.31 -0.008 +C.G8 -0 .C [9 -C. 1G -O.OlE +C.08 +[:.C1<:9[' ·C.C~Clc~ +C.C22395

:;:]0008 +01.206 3C .85 +[.019 -0.02 +0.019 -0.11 +C.018 -0.07 +0.77['798 +- C • 7 t,; '.: ~' e E +r.76?G53
9855C +36.977 07.03 -0.035 +0.01 -C. C 37 +0.25' -0.r34 +C.12 ·r:.32~}166 +O.324;:JfS +C.!;C4bC'4
98544 +16.083 10.83 -C.003 +0.02 -0 .CO 3 -r.03 -0.026 +Q.03 -O.fJ!41115 -f:.('liG51::: -n .•03'f7!'1

14 ~ l44 1'15 98527 +29.63& 27.31 -0.016 +0.C7 -D.014 +0.08 -0.(100 -0.12 +[.[,64473 .• C' • ~~(.,4 75., +C.Ob5C~3
98528 +29.725 48.84 +0.038 -C .18 +0.040 -0.16 +0.0::2 +L.~:3 "C.C197f8 -C.C':~~316 "O.Q205~1
98544 +16.083 10.83 -0.005 +C .0" -O.OOS +(.()3 -O.OJ1 -[.03 +C.,-~07885 +C.CBf569 +0.08932E

SOOO08 +01.206 30.85 +0.019 -0.10 +0. G 2 3 -0.07 +0.019 -C.09 +0.555397 +::;.5~41e9 +[.552913
98550 "36.977 07.03 -0.O3!:: +0.18 -U.045 +0.12 -0.040 + C.'21 +[.272476 +(1.272169 "0.271865

146 ].117 14 a 98550 +3£:.977 07.03 -0.019 -0.45 -0.019 -0.68 -C.CO~ -0.42 +('.~84194 +0.4632('7 +C.41'2159
98544 +16.083 10.83 +C.008 +0.43 +0.009 +C.59 -O.OOS +G.38 +0.3350[3 +0.334574 +0.334732
98520 +34.704 29.69 -0.018 -0.53 -0 .0 17 -O. 7B +0.00(1 -~.49 -[1.0401[14 -0.[392(15 -O.C3R201
98528 +29.725 118.84 +0.042 +0.19 +0.038 +0.46 +0.0;::7 '0.24 +[J.16iJ3J7 "0.160307 +0.1602f.8
98522 ." 1 • 70Q 1n_,::> -n.n1~ +n.~7 -0 .01 1 +0.41 -0.020 +0.29 +0.060590 +0.06nA17 "'O.O~1[l?7

_'fu:;;;;;t;;;;_;i~·;;r;;;;;;;i;,;;l:. ;,;;;';:: :;'::::;:r ::~,;);;.:$ $::*- " :' ::. :; ::) : ; :~:,: :::I::::"::.j ::., :: :_:::::

.;::~,,;"'..' -~~.- ~~_"~~~~']
ph .7',.



Table 2 (continued)

OU"EPVATION" NO SAO POSITIONS USED STAR RESIDUALS OEPENDENC[.5
S .. S .. S .. S ..

149 15') 151 98520 +34.704 29.69 +0.026 -0.78 +0 .il 11 -0.49 +C.026 -U.LJ5 +0.591958 +0.592004 +0.592358
98528 +29.725 48.84 +0.017 +0.58 +0.,020 +0.36 +0.005 +0.40 +0.650772 +0.649776 +0.648692
98527 +29.636 27.31 -0.852 +0.22 -0.038 +0.15 -0.037 +[.[4" +0.469514 +0.'168586 +0.'167'188
98515 +13.845 17.81 +0.0'10 -0.':'5 +0.023 -0. '12+0.033 -0.3'1 -0.33'1473 -0.334317 -0.33"090
98501 +03.367 14.36 -0.031 +0.63 -0.016 +0.40 -(;.(';:7+C.35 -0.377771 -0.37fC48 -C.37'1449 "tl

:;0152 153 154 98502 +05.207 03.18 -0.023 +C .47 -G • C 31 +0 .37 -0.028 +0.16 -0.022687 -0.0217",2 -0.020936 t'l1
.8501 +03.367 14.36 +0.025 -C.26 +0.037 -0.21 +0.031 -C.G8 -0.290466 -0.2894C:;8-0.288571 0
18520 +34.704 29.69 +0.004 -0.33 +0.002 -0.13 -c 012 +C.e57541 +0.E57452 +C.857303 v.>+C.004 t'l1
98528 +29.725 48.84 +0.005 +0.38 +0.013 +C .15 +0.007 +C.14, +C.523465 +C.5222~7 +0.521144 ;=:
98522 +41.799 LU.32 -0.011 -0.27 -0.021 -0.06 -0.014 -0010 -0.('67854 -0.068469 -C.068940 Z

155 .i.56 985t.J2 +05.207 03.18 -0.050 -0.08 -0.056 -0.24 +00142729 +0.142942 0
:;098501 +03.367 14.36 +0.016 -0.55 +0.004 -0.41 -0.125551 -0.125296 -e

98528 +34.7U4 29.69 +0.010 -0.05 +0.010 -0.01 +0.995'103 +0.994628 r-
>98522 +41.799 10.32 +0.004 +0.30 +0.012 +0.27 +0.062703 +0.0617C8 Z

98485 +56.022 29.18 +0.019 +0.38 +(;.030 +0.39 -0.075284 -0.0739e.3 t'l1...,
157 158 98501 +03.367 14.36 +0.040 -0.31 +0.039 -C.21 +C0336733 +0.33;;C80 -e

98473 +37.794 28.74 -0.005 +0.26 -0.002 +0.16 -0.437911 -C.4's67&'1 0v.>
98497 +54.407 18.11 +0.008 +0.24 +0.013 +0.14 +0.653780 +0.653233 ':i
931175 +04.148 10.70 +C.005 -C.34 +C.JOl -C.20 .+0.003583 +0.004353 0
985G2 +U5.207 03.18 -C.C49 +0.15 -0.05C + C. i ; +0.441815 +0.441118 Zv.>

15Q 160 161 98641 +58.961 34.75 +(1.005 +0.15 +0.004 +C .28 +0.002 +C.14 +0.307366 +0.307160 +0.306922 0
98631 +56.395 22.30 -0.013 -C .50 -0.007 -0.69 +C.OOO -C.47 +0.069316 +0.0684f5 +C .C67737 t:Il...,
98592 +47.759 05.79 +0.006 +0.09 +0.008 +0.06 +0.007 +0.08 +0.210604 +0.211129 +0.211662 >
98594 +50.746 14.97 -0.009 -0.24 -0.008 .,.C.28-0.006 -0.23 +0.320251 +0.321133 +0.322019 Z
98622 +22.6U1 44.36 +0.012 +0.50 +0.003 +0.73 -0.004 +C.47 +0.092462 +0.092093 +0.091660 t'l1

t:l
162 163 164 98592 +47.759 05.79 -0.013 -0.12 -0.014 -0.17 -0.017 -C.16 -0.031427 -0.030117 -0.028697 >98594 +50.746 14.97 +0.014 +0.20 +0.015 +0.27 +0.020 +0.27 +0.084005 +0.084749 +C.085'197 ...,

98591 +43.744 37,.24 +C.054 +0.03 +0.054 +0.12 +0.049 +C.06 +0.212819 +0.21293'5 +0.212861 t'l1
v.>

98595 +09.447 10.14 -C.065 -0.13 -0.065 -0.26 -0.062 -C.18 +0.274478 +0.274141 +[.273727 0
I98622 +22.601 44.36 +0.010 +0.01 +0.010 +0.03 +0.009 +0.02 +0~460124 +0.45B293 +0.456612 r-

165 160 1&7 98580 +53.376 06.16 -n.026 -0.08 -0 .024 -0.11 -0.026 -0.08 +0.4821'.47+0.486895 +0.491274 >
v.>

98592 +47.759 05.79 +0.015 -0.02 +0.012 -0.03 +0.000 -0.06 +0;063644 +0.061307 +0.059058 F98594 +50.746 14.97 +0.019 +0.17 +0.020 +0.24 +0.043 +0.24 +0.1141'.15+0.113244 +0.111712 t""'
>98595 +09.447 10014 -0.059 -0.21 -0.055 -0.27 -0.062 -0.21 +0.071689 +0.0698"5 +0.068007 Z98591 +43.744 37.24 +0.051 +0.14 +0.047 + 0.17 +0.01;4 +0.11 +0.267405 +0.26e709 +.0.269948 'T1168 169 170 520007 +54.222 56033 -0.009 -0.1 ? -0.010 -0.30 -0.014 -0.29 +0.315594 +0.316275 +0.316968 t'l1

98550 +36.977 07.03 +0.008 +0.11 +0.009 +C.27 +0.012 +0.26 +0.215643 +0.216172 +0.216669 t:Il
:;0

98592 +47.759 05.79 -0.003 -0.12 -0.005 -0.26 -0.011 -0.30 +0.118169 +0.117672 +0"117179 c::
98594 +50.746 14.97 -0.013 -0.06 -C .011 -0.17 -0.010 -0.09 +0.149731 +0.149297 +0:148817 >

:;098591 +43.744 37.24 +Q.O 17 +0.19 +0.017 +0.46 +0.022 +0.42 +0.200863 +0.2005e·5 +0.20030b ><:
171 172 173 98550 +36.977 07.03 -0.005 -0.08 -0.011 -0.06 -0.006 -0.09 +0.957859 +0.<;59350 +0.960874 •...

IC98580 +53.376 06016 +0.011 +0.13 +0.039 +O.Oi +0.013 +0019 -0.103123 -O.l039~O -0.104478 00

'"?a594 +50.746 14.97 -0.033 -0.52 -l] .053 -0.46 -0.033 -0.50 -6.365941 -0.3669P6 -0.368398
98595 +09.447 10014 +0.042 +0.70 +0.037 +0.75 +0.038 +0•.59 +0.022061 +0.021777 +0.021309
98609 +40.636 34.51 -0.014 -0.23 -0.012 -0.25 -0.013 -0.20 +0.489144 +0.489809 +0.490692

174 175 176 98580 ":53.376 06.16 -[].028 -0.48 -0.010 -0.31 -0.023 -0.48 +0.070932 +0.070713 +0.070489
98550 +36.977 07.03 -0.012 +0.16 -0.021 +C.05 -O.OlB +0.09 +0.360427 +0.360713 +0.361150
98592 +47.759 05.79 +0.039 +0.14 +0.039 +0.18 +0.045 +0.25 -0.080314 -0.080780 -0.081250

0\ 98595 +09.4117 10014 -0.017 +0.22 -0.031 +C.06 -0.0.:7 +0.11 +0.056723 +0.056465 +0.056091
Vl 500007 +54.222 56.33 +C.018 -0.04 +0.023 +0.03 +0.023 +0.03 +0.592232 +0.592889 +0.593521



0\ Table 2 (continued)0\

ObSERVA,IIOr.::. NU S AO POSITIONS USlD STAR RESIDUALS DEPENDENCES
S ', S ' . ~ , ,

S ',.>

l77 l18 179 98544 +16.083 10.83 -0.007 -0.01 -0. C 04 -0.01 -0.005 +O.C3 +0.566047 +O.56f.550 +0.561116
98528 +2.9.125 48.&5 +0.040 -0.08 +Q.:=33 +0.14 +0.035 -0.23· +0.182014 +O.1324~5 +O.le:?6'7l
98527 +29.636 27.31 -0.024 -0. G 3 -0, C 16 -('.22 -0.019 + 0.13 +0.051192 +0.051319 +0.C'S14P·l
98550 +36.977 07.C3 -~.018 +0.19 -0.023 +0.22 -O.O.!O +0.1L! +0.145625 +:.14S5G5 +0.145367
9858 o +53.376 06.16 +0.OC9 -0.07 +0.0 ic -0.06 +O.OlC -U.07 +0.055C62 +0.0541'12 +0.053344

LbO :81 182 9<lS20 +34.704 29.69 -0.010 -0.10 +tJ.QCS -C.66 +O.CG7 -C. H: +O.3219~.3 +0.32'1020 +0.330205
96522 +41.799 1J.32 +f).014 +0.46 -0. J 11 +C •50 -0.013 + C. t.i3 +0.('45543 +0.0459';;3 +0.046332
98527 +29.636 27 .31 -0.')05 +0.26 +0.OC9 + C. 17 +0.008 +0.10 +0.024tC2 +0.('I245QO +0 .C2~ 4E;2
9855C +36.971 07.83 -0.006 -0.66 "'0.000 -0.59 +0.002 -C.64 +C.13ge18 +O.13~702 +0.1376'3-7
98544 +16.J83 10.63 +C.O~.g +C.04 -C.CC} +0.59 -G.OOc:, ·[;.67 +C.4Cl994 +0.461725 +0.461543

183 184 185 98544 +16.083 10.03 "C.OCl +0.34 +0.006 +C.47 +0.007 +0.:6 +0.401317 +0.401049 +0.4C8742
9055') +36.977 07.:3 -G.OO4 -C.41 -C.Oll -C.64 -0.011 -C.37 -0.1120&0 -0.113148 -0.114GU;
9£527 +29.636 27.31 -G.010 +0.20 -0.U12 -o .33 -0.006 +[;.13 +0.COC915 +0.0009f,0 +0.000957
qgS;::S +29.725 4:;.85 +8.020 +:].37 +0.032 +0.43 +0.025 +0.33 +0.149097 +0.14'1288 +0.149479 p::98520 +34.7(14 29.69 -0.007 -0.43 -0.015 -0.58 -0.013 -0.35 +0.')6C731 +0.561852 +0.562891

186 187 138 98520 +34.704 29.69 "'C.225 +-0.02 +0.J24 +0.01 +0.022 +C.C4 +C.25~523 +0.254845 +0.255144 0~98')28 +~9.725 48.84 +0.03& "'0.27 +O.C32 + C • 1'J +0.039 +0.:16 +0.076511 +0.076609 +0.076(.54 t;I:I
tt19855: +36.977 07.03 -[.04.9 -0.29 -C.J44 -C.21 -0.049 -C.08 +O.C050Sa +0.G04449 +0.003275 ::I:

98544 +16.~83 lC!.83 +0.021 +0.15 +0.£219 +0. rc +0.0;:.2 +0.04 +0.248164 +0.247531 +0.246983 §ge497 +54.4J7 1S.11 -0.034 -0.15 -C.J32 -0·.10 -0.033 -0.[5 +0.415744 ·0.'I1656b +0.417344
139 19U 191 98489 +12.297 411.06 -C.023 +fJ • C 1 -0.016 + f) .15 -0.005 +0.Q8 -O.Q96421 .-0.096533 -C.['967[2 tt1.,

98528 +29.725 4e.84 +0.021 -C.Cl +0.C!16 -c. 15 +0.002 -[.09 -0.2245t2 -0.2255!:.9 -0.;>26535 ::I
Q.9841.'5 +56.J22 29.18 +['.U06 -O.G 1 +().OO6 -0.03 -C.005 -C.C5 +2.627744 +0.£:28922 +0.630195 :<9&520 +34.704 29.69 +[.017 +J.02 +0 .0 C 9 .-0 •02 +0.017 -C.OO +0.360001 +0.360235 +0.3bC4t5 'l:I96544 +16.:1&3 .1J. b 3 -0.C22 +0.00 -0. U 14 +o .11 -0.010+0.C5 +0.333237 +0.332935 +0.332577 ~

192 i93 19'1 98'1d6 +iJ'I.279 4S.94 -C. G 36 -G.CO -0 .033 -0.24 -0.035 -C.Ol +0.584132 +C.564672 +O.5E;:;~9 0::l98497 +54.4C7 13.11 +C.O~8 -O.C 2 +0.044 +0.26 +0.047 -0 _,J 1 +0.431270 +C •4314.93 +0.431531 ~9C42.5 +56.J2:: 29.10 -2.016 +0.48 -0.011 +0.63 -O.G~O +0.4{', +0.01730C + 0.017288 +0.017172 ::I:98520 +34.7C4 29.69 -C.OC9 -0.15 -0.00 9 -C.30 -0.011 -u .15 -0.046412 -8.0415C5 -0.045549 I
98473 +37.194 28.74 +0.014 -0.31 +O.OlC -0.42 +0.OC9 -\).31 +0.013711 +C.OILtC52 +C.C144f'7 t:J:l

tt1195 196 197 98473 +31.79'1 28.74 +r.C06 -0.08 -C.004 -0. 12 -C.008 -:J.LJ? +C.0425E,6 +0.04::262 +O.C43'tP.7 Z
98475 +Ll4.140 10.70 +0.017 -0.12 +J.G36 -C.02 +0.035 -U.SB +0.5';18.12;:;·::.6C02:U +0.602111 til::I:98486 +04.279 41'.94 -0.039 +0.32 -J.J63 +0.17 -0.0:'1' +O.ZS +11.40671:·2 ·C.4J71S1 +0.407401 tt1
981j97 +54.407 13 011 +[.:29 -0.26 +C.03~ -0.21 +G.029 -U.Z.3 +C.114zcG +0.112';'43 +[.111132 ;I":
981,/,5 +56.L2:: 29. :..8 -[.013 ·0.14 -c vcn z +0.18 +0.002 +0.15 -0.10175<3 -[.1633C5 -(1.104631

198 ;'97 20,) 91:629 +38.776 52.e3 +C.Di2 -0. :34 +O.JG6 -C.02 +0.014 +0.G4 +0.657309 +2.6555'19 +O.6~:"173
92628 +2';.324 45.24 -C.G23 +C.64 -c.812 +0.04 -c.a:7 -l.C6 +(:.337891 +C.!37SCb +O.3;·"!src
98612 +49.1]5J 13.02 +C.006 -0.06 +[;.002 +0.04 +0.003 +O.C4 +D.337751 +0.34142'+ +C.34~195
986<:7 +14.916 17.03 -r:.OJ5 -0.18 +[.:)00 -0.15 +0. GO~; -C.09 -0.042741 -0.U42647 -D.042563
91!632 +58.791 01.24 +C.OOQ -c .0 6 +C.J03 +0.08 +0.004 ·C.07 -[.290210 -0.291942 -ri.293t:C6

cOl 202 203 95612 +49.050 13.02 +0.022 +0.35 -t, •C 50 +0.49 +O.O~O +0.31 +0.468419 +0.48662:' +C.48o,767
98593 +~o.929 12.96 -C.010 -0.16 -U • G 2 3 -0.2.3 -0.014 -C.1.4 +('.328170 +('.329[,01 +0.331140
98627 +14.916 17.03 +0.011 +0.03 +O.G09 +C.C9 +0.00& +C.21 -fi.777996 -0.77977U -0.781220
93628 +23.324 45.23 -O.C28 -C.13 -J.l29 -r:•23 -0.r.;::3 -0.53 +0.I21C68 +0.120635 +C.12C18U
98629 .+33.776 52.83 +t:.•DO ", -(;.09 -0.007 -0.07 -0.0:11 +G·15 +0.'l40339 +G.54071J +0.840733ZD4 20 ~ 2L1b 98622 +22.601 44.36 +0.002 -c. 0 B -C.OC3 -0.1':' -0.005 -0.88 -0.516409 -C.51676F -0.517173
985£:.3 +S8.I:IO~ 12.50 -C.007 -G. 1Q -0.014 -0.25 -0.018 -0.22 +0.65291'4 +C.654C47 +C.655115
95593 +48.929 12.96 -0.812 +0.17 +C.OCl +G.23 +0.004 +G.13 +0.237;::66 +C.237<;~9 +C.23F6f.4 -~~.-,..-......,.~----.J98612 +49.050 13.02 +0.048 +LJ.:::2+'J.039 +0.25 +0.044 +0.30 +0.349311 +C.34Q5~1 +0.34';16198628 ·23 ..324 45.23 -0.02.9.-0.11 -O •.O~3 -0 ..12 -0.026 -O_~l ·0."776347 +(;.275281- ·0 ...274232

$@ .#W9W%. SA UW 4-~..- -.



Table 2 (continued)

v!.SL.:f.?V,'\TIONS ',0 SAO f'O::'ITIC'JS US,-O :>TAP r e s r r.u ec s C-c.-f)t: N()Efl...Ct... c:

5 .. 5 .. 5 . . 5 ..
e a r ;:08 :?::9 ~c~92 +47.759 05.79 +G.G14 -C.G 5 +L .L r ~ +C • C~ +0.OC8 -C.L7 -O.A5b764 -C.E577"6 -0.85'673

9 C 5 ~'l + J6. f) 7 7 C 7.L 3 -C.Ol1 -t.l£! -[J • OC:' -C. 14 -0.0e'9 -G.I0 '+O.417f.,5::' +0.41,31..10 +0.419645
9E612 +41). 'J5() 13. ';2 -nvu ; e -0.;; 3 -U •L'O7 -G.2U -O.r.l" -O.2~ +O.14~959 +0.14:'21>2 +(.144657
'';6593 +4J.9L9 12.9& -(.CUb +U.4f- -C. Cr: 2 + r:; • 37 +(1.(,C3 +C.~2 +C.242996 +0.2'12916 +C.Z42&78
9:503 +58.dJ~ 12.50 +L.Ol<i -O.L ~ +C.CC(3 +G.C.3 +C.011 -L.11 +1.C50155 +1.::SC9:-'b +!.O51&93 I~i18 ':11 l.2 5 ,:Q006 +5b.6~(' 12.99 +0.003 ·C.G4 +O.~S4 + r; • 85 +o.ruE -L.G1 +C.6E.Sc..57 +C.(067'53 +C.H76?1
905S3 +!)8.0 L.? l.2.!JL -(1.001 -O.~4 -C.GCb -C.25 -o.ces -0.C6 +C.228111 +l:.2~S~4u +C.?P7b73 ID
QZb12 +'19.C 5u 13.C2 +0.007 -L .00 +l.OC" +O.Cr. +(;.(,17 -L.O~ +r.r90371 +C.CcC42€. +C.CcI'462 I~98593 +4~.929 12.Q6 -n.0111 +O.2~· -a.u i i + ': • 2c~ -0.C~3 +i:.l" +J.C99Sf':,J +C.C99~:>: +J.C9C;743
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OBSERVATIONS A LA LUNETTE ZENITHALE (DE 110 mm) DU
SERVICE DE LATITUDE DE L'OBSERVATOIRE DE BELGRADE

EN 1981, 1982,1983, 1984,1985

R. Grujic, M. Djokic, R. K.rga, S. Segan et N. Djokic

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: December 28, 1988)

RESUME: On presente les valeurs de latitude ansi que quelques donnees mete orologiques
prises au cours d'observations.

Les valeurs observees de 'P (Tableau I) sont reduites
ilamanieredeja signalee (Sevarlic.B .• Teleki.G .1959) mais
sans tenir compte des erreurs progressives et periodiques
et decoefficient de temperature (Milovanovic, V et les
autres,1970).Les reductions ont ete faites dans le systeme
FK4 et on a applique les corrections des declinaisons

presentees dans Ie Tableau 2 (Grujic, R. et les au tres.1975)
La valeur du tour de la vis micrometrique adoptee

etait: R = 40:'0660 (Grujic, R., Teleki, G., 1984 et
Djokic, M~ 1985). La meme valeur doit etre utilisee
aussi lors de la reduction du materiel d'observations se
rapportan t a I'intervalle du temps 1971.0-1981.0.

Tableau1. - Les valeurs de latitude ansi que quelques donnes metecrologiques au COUIS d'observations

DATE -- (lES. Tz Ti ~a crb CfdC Ii'v Bo GH.
44° 48'+

1981
I 17 1981.046 - 3~4C t. 2~6C - 3~5C " " "ItG 735.3 I 10.~45 10.343

2:) .osg R" 2.8 2.4 z. 8 745.9 1, 10.i.L74\.1

.070 hG - 4.1 - 3.8 - 4.0 71+'-1·.7II 10.468 10.471
II 1 .089 t"tG 4.3 1.5 2.1 751.6 II 1°.253 10.267 10.260

3 .094 :~G 7.1 4.0 4·.8 735.5 II IV.333 10.372 10.352
22 .146 RG 3.0 2.0 2.6 739.7 II 10.401 10.401
26 .157 I'iD - 2.t - 102 - 2.2 745.6 II 10.443 10.315 10.379

III 5 .176 HG 2.0 1.6 1.8 741.6 II 10.379
.176 t"tG 1.8 0.8 1.0 742.0 III 10.343 10.;;;61

7 .182 IVJD 9.6 7.2 7.3 74·6.6 II 10.408 100408
14 .201 RG 8.2 7.7 7.7 736.8 III 10.41~3 10.353 10.398
21 .220 HG 9.0 7.5 7.4 .738.2 III 10.449 10.396 10.422
23 .226 Ivm 12.4 10.2 9.9 737.9 III 10.523 10.262 10.392
28 .239 HG 8.3 9.9 8.8 740.1 III 10.311 10.254 10.282

IV 4 .258 RG 6.8 7.1 6.4 '740.8 ill .10.521 10.521
7 .267 RG 11.6 11.8 H.l 743.2 III 10.408 10.335 10.372

12 .280 RG 13.0 12.1 H.4 745.6 III 10.445 10.186
.281 RG 12.0 10.7 1006 745.4 IV 10.210 10.280

13 .283 I'ID 15.7 13.7 13.5 744.8 III 10.355 10.355
22 .308 f'1D 11.2 10.8 10.4 736.8 III 10.315 10.315



1982

I 13 1982.036 RG - 6.5 - 3.5 - 5.1 754.8 I 10.2v5 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.u - 1.8 747.8 II 10.232 10.365 10.298
18 .134 RG - 0.0 - 0.3 - 0.9 743.3 II 10.25° 10.284 10.267
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Table 1 (continued)

DAlE -- uBS. Tz '.i'i 'Tv era crb CfdL Bo l~lt•

30 .330 RG 11.0 9.9 9.6 731.9 IV 10.569 10.569
V 10 .357 RG 12.8 13.4 12.8 736.1 IV 10.172 10.490 10.331

19 .382 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 10.334 10.522 10.428

VI 4 .425 RG 24.9 2408 24.0 735.9 IV 10.268 10.552 10.410
27 .489 MD 18.0 20.0 18.9 741.3 V 10.171 10.171
29 .494 MD 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 100423 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 10.365 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 10.321 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 t'ID 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 10.236 10.294
25 .817 RG 4.0 6.0 4.9 742.6 VI 10.287 10.189 10.238
29 .828 RG 8.4 8.0 7.6 746.2 VI 10.276 10.276

XI 5 .847 HG 11.6 1.0••7 10.4 741.6 VI 10.286 10.271 10.278
21 .891 RG 8.9 7.4 8.2 747.5 VI 10.147

.891 RG 8.2 6.6 6.8 747.4 I 10.204 10.176
23 .896 MD 12.4 9.6 lu.O 744.4 VI 10.079

.896 MD 10.7 8.6 8.5 743.5 I 10.059 10.069
XII 4 .926 I'!D - 2.1 - 0.8 - 1.4 734.2 I 10.212 10.242 10.227

21 .973 RG - 7.0 - 4.7 '- 5.7 735.7 I 10.188 10.187 10.188
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Table 1 (continued)

DAd --- Tz h ~a Cfb ~,L \~lI),) • ',L'V Bo lTLt. ,Q
----

28 .162 RG 1.4- 0.3 0.2 74-1.9 II 10.4·64- 10.394- 10.4-29
III 4 .173 HG 7.0 5.0 4.8 739.3 III 100286 1°.224- 10.255

8 .184- hD 1.3 2.1 1.1 74-6.2 II 10.253 10.253
9 .186 RG 3.5 2.6 2.4- 74-2.9 II 10.319

.187 RG 2.6 1.2 0.9 74-3.0 III 10.399 10.359
16 .206 RG 4-.4- 3.8 3.6 74-1.4-III 10.394 10.394-
24 .228 MD 0.6 1.6 0.9 753.1 III 10.299 10.365 10.332

IV 1 .250 RG 7.0 7.4 7.0 74-2.8 III 10.4-30 10.231 10.3~0
5 .260 I-m 11.1 11.6 10.9 744.0 III 10.504- 10.504
8 .269 RG 17.1 15.7 15.6 731.8 III 10.346 10.196 10.271

V 3 - .337 RG 17.0 14-.9 15.0 741.2 III 10.331
.337 RG 15.4- 13.5 13.8 74-2.0 IV 10.257 10.294-

16 .373 RG 15.6 16.4- 15.4- 74-0.7 IV 10.264- 10.554- 10.4-09
18 .378 RG 19.1 19~0 17.9 74-1.0 IV 10.526 10.4-70 10.498

VI 1 .4-17 RG 19.2 20.2 19.1 74-5.3 IV 10.621 10.621
8 .436 RG 16.0 19.6 17.4- 741.6 IV lu.583 10.583

VII 3 .504 RG 19.8 21.3 20.3 739.7 V 10.4-80 10.526 10.503
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 V 10.457 10.447 10.4-52
21 .554- RG 25.0 24-.7 23.6 74-0.0 V 10.554 10.4-76 10.515

VIII 12 .614- RG 21.3 22.0 20.6 742.0 y 10.4-61 10.481 10.4-71

IX 5 .679 MD 22.4 22.4- 21.6 74·3.2 V 10.582 .
.~80 MD 20.6 20.2 19.6 74-3.4- VI 10.535 10.558

14 .704 l'lD 20.9 21.3 20.5 74-3.0 V 1°.34-3 10.34-3
19 .718 MD 19.4 19.1 18.4- 74-2.7 VI 10.313 10.313
20 .721 HG 18.4 18.4- 17.9 74-2.0 VI 10.54-8 10.338 10.443
23 .729 RG 20.0 20.5 19.6 735.2 VI 10.406 10.l~72 10.439
28 .74-2 RG 21.1 20.9 20.2 741.7 VI 10.444- 10.333 10.388

X 19 .800 RG 16.2 14-.8 14.6 74-2.5 VI 10.333 10.333
22 .8li8 ND 14.2 13.8 13.4- 74-0.8 VI 10.265 10.128 10.196
26 .819 RG 11.4- 12.6 11.7 74-3.8 VI 10.313 10.288 10.300

XI 9 .858 RG 6.1 5.3 5.1 74-3.2 I 10.220 10.156 10.188
11 .863 sc 7.4- 7.6 7.5 74-9.9 VI 10.4-20.I..T

.863 RG 6.6 5.3 5.0 74-9.9 I 10.303 10.362
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Table 1 (continued)

DATE .--- OBS. ~a lfb 1dC. Tz 'Ii 'I'v Bo GR.
18 .882 RG 1.2 3.0 2.0 740.0 I 10.244 10.215 10.230
21 .890 RG 6.4 6.0 5.4 751.0 VI 10.170

.890 RG 5.6 4.8 4.4 751.0 I 10.099 10.134
22 .893 r-iD 6.4 5.0 4.8 750.2 I 10.024 10.205 10.114
25 .901 RG 11.7 9.2 9.5 7'+1.1 I 10.213 10.167 10.190
26 .904 I'in 2.8 5.0 4.1 7;,9.0 I 10.329 10.197 10.213

XII 2 .920 RG 3.8 4.8 4.0 '747.4 I 10.1'<; 10.11~) 10.144
16 .95'1 RG 8.8 7.0 8.0 '132.1 I 10.053 1".053
20 .970 \vlD 2.1 2.4 1.8 '732.4 I 10.024 9.(:;66 9.945
30 .997 RG - 3.e - 1.4 - 2.6 T.l9.4 II 10.2'70 10.2'70

1983

I 9 1983.024 HG 1.4 2.8 1.6 753.5 II 10.124 .10.130 10.127
12 .033 RG 6.1 3.8 3.9 752.e II 10.111 10.104- 10.108
18 .01+9 RG 11.9 7.1 8.Lj·734.1 I 9. EY?6

•.049 RG 7.8 6.5 6.8 73l~.4 II 10.179 10.085 10.047
25 .068 RG 2.8 204 1.8 755.5 II 10.166 10.209 10.188

II 1 .087 HG 4.2 3.4 3.5 734.0 II 9.953 10.058 10.006
3 .093 l'1D - 0.4 0.2 - 0.4 745.1 II 10.058 10.121 10.090

25 .153 rvlD 0.6 0.0 - 0.2 752.1=} II 10.070 10.070
26 .156 HG 4.4 1.'8 1.6 744.8 II 10.091

.156 RG ~~.1 1.4 2 .;~ 7l~3.1 III 10.053 10.072
III 8 .183 RG 9.6 8.4 8., 745.8 II 10.188

.183 RG 8.0 7.0 6.9 745.8 III 10.092 10.140
10 .188 no ·12.8 10.8 10.8 742.2 II 9.989

.189 ED 11.1 9.4 9.3 '741.6 III 10 '<:'83 10.036
12 .194 RG 0.9 5.9 3.6 750.2 II 10.123

!194 RG - 1.4 2.0 0.2 751.8 III 10.113 10.llE
15 .202 hD 6.1 fi.4 6.1 741.l.J.II 10.114

.202 1'iD 5.5 5.0 5.0 740.7 III 10.085 10.lOC
24 .227 RG 10.6 10.0 9.8 733.5 III 10.19C1 10.J.C)~

IV 10 .274 RG 15.8 16.2 15.2 740 •.1 III 10.162 10.117 10.14C
17 .293 RG 9.6 9.3 8.6 740.2 III 10.276 10.149 10.21~
24 .312 RG 18.2 18.4 17.6 735.0 III 10.107 10.10~

V 3 .336 RG 16.6 17.4 Hi.l 736.8 III 10.128
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TIbIe I (continued)

DUE .--- UBJ. Tz Ti CPa crb Cfac. 'i'v Bo GR.

.337 RG 13.6 14.7 13.7 737.9 IV 10.124 10.126
5 .342 RG . 10.8 13.6 12.2 741.1 IV 10.103 10.103

10 .356 RG 11.9 12.8 11.8 732.2 IV 10.286 10.300 10.293
12 .361 HK 19.1 18.4 18.2 737.7 IV 9.900 9.900
17 .375 RG 20.5 21.0 20.3 738.4 IV 10.170 10.222 100196

VI 2 .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

26 .485 l'1D 22.7 20.8 20.1 740.4 V 10.420 10.420
VII 6 .512 hD 23.4 23.0 22.4 741.0 V 10.390 10.523 10.456

18 .545 RG 24.1 24.4 23.6 741.8 V 10.503 10.562 100532
21 .553 HG 12.7 15.2 14.4 743.1 V 10.661 10.661
26 .566 RG 21.5 23.2 22.2 741.4 V 10.493 10.473 10.483

VIII 5 .594 88 16.0 17.5 15.8 738.4 V 10.700 10.700
7 .599 8S 18.4 19.0 17.9 738.8 V 10.559 10.642 10.600

10 .608 l'1D 22.6 23.0 22.4 736.6 V 10.461 10.583 10.522
15 .621 1"1D 17.6 19.8 18.3 745.2 V 10.396 10.619 10.508
23 .643 HK 23.2 24.4 2'3.2 741.8 V 10.670 10.670
28 .657 RG 23.9 22.4 21.3 740.8 VI 10.649 10.583 10.616

IX 1 .668 RG 19.9 21.0 20.1 740.•9 V 10.559 10.559
2 .670 l~iD 21.0 21.9 21.2 739.3 V 10.676 10.676
3 .673 RK 23.2 23.2 22.6 736.9 V 10.530 10.530
6 .681 RK 19.0 19.8 19.1 740.8 V 10.587 10.587
8 .687 RG 13.9 15.5 14.2 741.5 V 10.704 10.704
9 .690 i'lD 22.6 20.b, 19.9 738.6 V 10.737 10.737

10 .692 HK 26.4 24.2 2L~.0 736.6 V 10.567
.693 HK 24.6 22.4 22.3 736.4 VI 10.704 10.636

13 .701 RK 13.6 15.7 14.6 744.4 VI 10.742 10.742
14. .703 38 19.2 18.9 18.5 743.6 V 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 S8 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 10.894 10.682

.739 RG 13.2 12.6 12.1 746.9 I 10.843 10.806
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Table 1 (continued)

DA'J:E -- UBS. Tz Ti era crb ~dc 'I'v Bo GR.

28 .742 SS 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 10.496
6 .764 RG 18.5 18.2 17.8 742.0 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 11.6 741.6 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 10.5l4
14 .786 J'>1D 12.5 11.4 11.2 746.2 VI 10.547 10.547
15 .788 RK 12.8 13.5 1208 744.1 VI 100625 10.625
16. .791 RG 16.8 15.1 15.0 738.9 VI 10.625

.791 RG 15.7 13.6 13.5 738.3 I 10.644 110.634
22 .808 RK 3.2 604 5.2 752.9 I 10.707 10.707
23 .810 I"iD 5.2 6.? 6.1 751.1 VI 10.502 10.502
25 .816 RK 4.4 5.6 5.0 747.2 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 2.7 1.2 746.2 VI 10.403 10.585 10.494-
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 SS - 1.4 - 1.1 - 1.4 734.1 I 10.518 10.518
17 .879 RG 0.5 - O~4 - 0.6 739.6 I 10.420 10.420
18 .881 ND - 0.6 - 003 - 0.2 74106 VI 10.497

.881 I'in - 1.7 - 1.7 - 200 742.2 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 - 204 - 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
24 .898 RG - 0.9 - 0.7 - 1.3 '750.1 I 10.4G8 10.406 10.407
25 .900 ND - 0.1 0.0 - 0.3 746.6 VI 10.455 10.455

XII 22 .974 HG 7.0 7.0 6.9 732.8 I 10.400 10.400
25 .982 RG 14.8 9.1 1105 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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TableI (con tinued)

DEE - tpa Lfb 1dL UK3. 'rz fi'i I~V Bo GR.
19134

1 3 1984.007 HG i i ,o 7.6 2-.6 736.6 I 10.159 9.996 10.078
31 .084 RG 4.4 1.9 2.4 737.5 I 10.033 10.033

II 2 .090 RK/RG 2.0 1.6 1.8 737.0 n 10.23? 10.111 10.174
5 .098 HG 3.0 3.1 2.6 74209 II 10.238 10.108 10.173

III 15 .~04 HG 0.2 0.6 0.2 737.4 III 10.103 9.977 10.040
19 .215 I'lD - 102 0.1 - 1.2 742.4 II! 10.015 10.015
20 .218 RG - 2.0 - 1.5 - 2.0 7l!-l.0 III 10.005 9.976 9.990
24- .229 HG 5.4 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

IV 7 .267 RG 12.8 12.6 12.0 '133.7 III 9.940 10.052 9.9'J6
14- .286 HG 10.9 11.6 10.8 742.3 III 9.986

.287 RG 9.4 10.0 9.4 742.4· IV 10.012 9.999
Hi .292 88 12.0 13.2 12.4· 734.6 III 10.079 10.079

V 14- .369 RG 11.8 11.8 11.4 735.2 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 10.143
21 .388 S8 17.2 16.8 15.8 733.6 IV 10.047 10.184 10.116
24- .396 RK 13.2 16.8 14.8 730.9 IV 10.212 10.212
28 .407 S8 16.4 17.2 16.2 734.0 IV 10.078 10.078
30 .412 88 13.6 14.6 12.6 736.1 IV 10.181 10.181
31 .i.j·15EK 14.1 15.6 1406 735.6 IV 10.311 10.224 10.268

VI 2 .421 RG 19.5 17.6 17.4- 739.4 IV 10.066
.421 HG 17.6 16.4 16.0 '139.4 V 10.086 10.076

3 .423 ND 22.1 19.8 19.0 735.5 IV 10.036 10.036
5 .429 HK 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 .443 ND 15.6 16.6 15.5 743.1 IV 10.293
.443 ND 14.6 14.3 13.7 743.8 V 10.183 10.278 10.251

12 .448 RG 9.4- 12~4 11.0 74-5.8 V 10.258 10.343 10.300
13 .451 88 19.0 16.0 14-.9 745.1 IV 10.240

.4-51 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 .462 HD 15.4 15.6 14.6 742.8 V 100165 10.165
18 .465 HG 14.6 15.7 14.6 746.4 V 10.188 10.210 10.199
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Table 1 (continued)

DA_/j~ -- l>B·.:> • fEz li'i 'i:» Cfa crt lfdL- Bo GH.

20 .4-70 SS 21.0 20.8 20.5 74-1.2 IV 10.225 10.225
26 .4-87 RG 12.6 14.2 13.0 744.0 V 10.338 10.256 10.297
27 -.4-90 ND 15.8 15.3 15.0 74-2.7 v· 10.2'77 10.3:58 10.3,08

VII 1 .500 ND 16.8 17.3 16.4- 74-3.4- 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 10.4-69 10.316 10.392
11 .528 MD 23.6 21.6 20.8 74-2.8 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 10.394
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 .590 RK 20.2 21.8 20.8 74·2.6 V 10.362 10.576 10.4-69

18 0632 ND 15.5 17.8 16.4 743.0 VI 10.754 10.754
21 .640 RK 16.8 18.2 17.3 742.4 V 10.773

.64-0 ND 16.4 16.1 15.8 742.2 VI 10.596 10.64-0 10.670
22 .64-2 ND 18.5 18.8 17.8 740.8 V 10.620

.643 r'1D 18.3 17.0 16.6 740.8 VI 10.465 10.426 10.504
23 .64-5 RK 20.0 19.9 19.1 74-0.5 V 10.679 10.679
28 .659 RK 12.8 17.2 15.6 744.7 V 10.479 10.479
29 .662 ND 17.3 17.4- 16.7 742.4 V 10.468

.662 MD 16.6 15.8 15.4 742.7 VI 10.4-61 10.558 10.4-96
31 .668 ND 17.2 16.5 16.2 74-1.2 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 2009 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- 10.536
9 .692 MD 13.7 15.2 14.2 737.3 VI 10.628 10.595 10.6L'

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 10.658
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 I (continued)

DAi.;i .-- Tz era Lfb CfdC. 1,.)B::) • 'i'i '.L'V Bo lrH.

18 .716 RK 16.2 17.1 16.4 733.9 'v 10.6%
.716 RK/RG 15.5 15.6 15.4 734.4 VI 10.661 10.522 10.610

19 ,.719 ND 20.5 19.2 19.2 734.6 V 10.767 10.76,7
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 HG 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
.774 RG 10.4 11.0 10.4 749.5 I 10.602 10.643 10.626

10 .777 ND 13.4 12.6 12.4 749.0 VI 10.697 10.697
1~ .785 RG 8.2 10.9 9.6 748.3 I 10.639 10.639
17 .796 ND 6.0 7.2 6.2 7%.4 VI 10.614 10.399 10.506
18 .799 RG 13.2 11.4 9.6 742.3 I 10.598 10.598
19 .801 l"iD 15.8 12.,2 12.8 741.6 VI '10.454 10.491 10.472
22 .807 ND 11.8 11.8 11.3 745.4 VI 10.391 10.409 10.400
23 .812 RK 15.0 13.4 13.6 743.0 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 ::'5.8 12.5 12.9 742.5 I lu.586 10.631
27 .823 RG 14.3 14.1 14.0 742.2 VI 100565 10.495 10.530

XI 1 .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 10.560
5 .848 ND 4.3 5.1 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 .853 ND 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 1°.609 10.547
9 .858 ND 10.0 9.8 907 739.8 VI 10.618 10.484

.859, JVlD 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 1.2 4.2 3.4 7%.1 VI 10.504 10.504
13 .870 RG - 1.0 1.0 0.2 744.7 I ·10.552 10.552
14 .872 ND - 1.5 0.6 - 0.1 740.5 VI 10.470 100470
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Table 1 (continued)

.0Jl.J.~ ----
~a crb 1dL L'i3:j. Tz 'i:'i 'i'v Bo GH.----

22 .894 RG 5.5 4.2 4.6 739.3 I 10.497 10.439 10.468
25 .903 RG 12.0 9.4 9.8 741.9 I 10.270 10.327· 10.298
26 .905 ND 13.8 10.7 11.4 7LW.5 VI 10.303 10.303
28 .910 ND 3.2 5.0 4.0 750.5 VI 10.476

.911 fJiD 2.6 3.0 2.3 750.0 I 10.304 10.323 10.368
XII 3 .924 ND 3.2 3.2 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 ND 1.4 1.4 1.3 749.7 VI 10.540 10.540

18 .966 ND 11.2 7.0 8.7 743.7 I 10.374 10.374
19 .968 RG 5.4 4.8 4.8 747.0 II 10.400 10.334 J.O.367

1985
I 4 1985.012 ND - 7.3 - 6.1 - 7.0 730.1 I 10.421 10.348 10.384

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 .083 ND 0.9 - 0.9 - 1.1 7l~3. 9 I 10.129 10.129
31 .086 RG 1.4 - 0.6 - 0.1 742.1 II 10.175 10.175

II 4 .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 10.283 10.283

5 .176 RG 8.2 4.4 5.0 747.1 II 10.049 10.049
7 .182 RG 1.2 1.7 1.3 748.1 II 9.909 9.909

25 .231 ND 7.1 5.7 5.6 739.9 III 10.064 10.064
30 .245 RG 9.7 6.7 7.0 741.4 III 9.872 9.854 9.863
31 .248 RG 15.9 11.4 12.2 737.1 III 10.043 10.043

IV 1 .250 MD. 11.0 1004 1002 741.5 III 9.879 9.879
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.;; III 10.126 10.026 10.076
5 .261 ND/ND 18.6 15.5 15.8 736.1 III 10.185 9.802 9.994-
7 .267 ND 9.4 11.2 10.4 736.8 III 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 8.4 7.8 734.3 IV 10.179 10.179
20 .302 RG 10.8 10.2 10.1 739.4 III 9.962

.303 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 10.056
22 .308 !'iD 14.0 13.2 13.0 736.3 III 9.888 9.888
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TableI (continued)

D!'J't: -- 'l'z '.l'i ~a crb 'fdL I".'B;. 'i» Bo Lill.

23 .:;/10 He IG.l 14.6 14.6 730.6 III 10.015 10.015
v 7 .349 RG 13.2 14.8 13.8 737.2 IV 10.056 10.056

12 .363 !-iD 16.9 16.8 16.4 738.9 IV 9~961 10.159 10.v60
28 .406 HG 21.5 20.4 19.5 737.3 IV 10.004 10.004
29 .1.;.09 1m 19.2 20.4 19.4 735.8 IV 10.030 10.030

VI 5 .428 hD 20.8 19.2 19.1 739.7 IV 9.892 10.079
.l~29 ND 19.7 18.2 18.0 739.3 V 9.989 9.987

Q .431 sc 24.5 22.0 21.9 737.8 IV 9.975 9.975
12 .443 :m 15.1 13.4 13.4 73CJ.3 V 9.986 9.986
18 .464 RG 12.7 13.6 12.5 737.8 IV 10.149

.464 or: 11.1 11.8 11.5 738.4 V 9.970 10.060..tC.A"

26 .486 U) 19.6 18.2 18.0 742.2 IV 10.219
.486 sn 17.8 15.6 15.0 741.2 V 9.973 10.096

30 .l~97 l'in. 20.2 17.3 16.8 741.3 V 10.081 10.027 10.054

VII 5 .511 1m 15.4 16.2 15.4 739.6 V 10.205 10.157 10.181
G .513 _~-u; 15.7 16.6 15.5 741.0 V 10.038 10.038
9 .522 HG 15.5 16.2 15.3 740.2 v 10.009 10.167 10.088

11 .'527 riG 16.7 17.3 16.2 741.8 V 10.089 10.140 10.114
12 .5.30 ND 18.9 18.4 17.9 743.3 'v 10.264 10.217 10.240
13 • 53::~ l~G 19.8 20.0 19.0 744.0 v 9 •.913 10.306 10.HO
14 .535 !-iD 21.0 20.0 19.4 743.0 V 10.172 10.096 10.134
15 .5,38 i~D 22.0 .21.2 20.4 742.6 V 10.229 10.217 10.223
16 .5lH HG 23.4 22.0 21.3 742.0 V 10.136 10.121 10.128
19 r::,"-o l'lD 21.3 22.2 21.4 737.7 v 10.093 10.237 10.165../ . ./

20 .552 HG 25.2 23.6 23.0 737.6 V 10.090 10.153 10.122
22 .5:)'7 I"D 1'1.0 18.2 16.8 746.6 V 10.017 10.120 10.068
23 .56(; RG 20.7 19.9 19.4 743.9 v 10.257 10.257
25 •~~65 RG 21.0 21.1 20.4 740.8 V 10.262 10.262
2G .568 hD 23.5 22.4 21.6 738.4 V 10.190 10.190
27 .571 l1G 27.6 23.8 24.0 737.0 V 10.179 10.179
28 .573 1m 27.2 24.4 23.6 737.2 V 10.161 10.161
30 •~;78 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 .612 1m 23.3 21.6 20.7 741.8 V 10.285 10.285
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unc 524.3S8
Prctiminarv report

\HC1{O\'lFfER \ll:ASlIREMEN IS OF TRIPLE STAR SYSTE.\lS
\ BcigradcM!CfOmcicr .\leasurenwllts of Douhle and Multiple Sturs Series No 43)

(; M. Popovic, D.J. Zulevic

t Rccc ive d. December 28, IlJX8)

SL'\l\L\RY' 326 measurements of triple systerus from the Belgrade Survey 1)1' Triple
<"V,I<:llb, I [)S Catalogue (up to 200 pc) and from the Leningrad Programme of Nearby
Tripk' ~;;:Jr' are communicated.

:'., .,. ',:, .1'. \:l{)':O\:i in the
;1.'nl;IlL~ttil..· mc.isure-':,

;. ;? ';
···~I . -, .'·.··-~~.. -·,L \' ·.:r" .~::qJh.'\! with [:1C'

,.' :;, ..: t" n;·,(n:llf\I'. il)~ IO~5 cm )

: .•••. ):; I~" ;~:: "~;T~'l .' ih'~lrbJ tripleJ.

.", '::"1, '\:. "·.1 f'., :')\,)1 In tt.c
(l::\ 'I,~" -~!:c .,.'-;U[',,'c:\ I..~;-' I fq"'1, ~;\·:;l,. Ill~ c on taiuc.] i.:

l I') ~J 1':.-":: 1-'::..' !~l(il .~()():"~" '\;h tlirslH~d
dl

:') .~:, .• ;··t"·'~ '.~! ;!::.1 ~.:k·(·i.:\L'r\·ant):L~ of triple
.~,. ;•.:~l.l~:·,~~:: ':: .." ~',:'k'!':~...ou iainc •..' In thix
f·'~,.·' d.·~ ,!i~~:-,Ii·,··.'e!:~.·~~~L!..In;·lt;hlislll'd,()l)';(:[va.

':, " "". \-.:.. ;':1: .....\~ ;-,<1., l::'·,j ;'..:"'.~:·t p.?[ffdl:)-..:d before
. ~ .r \: ~~l! tlJ ~f!::'!_" ~.:;L ;r.'.:''.!~,~\i(''~j~~nts '.':as intiat-

" .
'-·1:'<.,··:~··~··.'. t -. (' ·'-';'1:'. '.r'r:: ;,t:-:. suhs\·: ..kl;·1~

';:,,; :',!C!~"'::::':l[!1L :intl f:Ci1l the
I' .. " ',,::; 1'1' t(l ~'clnP":;' it

.,'., ,1.;.11,.' ;)\;,'\1 .•.. :-:liU:J.d b.? als-:
',. ..~,'., .'.

.:.~

'.'~.': ~l.\ 'IL ;~":i ilL!\: ,' •.jl ~;r"",,~n'illgtne

.~':" ..." \1, 1.1(- (k:f~I·I-.Y~· (Ji~r', .•n'(-'fijL

' .. ' .. :I.,!'.'~'·.;:lj,.i:~"~: ... Ii.·}:·~! .
ri1::-' :\"-~l:"', i.)c.\j·· .• ll:~·!-....•nt~ pcrfor-

! 'i~i:, 1 ,-: ~h·:· pr{,~·.:I~lr':i..... ;';I.'n;":I(Ji12d

,; ~ ~n~: . I "',)i'~!(.: ,,::\,t·~::I.';d;!.·,....~ are (')Tl(v'

i..'

t::· l ,'_ ~";'~, I:· ~.'I.!r.jpirllc:n I~ is t-:e~~\:f to present at
.... ,r ",~" \.";P~'·.··al;\:I"{::.iri~l~in mind

:',:.I'~!;IC;)I· ', ,;(1 l~'~~:'n:ui,1i:~;ltly !~CJ~lV~ in
;: ' "", .'J. :t; I l'~ :('~I.; or not. lI1 the

"., d'I.I{\'!~'; ,'ir:l1ndJ1:\.'~tlC ~i. r'\'lai o~" ),?fl

'): '..,0 \'ip::' :,':;'.l..:;;i:-; \',Ul 0: -vr..ch ~~
pr",:'~I. , .r:
r..~.,~

!;'.~r~,~;!~;c'n('nf l:::!~ ti,·~:r":I'~'rni;h~!ri~ ,J~)ubl,-; ·stc.:

me"~',lf'"~''' 'e "') '·'.Ii.' :'1: P'.l!;l,',)i;:,! UI 1;1<' corrsponding
e~ri)r~,'.i.~ \'·Cl'. ,." ~u;f;'(?\i i':-' ~!-.(' nrC~lcnL pupc r and for the

L

first time a complete insight into the :!;';':l1r:kY of the
obtained data is given in a series The e rrors 1)1' the
quanti ta ties 0 and p measured in the obsc r, :ili01~)of
double and miltiplc stars have acquired a "pc-:i:t1 impor-
ranee after cx tcuding a p rocc.lurc l,r p!I\"i .,i :::':i'ltx-r-
ship dc tcrmina ti on for system comp oncu tx (-\11\"0\';1.

II'..I()S7)
Fhc reduction of observations and dcri\JliJl!1 ",' Ill,'

IVcighku mc.u: values for 1. () alid p arc n o t :11:11':.".'.:

c'()llIp:lrcd () the earlier ~cric,. hut Sill(,~ III the :'i,c';':!li
paper several errors arc introduced, we shall !o!i\\' !ill'
explanat.on« r,!. ail t!t,: d:!I:J C'"llailll'd lii:li;;·: i .

In the course or measurements tJ1C:)()SlUl1l1:I,i~k

value (0 I is rea,i 4-" time, un d the 'JInC ,S IJii,i (ur t),,·
parameters a and h appc:lring III tli<, red\1c:ilU!1 titr",i";'
relation, (I iii and \ Id.

For each measured system the data :IIC ~i\','p in the
title- and in the thirteen c olu mns of th~' table In I:'" c.«,
that a svsie m has been measured mote than ,'Illl' Uh'IC I'

:1 ,[,<'c1al row containing the mean lal;:""
System Title=Subsystem The title ,')11I.i1I," .ou:

("Ilowing data: ADS number. the ID~) l)u!l,lyr. ":c
.lesignauon of the .Iisvoverc r :Hld the .lcsign.ni.u. ,)f 1.1;,'
measured multiple.

Column I con tains the time (I( the obscrva ti ou :.
Column 2 position ar.glc (! !.i,:i. i I u i.

Column 3 rootvmcnn ·',:U3f'~ error of 0 (I" i "'!. \ Ii'll
Column 4 dist.uicc h~['.\cef1 romponcn ts (J \reI 11/'1)
Column 5 root- mC;JIl- Sql!:IfC error ol p . 1)1; (re'l \ i it 'i

(nlllllln () dispersion 111 lilC' mcasurerncnts s Il\ ) I :·\:i.f k)1
Column 7 error 01':1 ,illl'~!~ mcasuremcnts » 0(/;1 (i.~\.( I! II

(',liulI1T1S 8, 9. l O f'S:illl~lcd apparent tn:,gll1t~.j,', '1,'
priruarv and xccond.ny c'~)mponcl1ts wi thi n ~! 1'!·I'.'1 ",'

:lpi':J!cnt magnitude difference Am
Column 11 SHm of estimated image quality aud q.iality
of measurements: Q: the bes t mark is -" tlle wcrst I.
Column 12 Obserer in}tials: GP 0: Popovic 1)1. '
Zulevic.
Column 13 Letter N means that there is a note 1'1 Tabic 2.
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G.M. POPOVIC and n.r. ZULEVIC---~ ~-~---~---~".-
Table 1

ADS e ae p ap ace) a(p) ml m2 Am Q Obs. Note

684 00448N5005 BU 232 AB
86.865 241~9 0~72 0')9 0~012 1.61 0.024 0.2 4 GP
86.865 240.4 0.34 0.84 0.014 0.68 0.D28 0.2 4 DZ
86.876 239.7 0.25 0.80 0.008 0.49 0.016 4 DZ

86.869 240.67 0.65 ~0.810 0.Q15 1.30 0.031 DZ2 N
GPI

1522 01494 N 2818 STF 183 AB C
84.930 164.5 0.32 5.31 0.080 0.65 0.160 8.0 10.0 3 GP

1548 01513N3032 .. A 813 AB
86.791 199.7 O.4l 0.82 8.2 8.7 2 DZ
86.857 198.6 0.60 8.2 8.7 2 DZ

86.824 199.1 0.55 0.60 DZ2/1 N

~O 01578N4151 STF 205 A-BC
87.927 63.3 0.26 9.28 0.091 0.53 0.224 2 GP
88.012 63.5 0.17 9.65 0.085 0.34 0.171 3.0 7.0 3 GP

87.978 63.42 0.10 9.502 0.181 0.13 0.234 GP2

1630 0157SN4151 STT 38 BC
RS.012 108.1 0.56 0.74 0.016 1.25 0.035 7.0 8.0 4 GP N

2122 0241SN1857 STF 305 AB
86.873 310.1 0.37 3.58 0.019 0.74 0.038 0.5 2 DZ
86.876 310.2 0.21 3.52 0.012 0.42 0.023 8.0 8.5 6 DZ

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 26.64 0.086 0.35 0.173 8.0 8.5 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 34.49 . 0.124 0.49 0.249 8.0 9.8 4 GP
88.091 300.6 0.20 34.57 0,143 0.45 0.320 8.0 9.0 2 GP

88.038 300.53 0.05 34.517 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 8.0 9.0 4 GP
88.032 127.0 0.39 7.59 0.068 0.79 0.152 8.0 9.0 3 GP

88.021 126.60 0.35 7.516 0.064 0.53 0.098 GP2

2926 03550N2255 STF 479 AC
88.012 24\.9 0.17 57.58 0.130 0.35 0.260 8.0 9.5 5 GP
88.032 242.0 0.10 57.87 0.215 0.20 0.430 8.0 9.5 3 GP

88.020 241.94 0.05 57.689 0.140 0.08 0.229 GP2

3093 04108S0749 STF 518 AB
88.102 103.6 0.10 88.67 0.238 0.21 0.477 7.0 9.0 2 GP

3093 04108S0749 ST1' 518 Be
88.102 340.0 0.29 8.10 0.128 0.59 0.286 9.0 11.0 . 2 GP N

3991 05188S0058 WNC2 A--BC
88.012 161.4 0.43 2.97 0.063 0.87 0.126 7.5 8.0 6 GP N

4186 05 305S05 27 STF 748 CB
87.111 342.4 0.17 16.77 0.069 0.35 0.139 2 DZ
87.14l 342.2 0.17 16.69 0.040 0.34 0.079 2 DZ

87.126 342.30 0.1 0 16.730 0.040 0.12 0.046 DZ2
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Table I (continued)

MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

ADS IJ p u(O) u(P)Up--------------- ---_._-------------
Obs.

4186 05304S0527
~7.111 62.2
0.111 u3.1
S7.i41 62.1
~7.\4\ h2.4
S'.19:< 61.:i

S'l'F 748 CD
0.42
0.08
0_34
0.23
0.41

0.29

13.33 0.073
J 3.20 0.038
13.41 0.062
13.02 0.030
13.3H 0.055
13.271 0.065

4186 0530·1S0:;27 STF H8 AB
----i7:l-il--~::-:'~:--·.:--I--':0:-'.-::-31::-'--'--"--';8~.9'-:-3:O-0.052

87.!11 3104 0.11 8.58 0.044
~7.\~1 32.5 0.31 8.93 0.05H
S-.J.l! 31.7 0.56 8.93 0.049
n.19R 31.7 0.31 8.70 0.089

0.18 8.806 0.078

.)~.i 11
~~.!4 1
R7.141
g7.198

131.';
131.5
132.9
l.H .4
131.6

ST! 748
0.2 -;
0.45
0.3'
0.3\
0.33
0.27

AC
12.72 0.064
12.7R 0.027
12.84 0.061
J 2.48 0.040
12.77 O.06H

12.701 0.064

4186 nS:'04S0S27 STF 748 AE
87.111 351.T-o.T2 4.19 0.063

.±.Ii§._ 0.<.1(1450527
x-',jTr- =t« i
~7.i4j :~76.j

87.126 276.20

sn 74R DA
0.10
0. \ I

0.10

21.34 0.064
21.12 0.054
21.230 0.110

41&6 ,1.'3045052'.' STF 748 DB
----sTiT7'--:llllf6 ---O.i5--~O 0.037

SO.i:'1 300.~ 11.07 19.49 0.033
87.1' I 300.3 0.26 19.43 0.064
S·,'.I:)'} 299.2 0.'27 19.35 0.070
87.H3 299.94 n.22 19.414 0.026

4329 05394N0347 STF 7R8 AB
---87.2~i:4---0.83 7.28 0.079

4329 05394N0347 STF 788 AC
---lTi(19 --147';';- 0.15 35.94 0.078

5107 0(,200.;0658 STr 919 AB
---S:~~J;;-7--f31.4--0.50 7.17 0.066

5871 0701)61>:2724
----S8.2.S3T2if 1

STF 919 BC
0.47

STF 1037 AB
0.25 1.27 0.009

1.10
0.16
0.69
0.46
0.91
0.62

0.81
0.23
0.70
1.12
0.71
0.40

G.72
0.90
0.82
0.62
0.73
0.64

0.86

0.41
0.22
0.12

1.45

0.30
0.15
0.58
0.61
0.41

0.31

1.31

0.50

0.192
0.076
0.138
0.059
0.123
0.140

0.138
0.089
0.129
0.098
0.200
0.174

0.169
0.054
0.151
0.081
0.151

0.151

0.179

0.129
0.108
0.127

0.126

0.073
0.066
0.156
0.157
0.048

1.85 0.176

0.156

0.175

1.25

0.019

7.0 8.0

7.0

7.0 12.0 *

8.0 10.0 *

8.0 10.5 *

Note

0.0 2

3
4
2
2
3

GP
DZ
GP
DZ
GP
DZl
GP3

3
4
2
4
2

GP
DZ
GP
DZ
GP
GP3
DZ2

4
4
2
4
3

GP
DZ
GP
DZ
GP
DZ2
GP3

3 GP

1.

2
DZ
DZ
DZ2

3 GP

4 DZ
2 DZ
1+1 GP
1+1 GP

DZ2
GP2

2, GP

2 GP

3 GP

3 GP

DZ N
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G.M. POPOVIC and n.r. ZULEVIC

Table 1 (continued)

ADS a p

6336 07377N64 I 8 STF 1127 AB
87.196 '3~3=-=9-:.9:--~O.o.,.3:""2~::":"'---'-.!.5.:::"4-9

87.196 340.8 0.22 5.18
87.207 339.2 0.25 5.41
87.207 341.0 0.31 5.J 5

87.203 340.16 0.44 5.313

6336 07377N641S ST! ! 12' A('
-----s7-;T96--17SJr-b:4'g-'·I1.62 0.141

87.196 178.3 0.07 11.34 0.063
87.207 J 76.9 0.33 11.31 ()063
87.207 177.7 0.14 11.39 0.045

87.103 176.92 0.67 11.411 0.069

6364 07411N3340 STF 1135 AI3
----·88.i:fi--ii5~1- 0.49 19.82 0.105

0.057
0.045
0.040
0.036
0.084

636~_ 07411N3340 STF 1135 AC
-8[(2'72 -~42,6 ---0:10-'--9-1:83 0.214

6650 08065NI757 STF 1196 AB
8-1.207 209.6--0:41)---0-:-81
87.207 209.2 0.70 0.70
87.262 208.1 0.81 0.76
87.262 210.1 0.24 0.63
87.234 209.13 0.39 0.725

6650 08065NI757 STF 1196 AC
--'---R7 .207--8T:~r--()A2--5.76

87.207 85.7 0.51 5.70
87.26~ 82.0 0.58 5.79
87.262 80.8 0.20 5.66
87.234 82.60 ]'07 5.727

0.015
0.016
0.010
0.019
0.039

0.063
0.040
0.059
0.057
0.029

08100N4072 ES 593 AB
'87:26:C--342~()---()-:2-6-~0.38 0.068
87.262 340.9 0.23 20.54 0.086
87.264 341.6 0.09 20.56 0.044
87.264 341.7 0.24 20.54 0.040

87.263 341.60 0.21 20.504 0.044

6700__

6700_ 08100N4072 ES 593 Be
'sf'26T--2T{b--- '-0~79--4:30
87.262 210.8 0.38 4.44,
87.264 207.8 0.62 4.68
87.264 210.8 0.26 4.57
87.263 210.87 1.10 4.476

6777 08178S1022 HU 116--- ..-.--. .---
87.264 172.5 0.44
87.264 170.0 0.27
87.264 171.56 1.21

AB

2.04
1.41

1.804

86

0.062
0.061
0.055
0.072

0.085

0.028
0.056
0.305

a(O)

0.65
0.43
0.50
0.62
0.91

0.96
0.15
0.67
0.49

1.39

0.98

0.21

0.98
1.39
1.81
0.49

0.64

0.84
1.01
1.17
0.39
L74

0.58
0.46
0.19
0.49

0.41

1.76
0.75
1.39
0.51
1.90

0.98
0.53

a(p)

0.114
0.090
0.081
0.071

0.174

0.284
0.125
0.126
0.089
0.143

0.210

0.429

0.031
0.031
0.021
0.037
0.063

0.141
0.081
0.132
0.115
0.048

0.135
0.172
0.088
O.O?'!

0.084

0.125
0.136
0.124
0.144
·0.148

1.98

0.063
0.112
0.498

7.5
7.0
8.0

9.0
8.8
9.0

7.5 10.0 •

6.0 10.5'

6.0 10.5'

8.0
7.8

8.2
8.0

8.0
7.8

9.0
8.5

9.0
8.8
8.5
9.0

10;0 •
8.5
9.5
9.7

10.0
9.5
9.5
9.7

10.7 •
10.0 •
10.0
10.0 «

10.0 10.1 •
10.0 10.3

Obs.

3
2
4
4

GP
DZ
GP
DZ
GP2
DZ2

3
2
2+2
4

GP
DZ
GP
DZ
GP2
DZ2

3 GP

2 c;p

2
2
2
2

C;P
DZ
GP
DZ
GP2
DZ2

2 GP
DZ
GP
DZ
GP2
DZ2

2
2
2

3
2
4

GP
DZ
GP
DZ
GP2
DZ2

2

3 GP
DZ
GP
DZ
GP2
DZ2

2
2

5
3

GP
DZ
GP
DZ

Note

N

N

N

N



-----------
MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

e 0(0) Notep

_~_0=-=8178S,,-I:..:0;...::2c::.2__
87.264 I 1.1
R7.204 10.8

S7.264 10.99

HJ 784
0.57
0.23

0.15

AC
18.14 0.088
17.46 0.120

17.885 0.329

6811 0827N2452 STF 1224 A-BC
-- -RT2-i-(j- ---48~9--(i.'3-8-----5.3il' 0.059

ti7.210 50.1 0.69 5.4'1 0.060
87.262 48.6 0.10 5.83 0.059
87.262 -+9.5 0.24 6.07 0.032
8U64 50.2 0.33 5.76 0.051
R7.2b4 49.5 0.15 5.66 0.026
~?297 49.8 0.22 5.67 0.041
S~.c97 4'J.9 0.27 5.60 0.054
~o.:;60 48.4 0.15 5.82 0.077
.~-.J6(l 50.2 0.10 5.62 0.045
8'.2S-' -l'I.56 0.19 5.698 0.051

\)i;460"i1230 5H 1287 AS
R.2~i-86.)----(\.-'5 1.75 0.032

70-19 08460NI230 511 1287 AC
------';.2'2 97},--0:47 15.54 0.109

~IOO 11088N7361 5111516 AH
kR.321 !fij-.6--b.19 56.44 0.068

RIOO IIOS8N7361
----8k.32I 321.5

~355 11511;\3560
----)7:-g~--r44.5

'0.264 14.1.1
87.2'17 143.8
~7 .297 142.4
S- .JAG 144.1
C-,60 141.7
,~?A29 1.11l.7
~7_429 141.7
lli.440 146.0
~ 7 .440 I 3<-).1
il7,.\66 142.30

STTS39 A('
1.17-- -------6.30- 0.189

STr 24:..1_;,.:A"7B.,..
o.{f- 1.63 0.020
0.77 1.63 0.026
0.36 1.51 0.029
0.84 1.52 0.045
0.65 1.53 0.022
0.74 1.48 0.017
0..,7 1.47 0.019
1).48 1.58 0.021
0.53 1.48 0.014
0.65 1.44 0.028
0.71 1.522 0.020

8440 1204351118 5111604 AS
------!i"(_121 --!l4:8-- 0.3<-)---8.-9'4 0.187

8440 1104351118 5TJ- 1604 AC
----8:l.32I 49.9 --cUi ---12.05 0.129

8506 12136NI181 srFI628 AS
------fl8.354--239.r ---O.4j-----~

88.354 239.0 0.17 9.78

88.354 239.20 0.20 9.705

0.153
0.122
0.075

12136N1181 5T!" 1628 AC
88354--346.4---0:1"8 ·--=-::::"~475.'-::-9-=-20.152
88.354 346.2 0.23 45.56 0.059
88.354 346.30 0.10 45.740 0.180

8506

1.21
0.46

0.24

0.77
1.38
0.21
0.48
0.66
0.30
0.50
0.54'
0.30
0.21
0.63

1.\ 0

0.95

0.39

2.35

0.65
1.54
0.73
1.67
1.30
1.48
0.73
0.96
1.06
1.72

2.20

0.78

0.45

0.87
0.34
0.23

0.36
0.45

0.12

a(p)

0.\98
0.240
0.538

0.118
0.119
0.132
0.064
0.103
0.052
0.091
0.107
0.155
0.089
0.170

0.064

0.219

0.137

0.378

0.052
0.052
0.059
0.089
0.045
0.033
0.039
0.042
0.027
0.Q75

0.061

0.374

0.259

0.306
0.243
0.087

0.305
0.118
0.208

10.0 10.5 •
10.0 10.5 •

8.5
6.5

9.0
7.0

7.0
8.0
8.0

7.4
8.5
8.6

7.67.1

13.0 •

7.5 8.5
7.5 8.5
8.5 10.0
8.5 10.0'
8.0 9.0
7.0 8.5
8.0 9.2
7.7 9.0
8.0 9.5

7.5 10.0'

7.5 9.0' 2

8.5 8.9

0.5

0.7

0.5

0.0

0.2

1.2

Obs.

5
3

GP
DZ
GP
DZ

2
2
4
2
4
4
3
4
4
4

GP
DZ
GP
DZ
GP
DZ
GP
DZ
GP
DZ
GI'5
DZ5

3 GP

2 GP

2

3
2
4
4
3
4
2
3

2

2
2

2
2

N

(;1'

GP

GP
DZ
GP
DZ
GP
DZ
GP
DZ
DZ
GP
GP4
DZ5 N

GP N

GP

GP
DZ
GP
DZ
GP
DZ
GP
DZ
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Table 1 (continued)

C.M. POPOVIC and o.r. ZULEVIC

ADS (J a(p)

12194N2568 STr: 1639 AB

p NoteObs.

N

N

HS39
8.414 324.20.97

13601 12300llln760 STI'1658 AB
--'-'~----;:-88AI C-- fiD-.--.--O~8~0~-=--=---72"=.5."...9

88.412_ 16.2 0.:10 2.66
88.412 16.16 0.05 2.630

0.042
0.021
0.035

_~Q!' 12300N0760 STF 1658 AC
88.411-'265T--·-~ 124.07 0.080

12484N2147 STF 1687 AB"S8.40 [---175.-1- O:8~1,.--'-"c.::..:...-;;0~.9"3-
88.401 165.5 0.72 0.95
88.401 170.30 4.80 0.940

8695

H695 12484N2147
---88.40)--126.4

0.023
0.021

0.010

STF 1687 AC
0.26 28.76 0.127

14056N2664 STF 1808 AB
86A73---78~2-035--2.44
87.298 78.4 0.13 2.41
87.360 78.9 0.17 2.55
87.360 80.7 0.26 2.44
87.379 78.0 0.66 2.40
87.232 79.07 0.51 2.458

9136---- 0.030
0.047
0.025
0.015
0.057

0.029

9136 14056N2664 STF 1808 AC
----8i~379---Cll.O-OA8 59.20 0.115

933H 14360NI651 STI' 1864 AH-":"'::"::":':"---;:'8-7.459 ..:....::.c=-:1'-;;0C;<9-;:;.7'-----;.0"'"'.3"5-=-=-=--:....--.:..;:5:.:;.5~9

87.459 111.5 0.29 5.48

. 87.459 110.60 0.90 5.535

0.036
0.050

0.055

9372 14406N2730 STF 1877 AH
-----88.51 o 342-:-S--0.54--m 0.070

-.'9:...,:3,-,-7=-2_----o-:14:--:4.06N2730_.
88.510 255.7

9514 15036S0036
88.412 281.0
88.576 275.9
88.494 278.45

9514 15036S0036
88.412 128.1
88.576 128.5

88.510 128.34

9626 15207N3742~=";:"-----;88.576 171.3
88.576 171.4
88.576 171.36

88

STF 1877 AC
0.26 176.45 0.530

STI-' 3090"--",,Ac::H,...,-
0.14 1.01
0.62 0.83
2.55 0.920

STF 3090 AB-C
0.18
0.12

0.20

0.028
0.017

0.090

91.11 0.171
91.02 0.128

91.056 0.044

STF 28 AB
0.11
0.06
0.05

108.94 0.080
108.48 0.040

108.677 0.228

1.94

1.80
0.61
0.08

0.15

1.62
1.44

5.54

0.52

1.24
0.27
0.34
0.51
1.62
1.l5

1.19

0.70
0.57
1.04

1.08

0.52

0.2i
1.23

2.94

0.36
0.25

0.25

0.22
0.11
0.08

0.093
0.043
0.053

0.160

0.047
0.042
0.012

0.254

0.068
0.095
0.050
0.031
0.140

0.064

0.282

0.072
0.100
0.064

0.140

1.061

0.040
0.034
0.104

0.342
0.256

0.057

0.179
0.080
0.348

6.6 7.8

8.0
7.5

9.5
9.0

8.0 8.5

5.0 6.4

10.0 •

9.5
8.8

0.5
1.0

10.0 •
9.0 •

0.7

8.3 .8.7
8.3 8.7

5.0 8.0

2.5

0.5

2 DZ

3
4

CP
DZ
GP
DZ

3 GP

2
1+1

CP
DZ
GP
DiI:

2 GP

2
3
4
4
2

GP
GP
GP
DZ
GP
GP4
DZI

2 CP

2
2

GP
DZ
GP
DZ

2 CP

2 GP

2
2

DZ
DZ
DZ2

2
3

GP
CP
CP2

3
4

CP
DZ
CP
DZ



r

MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

T:ibk 1 (continued)

----------- '-- -----_._----------------------_._--------------------------------------

ADS o

9hc6 152071'\3742
-----·-SS.S'ih --- --ILl

8H.576 12 ..•

ao p
._---------------_._-------------

Obs.

SIT 1938 1'1('
0.40 2.08
0.42 2.26

n.tA 2.183

0.046
0.042

0.089

152l)6~'21i63 SII 1955 AB
\{.;I!·j"--DH-j--n]·o ·~-:';'7~.3-b 0.188
';S,-lnl 237.') e.44 x.OS 0.0:'\0
S~.-I8R 238.1 (1.2,1 7.74 0.035

t.ri: 0.173

!5~'16N2(,63 I AR '\L _
\s.:lol--- -\J~T--l.~-- 1 'I.R7
i~~.48>l 31.0 0.3(, 19.74

19.805

J.:' LS'\3<)6X
'-,~,~',j~;) '~·7.·-;-
".,"1 328.1
.",).) 7 i

155 ..f{'\-1 15:
.--X":' (;'7-----[ ')-1.9

~>'.'::r.x j 9Q.:";

155-1!1N4157s~:~(,X 2() i»

_\5. 9~ I.O:)

SIT 298 All--C
0.()('------122.27 0.066
O.lI" 122.09 0.093

n.20 122.19.10.0R9

S Ii 199 i A 1\
0.-12----- 2.:s
o.s: :;.5 I

2.45 2_645

S II 14':11 C-AK
0.(17 ----~~.S9 0.163

0.330
0.171

0.065

0.035
0.051

0.135

~~i" :55>;%11011 srl'l'.I'iO CB
-----;.,7.'.~T---211!;·y~2~-· ---f:i'f; 0.0-15

'n.it,] _'II'i.'; 0.)0 3.92 0.031

'-.361 20h.IO 0.70 3.840 0.080

ri4;!~ :" 51-:'1') J J 0(, S !T 199P A B·------- .. ~-c:-:..•?r---7·i0)-----(s::iS-- 0.97

.~-.4~') ss.o 0.25 0.95
~~.";~2 3~:; C.94 1.07
B7A3} ';2.t: f.l.73 1.04

34.47 0.89 1.007

~909 1558951106 SIT 19W1 AC
---·-87.42il--- 47.2 --e.70-- 7.89

>;7,429 49.0 0.31 7.83
X7.432 H,.8 (US 7.61
87.432 47.4 0.82 7.72

87.~3i 47.60 !l,48 7.763

16086N1348
8.'._~54 3.:\2.(,
8R.3~ 1 351.7
RRA01 151.5
88.401 351..0
8l1.516 3S 2.3

3:'\2.59

STf 2021 AB
0.24
0.14
0.44
0.55
0.17

0.28

4.06
4.19
4.04
4.08
4.15

4.095

0.029
0.0l7
0.029
0.031)

0.028

0.050
0.077
0.080
0.165

0.062

0.098
0.062
0.088
0.022
0.023

0.027

a(O)

0.81
n.S5

0.98

0.21
0.8'1
0.6-1

0.55

2.09
0.73
1.21

0.12
0.10

0.30

0.H4
1.11

4.00

0.15

0.28

0.54
0.61

0.81

1.22
0.51
2.11
1.46

1.46

1.57
0.61
0.76
1.65

0.79

0.48
0.28
0.88
1.11
0.34

0.58

a(p)

0.093
0.083

0.136

0.376
0.10
0.079

0.282

0.661
0.384

0.Q75

0.133
0.209

0.1:16

0.070
0.103

0.220

0.364

0.312

0.091
0.062

0.092

0.065
0.034
0.065
0.072

0.046

0.111
0.154
0.160
0.330

0.101

0.196
0.124
0.177
0.045
0.046

0.055

8.0
7.2

8.7

8.5
8.5

7.8

8.5 9.0

9.0 9.1
9.5 9.5

4.8

4.8

6.7

8.5
6.7

8.5
7.8

9.3

9.2
9.5

5.1

6.8

8.5
6.9

7.2

------.---
Note

0.3

0.2

3:0

0.0

3
4

GP
Di
GP,DZ

2
2
4

GP
DZ
GP
CP2, DZI

2
2

GP
GP

GP2

4
3

GP
FP

4
4

DZ
GP
DZ,Cl'

4 (;1'

2 GP

2
2

c;p
DZ

GP,DZ

2
2
2
2

GP
DZ
(;1'
DZ

GP2,DZ2

2
2
2
2

GP
DZ
GP
DZ
GP2, DZ2

2
2
3
4
2

GP
DZ
GP
DZ
DZ

DZ3,GP2

N

N
N

N

N
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G.M. POPOVIC and o.r. ZULEVIC
----.---.-----------

Table I (continued)

ADS 8 a8 P ap a(8) a(p) m. ml am Q Obs. Note

_9969 16086N1348 STF 2021 AC
88.354-m~6- -0.06-' --210:05- 0.194 0.11 0.336 3 GP
88.401 118.6 209.75 . 3 GP N

88.377 118.80 0.20 209.900 0.150 0.28 0.212 GP2

10036 16198N3335 Bt· <J51 AB-C
88.568 38.2 0.19 --1]5 0.0l5 0.38 0.031 1.0 2 GP

10075 16245N1837 STF 2052 AB
87.462 130.7 0.20 1.43 0.014 0.39 0.028 7.9 8.0 2+2 DZ
87.551 129.6 0.38 1.56 0.030 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 7.8 7.8 3+3 DZ
87.955 130.26 0.31 1.510 0.037 0.66 0.080 DZ3 N

10193 16412N3555 STF2097 AB
88.565 81.2 0.54 1.91 0.032 1.04 0.064 8.5 8.7 1+1 GP
88.565 81.1 0.45 1.99 0.026 0.89 0.051 9.6 9.8 1+1 DZ
88.567 81.7 0.34 1,95 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 8.5 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 8.5 7.0 1+1 GP
88.568 6.9 0.06 159.39 0.063 0.13 0.127 8.5 8.0 1+2 GP
88.567 6.90 0.00 159.262 0.157 0.00 0.202 GP2 N

10216 16435N2549 WEI31 AB
-- ---- 87A4lr- --3T8~4 0.26 4.77 0.044 0.59 0.098 9.0 9.1 2+2 GP

87.451 319.9 0.39 4.74 0.055 0.78 0.111 9.5 9.6 1+2 GP
87.451 318.5 0.36 4.97 0.044 0.72 0.088 9.5 9.5 1+1 DZ
87.s 36 317.5 0.68 4.78 0.069 1.37 0.138 0.0 1+1 GP
87.544 317.4 0.43 4.83 0.040 0.86 0.080 0.1 1+1 DZ
87.477 318.4 7 0.45 4.805 0.038 0.93 0.079 GP3, DZ2

10216 16435N2549 WEI31 Be
------s?-:-448 259.2 0.21 30.41 0.102 0.42 0.205 9.0 9.2 2+1 GP

87.451 258.9 0.36 30.37 0.146 0.73 0.293 9.5 9.7 1+1 GP
87.449 259.08 0.15 30.394 0.020 0.19 0.025 GP2

10216 16435N2549 WEI31 AC
87,451 249.2 0.17 28.19 0.070 0.34 0.140 9.5 10.3 . 1+1 DZ

10235 16479N2850 STF 2107 AB------ 85.650 91.1 0.56 1.38 0.008 :UO 0.021 1+1 GP
87,462 92.9 0.73 1.11 0.010 1.47 0.021 7.0 8.8 1+1 DZ
88.516 89.1 0.19 1.35 0.008 0.39 0.016 6.5 8.0 1+1 DZ
88.551 92.6 0.69 1.19 0.012 1.38 0.024 6.7 8.2 2+2 Dl
88.554 93.0 0.12 1.24 0.007 0.25 0.014 6.7 8.2 2+2 DZ
87.977 92.04 0.67 1.243 0.044 1.46 0.094 DZ3, GPI N

10345 17033N5436 STF 2130 AB
88.510 34.5 0.68 2.18 0.035 1.36 0.070 1+1 GP N

10394 17078N2121 STF2135 AB
88.354 191.0 0.22 8.13 0.067 0.45 0.135 8.0 9.2 1+1 GP N
88.354 191.2 0.53 8.29 0.056 1.07 0.111 7.1 8.1 1+1 DZ

88.354 191.10 0.10 8.210 0.080 0.12 0.092 GP,DZ
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MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

~ableI (continued)

ADS e p

10781 17415S0111 STF2211 AB
88.488 114.5 0.32 10.40 0.068

Iv7~1 17415S0111 STF2211 AC
88,488 196.7 0.11 105.86 0.181

11046 18004N0232
87.462 --254.5
HR.516 252.7
88.551 252.6
88.554 251.0

8U17 252.36

11353 18221N0008

11483

88.576 320.2
RR.576 320.2
88.647 318.7

88.603 319.64

18314N1654
87.462 162.4
8lUSI 159.4
88.554 160.2
88.677 158.0
88.680 159.5
88.46~ 159.74

STF 2272 AB
0.23 1.53
0.25 1.82
0.30 1.70
0.32 1,51

0.75 1.614

STF2316 AB

0.009
0.027
0.017
0.014

0.072

0.044
0.060
0.061
0.034

1.66
1.57.
1.56
1.58
1.67
1.592

0.009
0.020
0.015
0.023
0.018
0.021

0.37.
0.50
0.64

0.51

3.58
3.70
3.60
3.618

11632 18418N5927 STF 2398 AB
88.666 169.') 0.16 13.55 0.023

STT 358 AB

11632 18418N5927 STF !398 AD
SI{666--rbo.3--6:TIl 91.53 0.180

11667 18413S0064
---88.732 120.6

0.23
0.34
0.18
0.26
0.10

0.66

STF 2379 AB
0.06 12.87 0.113

11667 18413S0064 STF 2379 AC
s-S:'f3T--145.3 0.36 24.80 0.115

11811 18505N3715
-=-=.=..=..o--;;-88.5il 159.8

88.571 159.0
88.573 155.4
88.573 156.4

88.572 157.92

18505N3715
88.571 146.3
88.573 146.2
88.572 146.25.

11902 18545N1329---r 88.661 296.4

11811

11902 18545N1329
88.661 268.5

11916 18553N1244

BU 137
0.46
0.56
0.47
0.32
0.98

BU 137
0.75
1.03
0.05

AB
1.67
1.63
1.68
1.44

1.610

0.04\
0.020
0.046
0.023

0.050

0.72

0.23

0.46
0.49
0.60
0.72
1.37

0.74
1.00.
1.43

0.84

0.45
0.67
0.40
0.52
0.21

1.52

0.32

0.21

0.13

0.73

0.92
1.12
1.06
0.64
1.80

STF 2424 AB
0.10. 18.95 0.100 0.21

STF 2424 AC

AC
23.91 0.267
23.83 0.130
23.870 0.040

88J61 261.0
STF 2426 AB

0.23 78.27 0.343

0.20 16.3~ 0.149 0.40

0.151

0.362

0.Ql8
0.055
0.034
0.028
0.132

0.088
0.119
0.136

0.056

0.Ql8
0.040
0.030
0.046
0.036
0.049

0.046

0.361

0.226

0.258

0.082
0.040
0.103
0.046
0.092

1.50
2.06

0.06

Q.534
0.260
0.046

4.1
4.1
4.1

6.1
6.1
6.1

5.5 7.8
6.0 9.0

6.8
6.8
7.0
7.0

7.0
6.9
7.2
7.2

8.0 8.5

8.0 11.0'

7.5 8.5

7.5 12.0'

8.0 .8.3
8.2 8.3

8.2 8.4

0.200 6.0 9.0

8.0 9.0

0.46 0.686

0.298

2.0

0.2

2+2 GP

1+2 GP

1+1
1+1
1+1
2+2

DZ
DZ
DZ
DZ

DZ4

1+2
1+1
1+2

GP
DZ
GP
GP2, DZI

1+1
1+1
3+3
2+2
1+1

DZ
DZ
DZ
DZ
DZ
DZ5

2+2 GP

2+2 GP

1+2 GP

1+2 GP

1+1
2+2
1+1
1+1

GP
DZ
GP
DZ
GP2, DZ2

1+1
1+1

GP
GP
GP2

2+2 GP

1+1 GP

1+2 GP

N

N

N

N

N

N

N
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Table 1 (continued)

ADS e 08 p op 0(8) 0(P) m. m2 ~rn Q Obs, Note

11971 18576S0051 STr 2434 AB------8ii~647 96.4 0.11 26.05 0.032 0.27. 0.079 1+2 GP N

12026 19008N1343 BU 287 AC
88,729 76.7 0.13. 160.75 0.164 0.27 0.366 3.0 12.0 · 1+2 GP N

12026 19008N1343 AD
88.729 151.0 0.13 202.34 0.177 0.26 0.395 3.0 10.0 · 1+2 GP

12029 19009N0624 STr 2446 AB
87,67i 153.8 0.3-6 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 0,43 9,55 0,086 0.87 0.172 7.0 9.0 1+1 GP
87,708 152.7 0.19 9.48 0.075 0.38 0,150 7.5 9.0 1+1 DZ
87.690 152.40 0,74, 9.480 0.025 1.21 0.041 GP2. DZ2

12029 19009N0624 STr 2446 AC
87,672 344.8 0,34. 36.10 0.195 0.76 0.437 1+1 GP
87.672 344.4 36.65 8.0 13.0 · 1+1 DZ
87,70s 347,6 0.27 36.21 0.109 0.53 0.218 9.0 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 STr 2466 AB
88.565 103.7 l.i7 2.40 0.031 2.35 0.063 1+1 GP.
88,565 103.7 0.59 2.36 0.032 1.18 0.064 8.5 9.0 1+1 DZ
88,567 104.9 0,26 2.58 0,029 0.52 0.058 8.0 8.5 3+3 DZ
88.568 101.7 0.25 2.29 0.022 0.50 0.044 8.0 8.3 3+3 GP
88.567 103.52 0.84 2.421 0.074 1,95 0,171 GP2, DZ2

12071 19040N2939 STr 2466 AC
--~68--r46~-- 0.08 98.79 0.150 0,17 0.301 8.0 10.0 · 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 STr 2496 AC
---~666--Z;ff.1-6~05 185.70 0.105 0,12 0,234 7.0 10.0 · 1+2 GP N

12708 19332NOO07 BU 249 AB
88.571 118.6 0,78 0,64 0.013 1.56 0.026 7,5 9.6 1+1 DZ
88.737 115.9 0.4 7. 0.91 0,009 0,94 0.017 7.5 9.5 2+2 DZ
88.740 115.8 0.26 0.89 0.010 0.53. 0,020 7,2 9.2 2+2 DZ
88.705 116.40 0.78 0,848 0.074 1.42 0.135 DZ3

12880 19418N4453 STF 2579 AB
88,737 230.4 0,19 2.42. 0.013 0.39 0.026 3.0 8.0 2+2 DZ
88,740 230.2 0,07, 2.43 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 f9426N3330 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 0.42. 5.45. 0.090 0.83 .: 0.202 8.6 8.7 1+2 DZ

88,737 84.15. 0,05, 5.455 0.005 0.07 0,007 GP, DZ
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Table1 (continued)

MICROMETE~ MEASUREMENTS OF TRIPLE STAR SYSTEMS

ADS /1 p a(6)

lJ~!;4 20076N5639
'---S8.737-"63.0-'

8S.737 61.8

88.737 62.31

ES 132 AC
0.16
0.16
0.59

33.92 0.080
33.84 0.115
33.874 0.040

13524 20123N7725 STF 2675 AB
88.729 121.0-- 0~41- 6.91 0.079

13524 20123N7725 STF 2675 AC
----8-s--;-fi9--f35.0 0.11 173.02 0.149

13778 20166N3905
-=-='- "----8:-0-8:7~s 2. 3 .

R8.748 284.2

88.748 283.25

STF 2668 AB-C
0.51
0.24.
0.95

3.23
3.16
3.195

0.064
0.031
0.035

138% 20237N1826 JlO~13:;...!1,----~A.!;:.B..,..
8H.7~330-:3--0.86 3.49, 0.044-

13886 20237N182:;6-=--c-_--;;~,----;,:A:,;::D=
8H.73:; 97.4 0.13 88.07 0.154-

13R86 20237NI826 HO 1:..::3--=--1_--,=AC
---SR.732 --73.5-----oTo 74.32 0.214

14180 20390N4951
-----SH.561-- -T85~2 --

88.568 186.7,
88.567 185.95

14186 20390N495I AC
88.567 235.7
88.568 236.2
88.567 235.95

14233 20402N1157
----86.780--fi9:4

86.793 125.7
86.859 125.5
86.823 126.52
88.571 131.4
88.571 129.6
8.8.573 126.7
88.573 131.4

88.572 129.77

14296 20435N3607
--8(709 --16.8

88.740 13.2
88.740 15,5
88.743 14.8

88.741 14.50,

14296 20435N3607

ES 91
0.97
0.36

0.75

ES 91
0.44
0.84

0.25

AB
4.70
3.90.
4.300

0.047
0.006
0.400

17.420.113
17.43 0.232
17.425 0.005

STF 272':..:3~A':!.B~
0.37 1.05
0.25, 0.97
0.13 1.03
1.18, 1.020

0.88 1.05
0.27 1.04
0.55 1.15
1.33 1.08
1.11 1.080

STT 413
1.21
0.86,
0.47
0.23,

0.68

S 765

AB
0.84
1.00·
0.97
0.89
0.953

0.012
0.016
0.008
0.021
0.020
0.009
0.030
0.017
0.025

0.019
0.011
0.014
0.009

0.033

AC
88.740 105.7 83.36 0.109

l
L

0.32,

0.32
0.31
0.91

0.83

0.23

1.13,
0.48
1.10

1.93

0.26

0.20

1.94
0.72
0.87

0.62
1.68

0.29

0.74
0.51
0.27
1.92
1.97
0.54
1.11
3.25

1.81

3.20
1.92
0.95
0.46

0.96

a(P)

0.179
0.258

0.060

0.159

0.334

0.144
0.061

0.040

0.098

0.344

0,429

0.094
0.013

0.462

0.160
0.465

0.006

0.024
0.032
0.016
0,035

0.044-
0.018
0.061
0.033

0.041

0.043
0.023
0.028
0.018

0.046

Note

9.0 8.8

4.0 11.0'

4.0 10.0'

8.0
7.0

10.0 •
9.0 •

8.0 12.0'

8.0 10.5 •

8.0 10.5 •

9.5
9.8

9.7 *
10.0 *

9.8 9.9

7.2 ,8.8
6.9 8.7
7.0 8.5

7.5 9.0
6.9 8.7
7.7 ,8.0
6.9 8.7

5.0
5.0

6.5
6.3

0.64 0.219 5.0 10.0'

1+2
2+2

1.0

Obs.

GP
DZ
GP, DZ

1+2 GP

1+2 GP

1+1
1+1

GP
DZ
GP,DZ

3+2 GP

3+2 GP

2+2 qP

1+1
1+1

DZ
GP
DZ,GP

1+1
1+1

DZ
GP
DZ,GP

1+1
1+1
2+2

DZ
DZ
DZ
DZ3
GP
DZ
GP
DZ
GP2, DZ2

1+1
1+1
1+1
1+1

1+1
1+1
1+1
1+1

GP
GP
DZ
DZ
DZ2, GPI

1+1 GP

N

N

N

N

N
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Table 1 (continued)

ADS 8 u8 p up u(8) u(P) m. ml a.m Q Obs, Note

14573 20580NOI08 STP 2744 AB
86.864 125.6 0.66, 1.26 ,0.015 1.32, 0.029 0.4 1+1 DZ
86.865 121.8 0.32, 1.42 0.D18 0.64 0.037 0.5 1+2 GP
86.867 121.6 0.19 1.38 0.041 0.38, 0.082 0.7 1+2 GP
86.875 124.2 0.34 1.26 0.D15 0.68, 0.030 0.4 2+2 DZ

86.86? 123.18 0,19 1.330 0.041 1.80, 0.082 DZ2, GP2 N
88.551 127.6 0.22 1.21 0.010 0.44 0.021 7.0 7.5 1+1 DZ
88.554 126.6 0.21 1.20 0.008 0.43 0.D15 7.0 7.5 2+2 DZ
88.563 127.2 0.19 1,28 0,009 0.37 0.018 7.0 7.5 2+2 DZ
88.677 125.9 0.27 1.21 0.01':1 0.54 0.038 7.0 7.3 1+1 DZ N
88.577 126.85 0.32 1.230 0.Q21 0.64 0.041 DZ4

14773 21096N0936 STP 2777 AB-C
88.721 3~fi]--0-:U---60350.067 0.34 0.149 1+2 GP N

14889 21166N3202 STT 437 AB
88.675 25,0 0.34 2.16 0.012 0.68 0,025 7.0 7.2 1+1 DZ
88.677 25.2 0.26, 2.04 0.009 0.53 0.018 6.9 ,7.6 2+2 DZ
88.743 24.8 0.50 2.12 0.066 1.00, 0.147 8.0 8.5 1+1 GP
88.743 24.5 0.37 2.21 0.024 0.74 0.048 6.9 ,7.6 1+1 DZ
88.74(i 25.3 0.51 2.10 0.021 1.02 0.043 7.5 8.0 2+2 GP
88.746 25.0 0.11 2.17, 0,025 0.23 0.050 6.9 , 7.6 2+2 DZ
88.757 27.4 0.47 2.14 0.028 1.04 0.063 0.5 1+1 GP
88.757 25.5 0.16 2.08 0.055 0.33, 0.110 6.8 7.5 1+1 DZ
88.728 25.29 0.27, 2.121 0.020 0.73 0.054 DZ5, GP3

14889 21166N3202 STT 437 AC
88.74~ 141.8 0.11 80.71 0.067 0.23, 0.134 8.0 10.0 * 1+1 GP
88.746 142.2 0.09, 80.43, 0.108 0.19 0.216 7.5 10.0 * 2+2 GP N
88.746 141.4 1.20 80.99, 0.050 0.41 0.100 6.9 , 10.5 * 2+2 DZ

88.74~ 141.80, 0.25 80.710 0.177 0.46, 0.323 GP2, DZI

14954 21202N0857 STP 2793 AB-C
----ss:73r-242. 2---6: 05 26.62 0.050 0.11 0.101 8.0 ,9.0 2+2 GP N

15007 21240N1039 STP 2799 AB
------88,675- 263.2 0.25 1.72, 0.012 0.51 0,025 7.5 7.5 1+1 DZ

88.677 265.2 0.32, 1.86, 0.016 0.64 0.031 7.5 '7.5 1+1 DZ
88.797 265.1 0.84, 1.67 0.014 1.87 0.053 1+1 GP
88.797 264.5 0.30 1.71 0.010 0.59 0.021 7,5 , 7.5 1+1 DZ

88.737 264.50. 0.46, 1.740 0.041 0.75 0.068 DZ3,GPI N

15896 22188N2021 STP 2900 AC
88.647 309.8 0.06, 86.10, 0.098 0.13 0.239 * 1+2 GP

16317 22474N6109 STP 2950 AB
8-6.788 286.8 0.25, 1.53, 0.022 0.57 0.050 1.0 1+2 GP
86.788 287.3 0.68 1.48 0.018 1.35, 0.037 1.0 1+1 DZ
86.791 288.8 0.43 1.51 , 0.033 0.87 0.067 0.5 3+3 GP
86.791 289.2 0.30, 1.38. 0.007 0.60, 0.014 * 0,4 , 3+3 DZ
86.856 287.1 0.31 1.44, 0.008 0.63 0.017 1.1 1+1 DZ
86.859 285.8 0.62 1.57, 0.037 1.24, 0.074 0.8 1+1 GP
86.859 286.7 0.43 1.59, 0,023 0.85 0.047 1.0 , 1+1 DZ
86.808 287.92 0.48, 1.482 0.029 1.34, 0.080 DZ4,GP3
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able 1 (continued)

ADS u(p )p u(6} Obs,

16345 22492N4413
&8.740 2i2.3
8&.740 211.1
&&.740 211.70

BU 382 AB
0.017
0.024
0.055

16345 22492N4413 IU 1828 AC----88740·- 359.0--0.27;-=..::.:::.....---'2~8;::,.8=00.037
8.740 358.6 0.38 28.87 0.076
R8.740 358.80 0.20 28.835 0.035

16649 23125550164

1.33
0.47
0.60

1.00
0.89
0.945

BU 79 AB

86.712
86.862
86.&62
86.865
86.&65
R6.813

22.9
22.7
20.8
23.4
20.3
22.17

16928 23363N3201
-----86:7RO 233.3

86.780 231.6
86.791 231.7
86.791 230.1"
R6.856 230.5
Rr..859 231.1

.R6.859 230.8
86.809 231.25

0.41
0.92
0.44
1.1 O.
0041
0.59

1.58
1.60
1.51
1.82.
1.55

1.607

BU 858 AB
0.85
0.50
0.83
0.36
0.13
0.25.
0.41

0.38

0.80
0.77
0.79
0.78
0.86
0.84.
0.86

0.806

17149 23544N331O STF 3050 AB
- --86:728· ·--lf6.5--0~D- ---err

86.774 316.6 0.37 1.60
86.775 315.7 0.67 1.60
86.777 315.3 0.37 1.66
87.777 316.1 0.10 1.64
86.856 316.5 0.10 1.64
86.859 317.1 0.32 1.73
86.859 316.5 0.25 1.69

86.800 316.29 0.19. 1.661

0.024
0.112
0.019
0.044
0.027
0.050

0.018
0.014
0.008
0.012
0.009
O.OlZ
0.010

0.014

0.027
0.017
0.029
0.028
0.012
0.013
0.036
0.029
0.017

3.27
0.94
0.69

0.54
0.75
0.23.

0.92
2.05
0.87
2.21
0.82
1.17

1.70
1.00.
1.85
0.71.
0.26
0.51
0.82
0:95

0.46
0.73
1.35
0.82
0.20
0.20
0.64
0.51

0.64
--------------_ .._----

0.034
0.047
0.064

0.074
0.\53
0.040

0.048
0.250
0.037
0.089
0.053

0.100

0.037
0.Q28
0.017
0.023
0.019
0.024
0.019

0.035

0.054
0.034
0.059
0.056
0.024
0.027
0.081
0.058
0.056

7.5 .8.5
6.0 8.0

6.0 9.0

8.0
7.5

7.4

7.2

7.0
7.0

8.5
8.5

8.9

7.2

7.0
7.0

1.5
1.2
1.0
1.5
1.0

0.5
0.5

1.0
0.5

0.1 2+2
2+2

0.0 1+2
2+2
3+3

0.0 . 2+2
0.1 2+2
0.0 2+2

1+\
1+1

GP
DZ
GP,DZ

1+1
1+1

GP
DZ
GP,DZ

2+2
1+1
1+1
1+1
1+1

GP
GP
DZ
GP
DZ
GP3, J)Z2

1+ 1
2+1
2+2
2+2
1+1
1+1
1+1

GP
DZ
GP
DZ
DZ
GP
DZ
DZ4, GPJ

GP
DZ
GP
GP
DZ
DZ
GP
DZ
GP4, DZ4

In relations (l) m is the number of readings
(settigns); later 0 denotes the value of the. micrometer
revolution for a given temperature of observations. In
the reductions the errors of the micrometer screw are
alsotaken into account, as earlier.

The welJ-known relations in this case acquire a
followingform

m~ e·
i=l I

9=--m
(la)

m
~ a

- i=l I
a=--'m

m
~ b

i= 1 I
b=--

m

(I b)

Note

N

N

N

(Ie)

(ld)

(Ie)

(If)
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G.M. POPOVIC and n.r. ZULEVIC

o (p)
o ----r==

P Vm (lh)

The results of measurements performed on several days
(evenings) are presented throught the 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 8 from n observation evenings: 8 (rel. (2b».

Third row contains the mean error of the weighted
mean 8: 0;; (rel. (2c»,

Fourth row contains weighted mean of p from n
observation evenings: is (rel, (2d».

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

Sixth row contains dispersion of 8 measurements
corresponding to a single evening: 0(8(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 quali ty of measuring. In this way the value
of the sum Q is most frequen t\y equal to 3, i.e. p :: 1

If 8, p and t from (1) are denoted as (0), pen, 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

n
~ Pi t(i)
1=1t::=--.::._--

n
~ p'
i=1 1

Table 3. Notes

ADS Notes

684 AB
1548 AB
1630 Be
2122 AB
3093 Be
3991 Be

. ,.
Baize. 1964: +009. - 0.05
Zulevic, 1981: +004, +0~11
Muller, 1957: +1~8, +0~18
Rabe, 1961: +1~6,-0~'13
Heintz, 1964: +0~9, -0:'87 "
Be round (Bos, 1962: p (1988.0) = 0.17)
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n
~
i=l Pi

(2b)

0-:: 0 (8 (i»
(J j£ p

i= 1 1

(2c)

n
.~ Pi p (i)

- 1=1p=-----
n
~
i=l Pi

(2d)

o (p (i»
0- ::p/rs-

v' i~l Pi

(2e)

(20

( (.» jPi (p (i) - p)2
OP!:: -n-l {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), bu t 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

(2a)

The notes from this section are comments of the
observers expressed during the observations. Compari-
sons of the present observations to the ephemeris of 25
orbital pairs contained in this series (Couteau, P .Morel .
P J., Fu1conis, M., 1986) are also given.



MICROMETER MEASUREMENTS OF TRIPLE STAR SYSTEMS

Table 3 (continued)

ADS

5871
6364 AB
6650 AC

--,if 6700 AB

6811 A-BC
8355 AB
8440 AB
8539 AB
8695 AB
9626 Be
9695 AC
9716 AB-C
9909 AB
9969 AC

10075 AB

10193 AC

\0235 AB
\0345 AB
10394 AB
11046 AB
11353 AB
Jt483 AB
11632 AB
11632 AD

11667 AB
11916 AB
11911 AB
12026 AC
12240 AC
12880 AB
12913 AB
13524 AB
13728 AB-C
13886 AS
13886 AC
13886 AD
14296 AB
14573 AB

14773 AB-C
14889 AB

14954 AB-C
15007 AB
16345 AB

16649 AB
17149 AB

Notes

------~---------------------------------------------------------.-------------------------

REFERENCES

Karrnel, 1939: +206, -0:'03.
mB = mC (IDS: mB =11.4, rne = 10.4) .
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Table 1 (continued)

ADS Disc. Mult. Epoch P p Est. Mag. n Notes
IDS 1900+

1615 STF 202 86.873 280~6 1':69 4.2 ~5.2 I
01569N0217 86.876 283.3 1,75 Ll.m = 0.8 I

86.875 281.9 1.72 '2 Rabe, 1943: +6':1, +0'.'09
Scardia, 1981: +1.7, ~0.18.

2034 STT 43 86.873 5.4 0.94 Ll.m = 0.8 1
02349~2612 86.876 5.1 0.93 ~.0~8.7 I

86.875 IT 0.93 T Heintz, 1962: +0~3, ~0~'07.

2377 STT 50 All 86.876 163.2 1.06 8.5~8.5 Popovic, 1972: +0~3, +d:04.
o 3017 !\' 7 I 10

2446 STl 53 86,876 256.5 0.82 8.0~8.8 Rave, 1948: ~5~3,-0'.'02
03113N3816 Zulevic, 1984: --2~1,.-0':03.

41<)3 SlT 752 87.141 141.9 10,93 3.2-7.3
05305S0559

6 j'75 STF 1110 88.253 320.3 1.27 Ll.m = 0.0
07282N3206

7092 STF 3120 88.245 0.3 1.29 8.0~9.5
08494N4404

7286 S11 1333 88.253 50.5 1.93 6.4~6.7
09123N3547

7685 STT 213 88.253 125.9 0.84 Ll.m = 1.5 Heintz, 1962: +1~5, ~rj:07.
10075N2755

7704 STT 213 88.253 182.2 1.36 7.3~ 7.4 Wierzbinski, 1956: +0~4,~d:07.
10 ION1814

8119 STF 1523 88.253 75.7 1.74 4.4-4.9 Heintz, 1967: O~O,+0~'o7.
11128N3206

8148 STF 1536 88.253 132.1 1.88 4.5- 7.0 Baize, 1951: -3~3, ~O'~20
l1J87NI105

8189 STT 234 87.429 144.3 0.52 8.0-8.0 Couteau, 1965: 4~0, +0'.'11
11254N4150

8252 STT 237 87.297 250.4 1.72 8.0-9.5
11336N4142 87.360 247.5 1.89

87.4 39 248.4 1.65
87.431 249.3 1.92

87.379 248.9 1.79 4

8655 A 1783 87.297 217.9 1.54 9.5-9.5 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 Baize, 1983: --2~5,-0~'O3
12458N2105

8709 A 2000 88.401 50.6 1.02 9.1-9.3
12517N4333

9031 STF 1785 87.462 163.0 3.21 Ll.m = 0.2 Strand, 1955: -1~7, -d:20
I 3445N2729
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Table 1 (continued)

ADS Disc. Mull. Epoch P p Est. Mag. n Notes
IDS 1900+

, 9563 A 1366 87.4 34 80~5 3~75 8.5-10.0 1
15 122N34·H) ll...440 84.3 4.12 1

87.437 82.4 3.94 2"

')51)(, sn 1929 ~7.4 34 4.6 6.58 9.0-10.1 I
15121)N3361 R7.440 8.3 6.56 1

iflA37 6.5 6.57 "2

9174 SIT 1816 37.360 89.9 0.12 7.5-7.6
1-l095N2934

9~13 SIT 1888 All 87.442 328.1 7.15 5.0--6.0 1
144MlNI931 !P.46 I 327.3 7.14 1

R7.45 I 327.7 ill "2 Wiclen, 1962: +O~I,+0:'05

9-123 flU 31 All 87.442 217.1 1.85 8.2-9.5 1
14479N 1869 87.451 215.3 1.65 I

87.541 220.6 1.70 1
87.544 216.4 1.66 1
87.494 217.4 1.72 "4

9HRO SrT 303 88.354 165.9 1.35 7.4-7.7
15562N 1335

9910 sn 1999 All ~7.429 100.1 11.63 7.8-· 8.0
IS589SIII()

99R2 SIT 2026 88.516 22.9 2.65 8.6-9.1 Heintz, 1963: ~ J~J, -0:'35
16111N0737

1003(' Rl' 951 AB-C 88.565 38.3 1.10 8.2-8.7 1
Ihl9RN3335 88.567 36.3 0.97 I

s83('(, Ii] 1.03 '2

10070 s rr 2049 88.5 \(; 197.8 1.32 6.5-7.5
16238N~572

10071 BU H13 88.516 173.5 1.07 8.4-8.4
i6219N 2640

I02RS SIF 31G7All 87.45 J 79.9 1.43 9.0-9.1 1
J 6S39N0307 !l8.571 80.3 1.47 1

88.573 80.0 1.37 I
R8.680 79.0 1.61 1
fl8.569 79.8 1.47 "4

10312 STF 2114 88.557 191.5 1.22 6.7- 7.7 1
16572N0836 88.562 190.6 1.25 1

88.559 191:0- rn 2'

10429 A 2984 88.557 1.6 0.82, 4.9- 7.9 1
1711450020 88,5 62 1.6 0.94 1

88.559 T:6 0.88 '2

10769 STF 2205 88.557 343.8 1.41 8.5-8.9 1
17413N1745 88.562 341.1 ~ .i.

88.559 342.5 1.43 2

10795 STF 2215 88.557 261.7 0.59 6.2-7.0 1
17427N 1744 88.562 261.4 0.65 1

88.559 2m 0.62 2"
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Table I (continued)

ADS Disc. Mu1t. Epoch P p Est. Mag. n Notes
IDS 1900+

10814 HU 1182 88.557 322~6 0~56 9.3·-9.5 I
17451N353R 88.562 324.0 0.66 I

88.559 323.3 0.61 "2

11001 STr 2267 88.571 264.5 o.rs 8.0-8.0 1
17584N40j 1 88.573 261.7 0.77 1

88.572 263.1 0.78 '2

11568 STI' 2384 AU t;~.677 ;rHU 0.53 8.6-9.1 Heintz, 1975: -4~9,+O'.'13.
18385N6702

1] 635 STr 2382 AU 88.551 356.; 2.33 5.1-6.1 1
184]ON3934 88.554 353.2 2.38 1

88.674 351.2 2.66 1
88.680 352.3 2.61 I
88.615 353.2 2.49 4' Cuntzel c l.ingncr, 1956: +O~L,-0':14

11635 STF 23R3CD 88.551 87.0 2.50 5.1-5.4 1
18410N3934 88.554 87.6 2.22 1

88.674 !l6.9 2.S3 I
88.680 87.5 2.50 1
88m 87.2 2.44 '4 Guntzel=Lingner, 1956: +0~5, +0~15.

I J 711 STF 2400 Be 88.557 204.5 0.84 8.2-1.1 1
18444N1609 88.562 204.5 0.71 I

88,559 204.5 0.77
"2

STF 2400 AB 88.557 160.8 8.46 8.0-10.5 I
18444N 1609 88.562 160.9 8.44 1

88.559 160.9 8.45 2'

11805 Ho 89 88.573 169.5 5.88 8.5 -12.5
18499N3721

11897 STF 2438 88.677 3.8 0,91 7.0-7.2 Jastrzebski, 1959: +3~O, +O~'OO.
18558N5805

12050 STF 2455 AO 88.557 32.1 7.90 7.4-8.4 1
19026N2201 88.563 32.1 7.97 1

88.560 TIJ 7.93 2'

12447 STf 2525 88.551 292.3 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 .!.

Job Tamburini, 1967: +0~3, -0':17.88.615 292.3 1.77 4

12618 A 597 86.782 95.6 1.66 8.5-10 r
19305N4208 86.791 98.4 1.55 186.78'6 97.0 1.60 "2

12889 STF 2576 AB 87.675 172.0 2.30 .6.m =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

Rabe, 1948: +2~2, -O~0388.426 171.6 2.28 "5

12930 HU 758 88.554 145.3 0.78
19432N3307
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TableI (continued)

ADS Disc. Mult. Epoch P p Est, Mag. n Notes
IDS 1900+

12972 STT 387 88.737 155~2 0~'62 7.2-8.2 1
19450N3504 88,740 154.8 0.62 1

88.738 155.0 0.62 T Baize, 1961: +1~5,+d~02

13649 BU 984 86.774 252.7 0.78 8.7-9.0 I
201 34N2604 86.777 250.5 0.70 I

86.780 250.5 0.66 I
86.777 251.3 0.71 3

13866 .I 559 86.777 269.2 2.20 ~m = 0.1 I
20223N0928 88.680 271.6 2.28 1

87.728 270.4 2.24 '2

13878 AG 256 AB 88.680 350.7 5.03 9.5-9.7 I
20231N0938 88.748 351.5 5.22 I

'Blrrr4 TsTi 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

86.856 242.2 0.99 1
86.859 241.8 1.00 1
86.819 24'1:9 1.03 '4

(4360 STF 2729AB 86.862 14.9 0.95 ~m = 0.5 Heintz, 1982: +0~8, -d'oo
20461S0560

14424 BU 367 AB 86.862 124.3 0.50 ~m = 0.2 Heintz, 1962: +0~2, 0~00
20508N2743

14499 S1r: 2737 AB 86.785 286.5 0.79 ~m = 0.2 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 0.91 '4 Van den Bos, 1933: +cf.3, -0~11

sn 2737 AC 86.791 67.2 10.25 7.5-8.7 1
20541N0355 87.787 66.0 9.95 1

87.289 66.6 10.10- 2"

14783 H 48 86.1162 255.6 0.48 7.1-7.3 1
2111 m6400 86.875 254.5 0.50 I

88.677 257.0 0.52 1
87.471 ~5D 0.50 3' Baiz4, 1983: -1~9, +0:'11

BL 838 86.793 143.0 1.63 8.5-10.5 1
21159N0242 86.859 143.1 1.54 I

86.875 145.4 1.44 1
86.833 143.9 1.54 "3

STT 448 86.780 197.2 0.68 8.0--8.5 I
213661"2853 86.856 197.7 0.68 1

86.875 193.3 0.53 1
86.837 196.1 0.63 3'

STF 2822 AB 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
8.8.674 301.5 1.82 1
87.475 301.0 1.88 '6 Heintz, 1966: -3~2, +0':26
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solar rotation turn, L'.X, depends on the inclination of . wi = w~ + w; + 2W2 wscos i _
the solar equator, i, as

cos(L2-L,)-sin2isinLI sinL2
~in2i sin"LI)(l-sin2i sin2L2)

(3)

where LI and L2 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 9()o what is, of course, looking from
the Earth, only a fictive case. At the same 'time, the mean
value of L'.X within a six-month interval (or in any
number of six-month intervals) is constant and equals
to L2- L" Such a dependence of L'.X 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, (;)2, 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, W3, amounting to 1.97507 x
10--7 rad S·-I, is for 1.59 x 10-9 rad S-I (or for 1
ms-I at the solar equator) smaller than in the classical
approach.

Vector W3 can be readily added to the sidereal solar
rotation velcoity, w', 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, W4, 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 WI
and W2 in Figure 1 (Kuhicela and Karabin, 1983). The
result is simply the vector Ws - 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 OPs and
not around OP. The adopted inclination of the solar
rotation axis, i = 7925, is the angle nOPs and not the
angle nOP. Also, a new relation among the involved
angular velocities followed:
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(4)

\
\
\

,11
I,
I
I

Fig. 1. Vectorial treatment of solar rotation velocities. On =
direction toward the ecliptic pole. z! I = solar sidereal angular
rotation velocity, z!2 = angular velocity effect of Earth's
revolution, <J3 and j'4 = the orthogonal components of iJ2, and
<Js = solar synodic angular rotation velocity. OP = solar sideral
and OPs = solar synodic rotation axes.
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I
'It has to be taken as a generalization of the relation (2).
Besides,the angle between the two rotation axes, POPs,
turned out to be about 095: the sidereal rotation axis is
for this amount closer to the ecliptic pole than the
visiblesynodic rotation axis.

4. A COMPLEX PIClITRE OF SYNODIC SOLAR RO-
TATION

Recently. the concept of double solar rotation axes
has been elaborated in more detail (Kubicela, 1986).
The angular velocities WI and W2, as well as the angle
nOP, have been considered as variable.

Indeed. W I changes across the solar disk with
sidereal heliographic latitude according to (1). As the
latitude gradient of W I is always present (solar differen-
tia!rota tion), a whole continuum set of synodic rotation
axes with the corresponding poles, as well as with the
equators and the syn odic 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 angular velocities. Knowing the
Earth's orbital angular velocities and the inclination of
themean observed (synodic) rotation pole, one can find
the posi tions of all synodic poles. Taking i = 7925 as an
observedrinclination of the mean synodic pole that
corresponds to the low sidereal heliogaphic latitudes
(100 < '-P. < 200), 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

pole positions within an interval of about 0923 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.v * .

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 W2. The quantity W2

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 tile
observational errors in determination of the synodic pole
position. TIle smallest nominal error up to now, amount-
ing to ± 09017, has been claime d by Balthasar et al.
(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 lati tudes 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

I I
t30 135

I
7:40 17.50

L ~

Fig,2. One-idimensional diagram of the elongation, i, of synodic rotation poles from the ecliptic pole for the mean angular velocity of
theEarth'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 is at i = 6<?74.

I
125

t Corrington's value

¢== SIDEREAL POLE: i =6~74
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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 WI is always oriented along the sidereal solar
rotation axis and vector (;)2 is directed toward one pole
or a planet's orbit. In the Earth's case they subtend a
constant angle. There is, however, a nce d 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- Is

W2 sin i), has been found and shown in Table I for
sidereal heliographic latitudes <p. = 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 at r =
0.3 a,u, and i = 600

(angles in degrees, velocities in I.trad 5-1)

<p. WI Ws ~i

0 2.835 2.464 25.2
30 2.716 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
angie between the two rotation axes for the latitude
interval of 900, being 2590 ~ t ~ 3696, is striking
compared with the corresponding Earth's interval, 0<;>5 ~
Ai ~ 097. .

Another claculation, namely for r = 0.17 a.u., 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 WI and Ws 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 ex amples of various inner
planetary orbits, it is interesting to consider the shift of
the aphelion pole set (i e, the W2 +changes) in a limiting
case: when a planet is being moved to stellar distances.

Then, from second Kepler's law

increasing the semiaxes of the planetary orbit, a and b,
the revolu tion period, T, and the in tensi ty of the radius
vector, r, ad infinitum, one obtains

Jim W2 = O. (5)

Relation (5) introduced in (4) irrespective ·of the
inclination, I, yields

WI =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 'P, 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
c-istencc of two rotation axes seen from the Earth and
J improve determination of the inclination of the

synodic rotation axis.
4) Demonstrated variety of synodic rotation para-

meters 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
transforrna lion 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,
e.g. 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 data of high accuracy for the contribu-
tion of the main broadening mechanism.

b) For the bulk of (~ 106
) lines, as well as for

smaller contribu tions 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 ex tensive 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
peculiarabundances as compared to the Sun.

111e in terest for a very extensive list of line
broadening data is stimulated also by spectroscopy from
space.After the launch ofCopemicus in 1972, it became
possible to study the ultraviolet 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 III 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 aU 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. TIle 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 Teff ~ Ht K,hydrogen. tile 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 AD type. Even in
cooler stars atmospherae as e.g. Solar one Stark broade-
ning may be importan t 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 ofa number of
Solar lines. We can see that far line wings of e.g, Ha: 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 (Dimitrijevic,
SahaJ- Brechot, 1984ab; 1985) and Stark broadening
contribution may become Significant in the Solar spec-
trum (Vince ej al, 1985abc)_
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Another case where the Stark broadening is the
dominant pressure broadening mechanism are radio
recombination lines from in terstellar 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 tile
emission nebula W51 (Lang and Willson, 1978).ln figure
3 are given observed linewidths ~vL' plotted as a
function of principal quantum number, n. The solid
curves illustrate the convolution of Stark and Doppler
broadening for differen t values of electron density, Ne.
The dashed lines correspond to N, = 103

. cm+ ' and
Stark broadening which varies as n4

.0 and n5
•
0
• Under

the assumption that the Stark broadening varies as 0
4
•
4
,

these da ta indicate that Ne = 103.0 ± 0.1 cm-3.

MILAN S. DIMITRIJEVlC

Figure 1. Schematic Hertz sprung=Russell diagram: m.s., main
sequence.

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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Figure 3. Observed linewid ths in the emission nebula \V51
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 (Ne) of an astrophysical plasma and
surface gravi ty in stars.

c) 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 andDoppier broadened profiles in the
emission nebula W 51 (Lang and Willson, 1978).

In order to explain astrophysical spectra, the know-
ledgeabout the pressure broadening is often needed. An
example is the Stark shift in the spectra of white dwarfs
which made difficulties 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
illustration, 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.

W (10 rod 5- )

1

s
0.6 0.6 0.4 02

Figure 5. The full half wrd th for Na I 3p-6s line due to collisions
with neutral (S--.R) and charged particles (S) as a function of the
heliocentric angle (11 = COSO).
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Figure 6. Relative Na I 3p-6s line shifts (shift at the Solar disk
centre is taken as zero) as a function of the heliocentric angle C!1

= COSO) 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 arc a powerful diagnostic tool in studying stellar
atmospheres. Tn cooler stars, such as the Sun, the line
in tensi ty 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 0 and
13stars, and also of some white dwarfs and AO type
stars (Teff ~ 104 K) hydrogen is mainly ionized and the
main collisional broadening mechanism for spectral lines
is the impact hroadening by electrons (Stark broaden-
ing). In such case the atmospheric pressure P is propor-
tional to the electron concentration Nc at a fixed
temperature. from the hydrostatic equation we can now
deduce the surface gravity g. Total pressure P is given by
P = gk (the coefficien t k is different for different
particles).

rn

Figure 7. Stark broadening of high member series lines at 2"
above the limb over active regions. The density of 2 x 10 1 1

cm-3 is an average of the actual values. The dashed curve with a
density of 1.4 x 1011 cm-3 is fitted to the data at 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

where r/>(r) is a contribution function depending on the
structure of the stellar atmosphere and the relevant
states of excitation and ionization and t is the optical
depth in the continuum. If the line is not weak, the
situation is much more complicated. The relationship
between X and (WIA) 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): (WIA) = X

Flat (sa turated): (WIA) == :.1 vo lc

Damping branch: (WIA) = (AX'Y/1TC) 1/2

Here, 'Y is damping (pressure broadening) constant
and vo 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 caIcula tions 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. Dimitrijevic
(1982) and references therein).

3. LINE SHAPES INVESTIGATIONS IN YUGOSLA·
VIA 1962-1985

Since the first article on this topic (Vujnovic et al.,
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 international journals are given in Table I
for every year. We can see that 113 articles are published
in international journals during the considered period.
Also, 12 theses for Mr.S\:. degree and 9 doctoral theses
have been done. Among the published articles, IS 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 J: Number of articles, authors and articles in international
journals, published by Yugoslav research workers in the period
1962-1985

Year Number Number Number
of articles of authors of articles in
published international

journals

1962 I I 1
1963 0 0 0
1964 2 2 0
1965 1 I
1966 0 0 0
1967 0 0 0
1968 2 4 1
1969 4 4 0
1970 IS 13 4
1971 11 9 4
1972 10 11 4
1973 10 13 3
1974 16 16 4
1975 14 15 5
1976 23 16 4
1977 13 14 7
1978 23 16 8
1979 17 14 7
1980 30 19 6
1981 26 17 4
1982 46 19 9
1983 31 19 10
1984 41 22 13
1985 35 21 7

Total 371 102

plasmaswith Ne = 2 X 10J 3 - 4 x 10J 7 cm= ' and T=2
x 103 - 6 X 104 K. In Yugoslav laboratories, Stark line
widths are measured for 352 lines for 58 different kinds
of emitters. Stark shifts for lines of non hydrogenic
emitters are measured for 187 lines and 33 different
emitters. The plasma sources were: a) The source of
Josephson type (Figure 8) (e.g. Ll'uric et al, 1970).
Here, a condenser battery was discharged via a triggered
spark gap. The discharge between the ring and cylindri-
calelectrode in the source is pinched, causing the shock
waveto propagate along the expansion tube; b) Pulsed
arc(figure 9) (e.g. Konjevic et al, 1971) and very similar
Z pinch; c) Electromagnetically driven T-tube (figure
10 (Konjevic et al, 1970) and d) Wall stabilized arc
(figure 11) (Durovic, 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
which there was a cen trally bored hole for end-on
plasmaobserva tions.

Theoretical research of Stark broadening was perfor-
medusing quantum mechanical (the first strong coupling
calculation for a non-hydrogenic neutral atom line, Li
[2s-2p, Dimitrijevic et al. 1981) and semiclassical (BrI,
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Figure 8. The palsma source of Josephson type.
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Figure 9. Pulsed arc
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Figure 10. Electromagnetically driven T tube.

CdI, Gel, HgI, PbI, RbI, SnI, ZnI, FI, OIl, Till, MnII,
ArIII, ClIII, SiIU, snr, NIII, em, OlII, ArlV, SilV,
CIV, NIV, SIV etc, see e.g. Dimitrijevic, 1982 and
references therein) approaches. Also, approximative
approaches useful for large scale calculations or quick
estimates, have been investigated. The modified semi-
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CA.ee.:. '

empirical approach for ion lines is formulated (Dirnitrije-
vie and Konjevic. 1981: 1977: Dirnitrijevic and Krsljanin,
J ')Sh) as \\c·1I as all approximative approach for neutral
atom lines ( Dimi trijcvic. and Konjevic , 1(86).

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
pa:)2~' on this topic is published by Puric and Cirkovic
(1')731 and up to date a lot of work is done by Yugoslav
au th ors. Stark broadening parameters regularities and simi-
larities of lines within a multiplet. supermultiple t,
transition arry. spectral series. izoelec tronic sequences
and tor homologous emitters have been investigated (see
c.g. review article. Konjevic an d Dimitrijcvic t l Ox l ) and
,-:(,:rc;\-.·(,5 therein).

Cnllcal reviews of existing experimental data for
neutral (Konjevic and Roberts. 1976; Konjevic et al.
I '),'I·tJ) and ion (Konjcvic and Wiese, 1976·. Konjevic et
al. 1l)>)4h) lines Stark broadening parameters and tables
iur doubly and triply' charged ion line: widths (Dimi'trije-
vie, 19i58) may also he useful in astrophysics as sources
of basic da ta.
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SUMMARY: Besides other research programs, at the Belgrade Astronomical 0 bservatory
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
I effect of atomic collision processes on the solar limb
fect and solar spec tralline bisectors.

The limb effect and asymmetry of solar spectral
res are. among other, caused by a spectral line shift
uch is determined by physical conditions in atmo-
heric layers in which spectral lines are formed. Each
rticular layer in which one can take that the local
rysical conditions are practically constant has its own
cal shift of the spectral lines determined by these
mditions. Consequently tile emergent spectral lines
ive to be shifted and asymmetric too.

Which part of the limb effect and line asymmetry is
ie only to collision effects') This question is very
iportan t, because the line shifts and asymmetries
xorne a very usefull diagnostic tool of the convective
yet not only in the case of the Sun but in the case of
:herstars (Dravins et al., 1981; Dravins, 1987).

TIle theory of collisional broadening and shift
'ogressed enormously in the past decade and reliable
dculations now exist for many spectral line profiles of
.trophysical in terest.

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

.LIMB EFFECT AND LINE BISECf0RS

The solar limb effect is a well known phenomenon
I solarphysics 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 cen ter and the lim b of
the solar disk which is a function of the distance from
the center only.

TIle 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 tile 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 authsrs for different spectral lines. Spectral
line shifts are expressed in velocity units (m/s) versus
cosine of heliocentric angle (8). The limb effect curves
can be divided in to 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 cos!} == 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 Jimb.
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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 al.,
1985).

3. THE METHOD OF OUR CALCULATION

In order to investigate the influence of collision
processes on the limb effect and on the spectra1limb
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

00

IA (0, p.) = J S(TA)' e-TA/Il . dTA/P.,
o

(1)

where IA (0, p.) is the emergent intensity, S(TA)is the
source function, TA 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 = 2 w/ AAD and v = (A - Ao + d)/ AAD'

AAD is the Doppler width, A and Ao 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 spectra1line
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 particles are
calculated from Stark broadening theory (Dimitrijevic
and Sahal -Brechot, 1985).

The emergent spectral line shift and asymmetries,
whithin NaI 3p2 po -ns2 S series, across the solar disk
we obtained from equation (1) using the HSRA model
of the solar atmosphere (Gingerich et al., 1971).
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flv[km/S]

-4 4 12
Fig. 3. Illustration of the origin of spectral line shift and asymmetry. Left: Schematic image of solar
granulatio», Center: Spectral line profiles of the granules (a) and intergranular lanes (b). Right: The resul-
ting profile 3TI<\ bisector (solid curve) and the undisturbed (Without granulation) spectral line profile
(dashed curve). (From Dravins e t al., 191il).
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liz, 6. Spectral line bisectors of synthetic NaI il.615 nm line for
co,>1) = 1,0.8,0.6,0.44,0.28 (0 is the heliocentric angle).

4. SO\iE 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 cen tre 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 NaI 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 5.) 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 NaI X616 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 NaI A616 nm
(Figure 7.) shows that collisional processes have an
important role in creation of the spectral line asyrnme-
tries.0.8

0.7

A616

0.9

0.6 ().8

0.7

v[ms-1]0.6L...--=-,.."....-=--!-:-----:~-~-~-~:__.."...........:..--
- 300 -200 -100 0 100 200 300

Fig. 7. Spectral line bisectors of the observed NaI il.615 nm line
for coso = 1, 0.8, 0.6; 0.44, 0.28 obtained from the spectral line

.profile data taken from Gurtovenko et al, (1976).

S. 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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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-
Jence is given here.

1. INTRODUCTION

Recently, the study of the pressure line broadening
ill astrophysics, in the Astrophysical group of the
Belgrade Astronomical Ohserva tory. directed by Dr.
Milan S Dirnitrijevic. started. TIle investigations (both
experimental and theoretical ones) of the pressure
broadening. especially of the Stark broadening. in
Yugoslavia have been successfuly performed for several
years (see e.g, Dimitrijcvic 1985. 1989).

Together with the Doppler broadening, the pressure
broadening is the main cause of the line broadening in
the stellar atmosphe res. and consequently, very importan t
creator ul the solar and stellar line shapes and shifts.
Starting from the well-established pressure broadening
theory. one can investiga te various properties in stellar
atmospheres. such as: temperature. pressure, electron
concentration. abundances of the chemical elements,
ionization balance, surface gravities, and indirectly, less
studied ..hot" topics such as: turbulence, radiative
tranfser, granular and wave motion, stellar winds.

The syn thesis of the spectral Iincs, 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. In this paper a brief review of the
obtained results is presented.

2. THE METHOD

Two computer programs SINLINE (Vince and
Krsljanin, 1984) and ZVEZDALJN (serbocroat acronim,

'Paper presen led at I st workshop ,.AsUophysics in Yugoslavia",
held in Ljubljana, 13-141h february, 1986.

equivalen t to "s tarlinc' - Krsljanin and Vince. t 986)
are developed for radiative transfer equation solution (in
LTE conditions) along the stellar atmosphere and output
in tensity and flux emergen t line profiles. respecti vely.
Work on non-.L TE problems is reported by A tanacko-
viC- Vukrnanovic and Sirnonneau (I987). The programs
also compute con tinuum 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, cocffi-
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:

where

and
2w

a=--
LlAD

Here, A is the wavelength, Ao is unperturbed (laboratory)
line wavelength, LlAD 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 wand d, respectively. In stellar
atmospheres the pressure varies for several orders of
magnitude. Consequently, the integration along the
atmosphere simul taneously resul ts in broadening, asy-
mmetry and shift of the spectral line.

3. PRESSURE BROADENING AND LIMB EFFECf

Quan ti tative analysis of the pressure broadening
contribution to the limb effect (dependence of the line
shift and shape on tile heliocentric position angle) is the
major research topic, untill now, For more details see
preliminary reports (Vince 1989, Vince et a1. 1985a,b.
Vinci: 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
ex plain the fact tha t thecompu ted stellar line equivalen t
widths are often less than the observed ones. The
problems about establishing of such an approach are
discussed elsewhere (Krsljanin 1985).

We investigated quantitatively the sensitivity of the
shapes of several NaI moderate and weak lines, via
different line' profile parameters, to microturbulent
velocity variations (Krsljanin and Vince 1986). Sodium
is the element with well known atomic structure and
accurate pressure broadening parameters (Dimitrijevic
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 NaI 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 (Krsljanin
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

...•tarting from the suitability of NaI 3p-ns and
4p-ns lines for abundance determinations (Krsljanin and
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Vince 1986), we used these lines to redetermine abun-
dance of sodium in solar photosphere (Krsljanin and
Vince 1985). The determination was done by fitting the
synthetic line profiles with tile observations of Pierce
and Slaughter (1982). TIle 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 (Srnirnov 1967, Roueff
1970), and determinations were for the first time pe-
rformed in five positions on the solar disk.

The result obtained, AN a = 6.46 ± 0.05 (in
logarithmic scale, where AH = 12) is greater than one
usualy used (6.32 ± 0.07, Lambert and Luck 1978). but
it agrees with the one obtained from Na D lines
(Lambert and Luck 1978) using molecular potential for
Na-H interaction (Lewis et aI. 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 (Dimitrijevic and Konjevic 1980,
Dimi trijevic 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 (Terr ;;;. 20 000 K) stellar (including
main sequence stars, subdwarfs, white dwarfs and nuclei
of tile planetary nebulae) atmospheres are suitable for
this kind of investiga tion because the Stark broadening is
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 to
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.

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

The basic problem of the theory of stellar atmo-
spheres is to de term ine the physical sta te of the
atmospheric gas from the study of the crnergen t spec-
trum.

To solve this -iroblern, it is necessary to take into
consideration all of the physical processes giving rise to
the spectral lines and continuum and to develop the.
methodfor 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
ofstelJar 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
thesolution of the radiative transfer equation.

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

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

their distributions over bound and free levels are
characterlzed by local values of temperature and density.
TIle condition that has to be fulfiled for this assumption
to be valid is that collisional processes dominate over the
radiative ones. The simple fact tha t 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-L TE
radiative transfer problem, atomic level populations has
to be determined from the statistical equilibrium condi-
tion, describing the equilibrium among all of the
elementary processes (collisional Cij and radiative Rij
ones) populating and depopulating levels under conside-
ration. In the statistical equilibrium equations for
N-Ievel atom:

where nj is the number density of atoms in the level i,
the dependence on the radiation field is given through
the radiative rates Rij.
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The radiation field of specific in tensi ty l.,cn). in its
turn, depen.1s on the level populations through the
emission Ev(n ) and absorption kv(i1) coefficients in the
radiative transfer equation:

~
dIv (n) ~ ~ ~
~ = - k, (n ) I, (n ) + E;, (n ) =

.~) (~) ~= - k, (n Iv (n - S, (n ),

where Sv(il) = €v(n)/kvCn) 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 sirnulta-
ne ously. Jefferies and Thomas (J 958) 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
solu tions of the problem can he 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 Ath ay ( 1973) and in the literature
cited therein,

Generally speaking, there are two directions in the
solu IiOil of the non~ LTE radiative transfer problem.
The first of them, evaluates, within the frame of some
approxima lions. 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 coupled set 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. 8y 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
frequen t cases of non=coherent scattering are Doppler
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redistribution caused by the atomic motion and re distri-
bution due to momentum changing collisions.

The physics of scattering process is contained in
the redistribution function R (v', ii\ v, n)defmed such
thatR(v',n',v,n)dv'(dn'!41T) dv (dn/41T) gives the
probability that the absorption of a photon from the
solid angle dn' and the frequency range (v', v' + dz') is
followed by re=ernission of a photon into the solid angle
dn and frequency range (v, v + dv) in the same line.

As the absorption and subsequen t re-emission are.
. generally, to a certain ex tent, 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:

I/I(v ;) = B12 fcj I (v', ;.) R (v', ii',v, It) tIP· (dn'/41T) + C IlHII, it)
'BIl f!P1(v', if-) if> (v', if·) tIP' (dn' /41T) + CIl

where 8 I 2 is the Einstein coefficient for absorption and
C 12 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):

1 (~ ~.... (S, = (l ~ €) cfJv f ~ I v', n ') R (v', n ', v, n )dv' dn'/41T)

+ €8 (vo, Te),

where' e is a parameter which measures the probability
per scattering that the photon is destroyed through
collisional deexcitation, 8(vo Te) is Planck function at
line center Vo for the local electron temperature Te, and
cfJv is the normalized absorption profile. If e = 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 roe assumes that the
emission and absorption processes in a given line are
completely uncorrelated, and, thus, described by identi-
cal profiles: 1>". 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', v) = 1> (v') ¢(v),

and the source function becomes frequency-indepen-
dent:

with:

I,,' = -41- J dQ'I (v', n').1T .

The complete redistribution approximation is wide-
lv used in the literature and the corresponding problem
i~well known as "the standard non-LTE problem". The
most important results of the solution of this problem
for two-level 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, 1>" and ljJv, respec-
tively, through their respective atomic (profile coeffici-
ents in a rest frame 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 n2 and velocity distribution
functions fl (v) and f2 (v). In Oxenius' notation:

ljJ,,= J d3vf2(v) 1)" (n, v'),

, 3' Vo ~ ~IJ>,,=Jd vfl (v)o:(v--n v ),
c

where 0:" and 1)" are atomic absorption and emission
profiles, respectively. .

No assumption about the form of the functions f t

andf 2 is a priori made.

;11.

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, fl(V), can be
supposed to be Maxwellian.

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 equa tion defines the distribution

• :-+-1- -:-+ 44.

function of the excited atoms F2(r ,v) = n.(r)f2 (r, v)m
the following way (Oxenius, 1979):

The left hand side of the above equation describes
the streaming of the excited atoms due to non-LIE 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, this equation reduces to the statistical equili-
brium equation.

This approach, by its generality, has many advanta-
ges. It includes "local" (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. It was used in the first
truly self=consistent non-LTE solution 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. (I986, 1987) and Atanackovic e t 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 NaI 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 I myself had a chance to start my
work in non-L TE theory during my seven mon ths'
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
some applications of the theory to real stellar atmo-
spheric conditions, form the subject of papers (Atanac-
kovic and Simonneau 1985, I 987a, 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-L TE 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 SO 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 "Modem Astrometry ", Vienna 1978,
(Teleki, Sevarlic 1978) we are giving a list of first 60
digital designations of catalogues which are all from
"Bibliography of the Catalogues of Star Positions"
(Sevarlic et a1. 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.
5. Two places, the l Jth and 14th, are giving data on the
type of coordinates:

13th digit denotes:
I right ascension,
2 correction to R.A.,
3 longitude,
4 correction to longitude,
5 rectangular coordinate x.

14th digit denotes:
] declination,
2 correction to 0,
3 la titude,
4 correction to latitude,
S rectangular coordinate y,
6 polar distance, north,
7 polar distance, south.

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: 0 indicates a southern
declination and 1 indicates northern declination.
7~ 21st place gives the optical and physical characte-
ristics of the stars

I bright,
2 faint,
3 variable,
4 double,
5 quasars,
6 poin t-like galaxies,
7 bright and faint,
8 bright galaxies,
9 clusters and associations.

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
o in the sixth place of the group indicates a 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
insti tu tion 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
observa tional catalogues.

11. 37th and 38th digits provide information on the
type of instrumen t by which observa tion 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 radio interferometer (long base),
16 Cassegrain telescope.

12. 39th digital place specifies techniques applied in 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 observa nons have been
performed:

1 meridian,
2 prime vertical,
3 almucantar,

14. 41st digit indicates the method of observations
1 differential ,
2 quasi-vabsolu te (orientation of the coordinate

• system, with reference to the planets and 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 RA.(first 3 digits)
in units of ~OOI and in the determination of declination
(last 3 digits) in units of 0~0l.

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

1. Register number
2. Type of catalogue
3. Type of stellar radiation
4. Number of stars.
5. Star coordinates
6. Declination zone
7. Optical or physical characteristics
8. Catalogue equinox
9. Catalogue epoch

10. Insti tu tion

4
1
1
6
2
6
1
6
6
3

2
1
1
1
6
3

11. Type of instrument
12. Observational technics
13. Circle on celestial sphere
14. Observational method
15. Mean error of a single observation
16, Mean number of star observa ti ons

16 groups 50 places

DIGITAL DESIGNATIONS OF CATALOGUES AND SURVEYS OF STAR POSITIONS:

Alb, Schl - F. Schlesinger, CJ. Hudson. LJenkins, J. Barney. Catalogue of 1275 Stars. Re-observatio~ by means of
photography of AstronornischeGesellschaft 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.

06561100127511011021718750119147902311211011016002
.----------

Yale 4(3J) - FSchlesinger, .J Barney. Catalogue of the positions and proper motions of 8359 stars. Reobservatian by
means of photography of the Astron , Gesellschaft Zone between declinations +500 and +550• Trans. Yale Obs .•4. 1925
(Ref.: VJ S, 61, 3 1, 1925 )

06721 1008359] J 501551 7187501 191601023 11 2 I 1011016002
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Hels , Schl .- F .Schlesinger. Catalogue of Positions and Proper Motions of 7727 Stars between +550 and +600. Trans. of
the Yale Obs., i. 1930.

0700 I 1007727 115516017187501 1916610231121 1010015002---.-----------.--.--.-----------------_~_------
HellsI SchlApl -- F Schlesinger. Catalogue of Positions and Proper Motions of 7727 Stars between +550 and +600.
Trans. of the Yale Obs .. i, 1930, App I.

070J I 1000396 J 1551bOl2 PP501 191661023 II 211010015002

Hels, SchlAppli -- F Schlesinger. Catalogue of positions and Proper Motions of 7727 Stars between +550 and +600.
Trans. of the Yale Obs., 7, 1930, App II.

07021 I 00008011501551 7 187501 191661023 II 21 I 010015 002

\'aleS - F Schesinger ,c..J. Hudson, LJenkins. J. Barney. Catalogue of 5833 Stars. _20 to +1°. Trans. of the Astr Obs ,
of Yale Univ. 5, 1926.

07181 I 0058331i 02001171875011Q144992311211 011016002

Yale 9 -.', E Schlesinger, .r Berney. Catalogue of the Positions and Proper Motions of 10358 Stars. - Re=observations
by Photography of Astronomische Gesellshaft Zone between Declinations +250 and +300

I reduced to 1875. 0 without
applying Proper Motions. Together with Photographic Magnitudes determined by means of the Thermoelectric
Photometer by J Schilt. Trans. of the Astron. Obs. of Yale University, New Haven. 9. 1933.

07421 I 010358 II 251301 7187501 19292902311 21 1 009014002

Yale 4( 175) Positions of 1070 Comp.S tars.Trans. of the Astron. Obs. Yale Univ, 4, 1925, p. 175.

133311001070 JJ 501551719170119170103702111000000002

Yale10 .,. F.Schlesinger. lBarney. C .Gesler , Catalogue of 8703 stars +200 to +250. Trans. of the Astron. Obs. of
Yale University, New Haven, 1930.10

1584 I I 008703 II 201251 7 18750 I 192929023 11 2 1 I 009014002

AGK3 -.. O.ll2ckmann. W. Dieckvoss, H Kox, A .Giinther , E.Brosterhus. AGK 3. Star catalogue of positions and proper
motions north of - _~o5 declination. derived from photographic plates taken at Bergcdorf and Bonn in the years
192~- J 932 and 195(,··-1963. Hamburger Sternwarte. Hamburg -Bergedorf, 1975.

1622 21 i83566] J 0209017 ]95001196083018

Bel;01 -- S.N.Sadzakov, D.I'. Saletic, Catalogue of declinations of the latitude programme stars (KSZ). Publ. Obs ,
Astron, Beograd. 17, 1972.

1656 1 t 004175 01 20)651 1 195001 J 96951 001 02 1 1 1 000034004--_._------

Bel, 0 2 -.. 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.

lb5721 000401 01 131621 7 195001195001 001

Be1503 -- DDjurovic . Corrections des ascensions droites de 245 etoiles du catalogue FK4. Bull.Obs.Astron. Beograd,
I2i, J 976, p.1 (Epoch 1966--(8).

16581 1 000245 2030070] 7000000 196802 001 04 1 1 1 020000000
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Bor d, 0 Ph· I.M Mazurier, G.Mangenot, Y.Requierne. A catalogue of 1649 stars observed in Bordeaux with a tracking
photoelectric meridian micrometer. Astron. Astrophys., Suppl. Ser., 27, 1977, p. 467,

16731 10016491110](1':1711»)001197)5903502311009020006

BucKS!- F \1 arcus. Bucharest KSZ catalogue of fain t stars for 1950.0, declination zone -11 0 to +110. Pub!. House of
the ROlli. Acad., Bucharest. 11)7~

1(,77 1 1 00.'1)39 I I 1 101 1I 7 11»)001 000000 004 02 I I 1 029049 004

C\SII M.SanchcL Astrolabe stars catalogues of San Fernando. Astron. Astrophys., Supp!. Ser. 25,1976. pp. 9-23.

1('''.' I O()OI')() II ()."I{,7] I 1(1)001 11)713~ 034 Oil 1 1 1008016100

(. ",,1 ~ ~1.S:Hh·hcl.. Astrolabe' SlalS catalogues of San Fernando. Astron.Astrophys., Suppl. Ser, 25,1976, pp. 9-23.

I(l'i-l I i 0002.~() I J OX!(,-I-I I Iq':;OOI J')7342 034 08 11 I 00R016 100
.__ .__ .._-_ .. __ . ----_._----_ .._------_.- ._-------------------

(' \SH M .Sanchcz Astrolabe catalogue C ASH of San lcruando. Astron. Astrophys., Suppl , Ser., 29, 1977. p. 245.

Il,S;; I I UOO'::IS I J O;-)IMI I 11)5UUI 1')7(142034 Ox J 1 1008016100

Cul;"l-'\ K Korol'. Declin;\1I011S of bright and faint fundamental stars in a uniform system.Akad.nauk.Ukr. SSK.
(;I,1111:lya Astron.Obs., Kiev. 1961.).

17~') I I 0ll\7<)~ OI.'I()IJOl 711)~()()1 I ():,U()J 0030" I 1-'000032006

{,ll] I I - .\5.(,!laril!. Kaialog dc r Deklinationcn von Stemen der Zenitteleskopprogramme im FK4 ..-sy stcm Iiir die
Ilc~)kldnll!1gscp,)c'l1e und das Aquinokrium I'):'O.O. Verlag Akad. Wiss. Ukr.SSR. Clavnaya Astron.Obs., Kiev. 1963.

1-:'30 I I ()02~)3 01 10i xo: -; IIl:,Olil 000000003 051 11000051004

(/,,i~.,(31 - ;\ K .Kor ol \\' \\ Kmun. Katalog dcr Dcklinationen von 67 Stemen im pr ogramm des l'ol tawaer
I.':nl!'clcsknps. 1/\ (,\() "Ie\\ 1')5X.~, vyp ~. p .'.

: "5 I I ()()OO,'" 012717":1 -: 1');;OUI 195::9100305 I I 1000024 00)

"i,:.,Tli3) i\ .'\.(;orynja. Katalog dcr Dcklinauonen von 5R:' amMeridiankreisdesAstron.Obs.KiewimSystemdes
I 1\.3 h(;oh,k'ill::.'11 S tcrncu . Trudy Kicvsk. Astron, Obs., 1,1956. p. 3. (Die Sterne liegen zwischen - 200 Dekl. und dem
1'.)I.Ii'i<!.\llrdell von lcbr, 1l)4:-; his Apr. ll):;j be obachtct l.

17)<) I I O()(j).'-;.' 01 ~UOl)OI 7 195001 000000 009 O~ 1 I I 00005300<;

\1\iCans ()Vert IScillcidler. Mcssungen Iundamentaler Deklinationen auf belden Hemispharen, Veroff. Sternwarte
Winchcll. 4, Nr ::=:. 1957. P. ..:II (Observations at Miinchen in the mean epoch 1949 and at Canberra in 1955).

I S34 1 I 00000001 900901 0 195001 00000000505 1 13000037000

Pars 01 - M.ILevy.Catalogue de 3997 ctoiles (Paris 501)(On cards).

187311 OO]l)'!? 11331351 0195001000000016021 11000000000

SantAClN30 -r.Noe!. Individual corrections Astrolabe-N30 for 449 southern stars. Astron. Astrophys., SuppI.Ser.,
22, No 1,1975. p. 1>3 (see catalogue No 2053).

1922 1 I 000449 22 620040 1 195001 19713900208 1 1 1 005008 000.-------------------------------------
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SAO -- Smithsonian Astrophysical Observatory Star Catalogue, Positions and proper motions of 258997 stars for the
ep oche and equinox of 1950.0. Washington, DCSmithsoniun Institution, 1%6.

I ().26 ::' I .~5x997 II 800801 7 195001 195001020

~. Toul lc I R . Bonique, H.Dedieu. Positions et mouvements propres des etoiles de rapere de la zone de Toulouse
(Ouatru-ruc catalogue revise). Ann. Obs. Astron. Met. Toulouse, 30,1965, p 21.

19(.72 I 001702 II 04112i 2 195001190001017

4.TouIR::' R.Boniquc. llDe dieu. p"",')n, ('1 mouvements pr oprcs des e tioles de repere de la zone de Toulouse
(Qllatlicmc catalocue re\is~), Ann. Obs. Astron. Met. loulouse, 31. 1965. p.l).

196x 2 I on I 6X:') II 041121 :2 19500 I 19000 I 017

h:~I\(; I' Melchior. R. Dejaffe. Calcul des dcclinuisons e t Illl11IV(;Il1Cnt, propres des ctoiles du Service international
des latitudes J partir des ca talocucs 111cricliens. Ann Obs. Roy Bclg .. lccle. (3). 10, fasc. 3. 1'.l69.

1')"71~ 1 O()()'404 01 1J06::'0 0 1l)~()OI 1()<;(JOIOIl

Wr".2 - 1'. Rvbka . Rc k taSL'CIlsIc 'i'i5 gwiaz d fundarnentalnogo k atalogu slaby ch gwiaz d w systemic FK3. Contr ,
Wrocla« Astr. Obs., 13. 19~(, (I'p. 1950S.H,

I ().';6 I I (JOO:,'i:' 10 150<)01 2 I ()500J 00000000003 1 I I 044000005

Yalc l l I.Schlcisnger, lBarncy, Catalogue of the positions and proper motions of ~101 stars. Re=obscrvation by
pllutog!aphy of the Astr. Ceselschatt Zone between declinations -100 and -140 reduced to 1950.0 without applying
proper motions. Trans. Astron . Obs. Yale Univ., 11. 1939. (Epoch 1933).

19891 1000101 11140]0071')<;0011933510231121 1008010002

Yale 11! .. F.Schlesinger. IILIllH.'y. Catalogue of the positions and proper motions of 8563 stars. Trans.Astron.Obs. Yale
(IIi v. 12. part I. I 'J40

1')90 1 I (JOoSt>.3II 1oUI~O -7 1')5001 193379023 II :2 I 1 Om-IOIO 002

Ydlr12: -- ESchleisnger, l.Barney. Catalogue of the positions and proper motions of 4553 stars. Trans.Astron.Obs.Yale
i.niv, 12. part 2. 1940.

Ill')11 10045531 1. 2001~07 19500119338902311211008010002

Yalc l S, F.Schlesinger. LBarney.Catalogue of the positions and proper motions of 4292 stars. Re-observations by
photography of the Astr , Geselsch, Zone between declinations -200 and -22°, reduced to 1950.0 without applying
proper motion s. Trans. Astron. Obs. Yale Univ, 13, part I, 1943. (Epoch 1933).

IlJlJ2 1 I U~292 II 2202007 195001 193389023 11 2 1 1 007010 002
._-----_._-_._----------------

Yale 132 - F.Sehlesinger, l.Baney. Catalogue of the positions and proper motions of 9455 stars. Re-observation by
photography of the Cordoba Zone between declinations _27° and -300, reduced to 1950.0 without applying proper
motions. Trans. Astron. Obs. Yale Univ., 13, part 2,1943 (Epoch 1933).

1993 I I 00()455 11300270719500119340102311211007010002
------------------------
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Yale14 - F.schlesinger, l.Barney. Catalogue of the positions and proper motions of 15110 stars. Re=observation by
photography of the Cordoba Zone between declinations -220 and -270, reduced to 1950.0 without applying proper
motions. Trans. Astron. Obs. Yale Univ., 14, 1943 (Epoch 1933).

19941 1015110 11270220719500119339902311211007010002

Yale 16 - I .Barney. Catalogue of the positions and proper motions of 8248 stars. Re-observation by photography of
the Astr. Ces, Zone between dec1inations-6° and -100, reduced to 1950.0 without applying proper motions. Trans.
Astron, Obs. Yale Univ., 16, 1943 (Epoch 1933).

1995 I 1 008248 II 1000607 195001 193399023 II 2 I 1 007010002

Yalel7 - I.Barney. Catalogue of the positions and proper motions of 8108 stars Re=observation by photography of
the Astr. Ces, Zone between declinations -20 and .-60, reduced to 1950.0 without applying proper motions. Trans.
Astron.Obs. Yale Univ.17, 1945.

1<)% I I 008108 I I 0600207 195001 193399023 11 2 I I 007010002

Yak IX .. I Barney. Catalogue of the positions and proper motions of 9092 stars. Re=observation by photography of
the Astr. Ges .. Zone between declination +150 and +200, reduced to 1950.0 without applying proper motions. Trans.
Astron. Obs. Yale Univ., 18,1947.

It)'); I I 00')092 II 151201 7 195001 194049023 II .21 1008012002

Yalc19 I. Barney .Catalogue of the positions and proper motions of 8967 stars. Re=observation by photography of
the A(; Zone between declinations +100 and + ISO.. reduced to 1950.0without applying proper motions. Trans. Astron.
ObsYalc Univ.. 19, 1948.

19')81 1008967 111011517195001194049023 II .2 I I Om~012 002

Yalc20 -- I Barney. Catalogue of the posi tions and proper motions of 7996 stars. Re-observation by photography of
the AG zone between declinations +10 and +50, reduced to 1950.0 wtthout applying proper motions. Trans. Astron,
ObsYale Univ.. 20. 1949

1')991 I 00799h 110110517 l'hOOI 193799023 II 211008012002
------------. _._-----------------_. __ ..-------

Yale2l -. I. Barney, Catalogue of the positions and proper motions of 5583 stars. Re-observation by photography of
the AG Zone be tween declinations _20 and +10, {educed to 1950.0 without applying proper motions. Trans. Astron.
Obs. Yalc Univ., 21. 1950

2000 I I 005583 11 020011 7 195001 193799023 11 2 1 1008012002

Yale22. - l.Barney. Catalogue of the positions and proper motions of 9060 stars. Re-observation by photography of the
Astr. Ges. Zone between declinations +50 and +<)0,reduced to 1950.0 without applying proper motions. Trans. Astron.
Obs. Yale Univ., 22, part 1,1950.

20011100906011051091719500119379902311211008012002

Yale222 - I.Barney. Catalogue of the positions and proper motions of 1904 stars. Re-observation by photography of
the Astr. Ges, Zone between declinations +<)0and +100, reduced to 1950.0 without applying proper motions. Trans.
Astron. Obs. Yale Univ., 22, part 2, 1950.

20021 1 001904 11 091101 7195001 194049023 JI 21 1008012002
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Yale23A - l Barney, Supplementary volume to the Yale Zone catalogues, -300 to + 300. Section A: Zone catalogue,
_6° to -100 . Suppl. to Vol, 16 Trans. Astron. Obs, Yale Univ., 23A, 1951.

2003 I I 001244 II 060100 2195001 193399023 11 2 1 1007010002

Yalt!23B - l.Barney. Supplementary volume to the Yale Zone catalogues -300 to +300. Section B: Zone catalogue,
_2° to -6°, Suppl. to YoL )7. Trans. Astron. Obs. Yale Univ., 23B, 1951.

20041 100065111060020219500119339902311211007010002

Yale24 - l.Barney . Revice d catalogue of the positions and proper motions of 10358 stars. Contained in the
\str. Ges. Zone between declinations +25° and +300, on the system of the FK3.and reduced without applying proper
motions to the equinox 1950.0. Trans. Astr. Obs. Yale Univ., 24, 1953.

200521 010358 I] 251301 7195001 192929023

Yalc2S - I 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 1950.0 Trans, Astron. Obs. Yale Univ., 25., ] 954.

2006 2 I 008703 I I 201251 7 19500] 192999 023
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Yale261 -- l.Barney, AJJ. 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 I, 1954.

2007 11001031 11 851901 7 195001195131 023 11 21 1006008004

20071 1 001031 55851901 7 195001195331 023 11 21 1006008004

Yale262 - l.Barney, D.Hoffleit, R.B.Jones. Catalogue of 8380 stars, between declinations+50:> and +55°. Trans. Astron.
Obs. Yale Univ., .26,part 2,1959.

~008 I 1 00838011 501551 7 195001 194749023 11 2 1 1 006009002

Yale27 ... I.Barney, D.Hoffleit, R.BJones. Catalogue of 8164 stars, between declinations +55° and +60:>.Trans. Astron.
Obs. Yale Univ•. 27, 1959.

20091100816411551601719500119474902311211006009002

Yale31 -- P.K.Lii. Preliminary catalogue of the positions and proper motions of stars between declinations -700 and
-9(1), reduced to the equinox of 1950 without applying proper motions. Trans. Astron. Obs. Yale Univ.31, 1971.

20101 I 018702 II 90070071950011956690231121 1 017026010

SantACI - F.Noel, 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).

2053 1 I 000540 22 ~20050 1 197501 19713000208 1 1 1 005008000

AAS12(277) - G.Goy.A new general o type stars catalogue. Astron.Astrophys., Suppl Ser _,12, 1973 .p. 277.

20604 I 000633 11 900901 7 190001 000000033
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AASI8(I69) - H.Neckel. Photoelectric catalogue of 1030 M- type stars located along the galactic equator. Astron.
Astrophys., Suppl. Ser., 18, p. 169, 1974.

20611 1 001045 II 230671 7190001 197129 (j18 000003סס163000

LaP138 - Ci.Iaschek, 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 19000] 000000 022~-------------------------------------~-------
PASP80(341) - A.R.Upgren. R.Grossenbacher. Positions and color indices of twenty-six carbon stars.Publ.ASP,80
1968, P. 341.

1067 1 1 000026 II 311351 7 190001 000000014 11 201 000000002

4Toulll - R. Bouigue, H.Dedie. Positions et mouvements propres des etoHes de repere de 1a zone de Toulouse
(Quatrierne catalogue revise) II.Ann.Obs.Astron.Toulouse, 32, 1968, p.7 (AR 8-12h standard stars of Toulouse).

206911001771110411212195001190001017

AAS26(219)Bcs - V.Maitre. Mean positions and proper motions of 355 stars in the declination zone +330 to +360

Astron. Astr ophys., Supp\. SeT. 26, 1976, P 219.
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The List will be continued in the following issues of Bulletin.
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