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CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS
IN THE ZONE +65° — +90° (BCAD)

M. Mijatov, [ G. Teleki, | Dj. Bozhichkovich, V. Trajkovska
Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia
(Received: March 28, 1990)

SUMMARY: Catalogue of declinations of 307 bright stars in the zone +65° — +90°
(BCAD) for the equinoxes B1950.0 and J2000.0 and epoch of observation is pre-
sented. The declinations were observed with the Vertical Circle of the Belgrade Obser-
vatory by absolute method from 1976 to 1980. All stars were observed at both cul-
minations.

The mean error of a single zenith distance observation is €2 = (0°42)” + (0223 tanz)*
and the mean error of the catalogue declinations is €5 = +0"13.

The mean epoch of observation is 1978.62.

The mean systematic differences with respect to the fundamental catalogues FK4
and FKS are: BCAD — FK4 = —07°01 and BCAD - FK5 = +0705.

The systematic differences A6, and A g with respect to these catalogues are also gi-

ven. The system of Catalogue BCAD is close to the FKS5 system.

1. INTRODUCTION

After a detailed reconstruction of the Belgrade
Vertical Circle (BVC) ASKANIA N° 80118 (d=190 mm,
t=2578 mm) performed in late 1974 (Usanov et al,
1978) and after satisfactory observational results had
been obtained during 1975 (Teleki and Mijatov, 1976),
we could start regular observations.

At the 20. Soviet Astrometric Conference held
in Leningrad in 1975 after having become acquainted
with the state of BVC, following M.S. Zverev’s initiative,
it. was proposed to the fellows of the Belgrade Obser-
vatory, participating in the Conference, to work aut,
using BVC, a Catalogue of declinations from the pro-
gramme of bright stars (zone +65° — +90°) by abso-
lute method. The proposal was accepted. It was also
recommended to observe all the stars from.this cata-
logue at both culminations since the latitude of the
Belgrade Observatory (¢ =~ +44° 48’) makes this po-
ssible.

The list of stars recommended for observation
was compiled at the Pulkovo Observatory (USSR) and
was sent to the Belgrade Observatory in late 1973.

2. OBSERVING PROGRAMME AND ITS
REALISATION

The programme of bright stars was composed at
the Pulkovo Observatory (Zverev and Timashkova,
1960) on the basis of a accepted at the 14. Soviet
Astrometric Conference. At the X IAU General Assembly
it was recommended to observe the stars from this
programme. The observational list proposed for the
Catalogue contained 308 stars of the programme men-
tioned above. All the stars are contained in the cata-
logues GC and BD, 198 stars in the BS catalogue, 110 in
the FK4 and 237 in the FKS.

The characteristics of the observing programme are
the following: The brightest star is of 2.1 magnitude
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and the faintest one 7.9 magnitude. About 76% of the
stars are between 5.0 and 6.9 magnitudes. About 60% of
the stars have spectral types A and K. The stars are
uniformly distributed in «, but not in &, because about
60% of them are within the zone +70° — +80° decli-
nation.

Since the recommendation to observe all stars at
both culminations was accepted on our part, we de-
cided to observe every star at each culmination not
less than four times.

The obervations began in April 1976 and were
tinished in December 1980.

In the course of the observing programme’s exe-
cution the observations of one star were not successful
and for this reason the Catalogue contains 307 stars.
Besides, because some observations were rejected (by
applying the criterion 2.5¢ about 1.5% of the observa-
tional material was rejected), for some stars the number
of observations appearing in the final declination deri-
vation was less than four per culmination.

The total number of observations taken into
account in the compilation of the Catalogue is 3032.
The average number of observations per star is 9.9:
4.8 at the upper culmination and 5.1 at the lower one.

The following observers took part in the obser-
vations: M. Mijatov, Dj. Bozickovié, G. Teleki, B. Kubi-
¢ela and M. Daci¢. The observations were mostly carried
out by two observers. One set the instrument on a star
and read the eyepiese micrometer and:the other read
the circle and the levels. The two observers mentioned
first performed about 56% of the observations working
together and 35% was performed by BozZi¢kovi¢ working
alone. Other observers took part in a small number of
observations, only in 1976.

3. METHOD OF OBSERVATIONS
AND REDUCTIONS

The determination of the zenith distances of
stars is performed by using the method applied for
vertical circles consisting of observing star meridian
transits in two instrument clamps (CE and CW).

The zenith distances are calculated by using the
following formula:

2=1/2ACy~Cg) +R/2Amg -my) —1/2 Ai ¥ Am+Ak+
+Ar+ Ay’ +p — bsinz (nH

where:
Cg, Gy — circle readings in the positions CE and CW;
mg, my — eyepiece micrometer readings in the posi-
tions CE and CW;
R — value of the eyepiece~micrometer—screw revolu-
tion in are seconds;
Aj - vertical axis inclination;
Am = correction for the parallel curvature (sign

¥

ra

corresponds to the upper culmination and "+”
to lower one);

Ak -- total correction to circle reading;

Ar — total correction for run;

Ay’ — correction for the latitude change due to the polar
motion;

p ~ refraction;

b — horizontal flexure component.

The examinations of the microscope micrometer
and of the exepiece micrometer (Teleki et al, 1968)
have shown that these measuring devices are of good
quality.

The corrections for the inclination Ai are deter-
mined by measuring with two levels installed of the mi-
croscope bearing. Their constants, as well as their qua-
lity have been determined earlier (Sadzakov, Mijatov,
1968; Mijatov, Trajkovska, 1984; Bozhichkovich, 1986).

The circle reading corrections Ak are determined
by the interpolation from the corrections to the circie
divisions obtained by examining the 10’ — divisions
(Bozhichkovich, Mijatov, 1984).

The run was determined only four times during
the observational period and the corrections Ar were
applied for the corresponding periods.

The corrections Ay’ are calculated in accordance
with the pole coordinates published by BIH.

The refraction p is calculated according to the
Pulkovo Refraction Tables (fifth edition). The para-
meters necessary to the refraction calculation — the
outside temperature, the barometric pressure and the
water vapour pressure — are determined in the following
way. The outside temperature was measured immedia-
tely after the observation of every star. The barometric
pressuie was obtainerd by interpolation from its mea-
surements at the beginning and at the end of the obser-
ving night. The water vapour pressure was calculated
from the relative humidity. This humidity for every
observing night was available from the Aerological
Observatory situated near our own.

The flexure determination with the horizontal
collimators was made during the entire observational
period. The results of these examinations given by
Mijatov and Trajkovska (1989) were applied for the
determination of b for every observing night.

For stars with declinations higher than 85° the
time of the mean setting was registered by a chronome-
ter and taken account of.

The instrument constants ag, ay, b’+c (b’ — late-
ral flexure) were within tolerable limits throughout the
observational period and required no corrections.

4. SYSTEMATIC DIFFERENCES OF OBSERVED
ZENITH DISTANCES

For furter reductions the zenith distances de-
termined observationally are reduced to the equinox
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Table T. Systematic Differences 2\, — Zyp andzy o — 74

Z Zew T wWE € n Zyig 2B € n
20°~ 25° +0213 +0206 35 +07°03 0707 14
25— 30 +0.08 0.04 102 +0.09 0.07 33
30 - 35 +0.06 0.04 83 +0.11 0.07 31
35~ 40 +0.08 0.04 64 +0.32 0.1! 22
40 - 45 +0.31 0.10 23 - = -
45 - 50 +0.41 0.08 25 - — -
50 - 55 +0.24 0.07 64 +0.22 0.12 26
55 — 60 +0.08 0.06 83 '+0.36 0.08 42
60 - 65 +0.02 0.05 102 +0.42 0.09" 38
65— 70 +0.11 0.10 35 +0.36 0.16 18

and epoch B1950.0 using the FK4 proper motions for
the stars from this Catalogue and the SAO proper
motions for other stars and also to the equinox and
epoch J2000.0 using FKS proper motions for the stars
tfrom this Catalogue and the SAO proper motions fo
the rest of stars. :

The examination show that there are systematic
ditferences in the zenith distances associated with the
order of observations zpw — zwg and with the obser-
vers -- between the pair Mijatov—Bozickovi¢ (MB) on
the one hand and BoZic¢kovi¢ (B) alone on the other
2yp — zp. These systematic differences are determi-
ned in 5 - zones of zenith distances and are presented
in Table 1 where € — is the error of the corresponding
difference and n is the number of differences.

The systematic differences are determined only in
cases where the minimum number of observations of a
star for the derivation of the corresponding quantities
(Zpw. Zwe, ZyB, Zg) was two. No weights are applied.

Since ¢ =~ + 45° the observed zenith distances
from 207 to 45° belong to the observations at the upper
culmination and those from 45° to 70° to the lower
culmination,

The systematic differences zgyw — zwg are signifi-
cant only for the zones 40° — 55° and are prominent
for the declination zone 85° — 90° (zenith distance
zone 40° — 50°). However, since these differences in
the case of the same number of observations for the
order EW and WE (even number of observations) have
no influence and in the case of different number of
observations (odd number of observations) only a slight
influence on the derived declinations, a special analysis
of this effect is not made.

The systematic differences zyry — zp are not great
only for the zones 20° — 35°, but are significant in the
rest of them.:In determined from a very small number
of stars according to the established criterion. For this
reason we did .not take them into account. The mean
systematic differences zyp — zy from both culmina-
tions differ only: sisghtly in all declination zones (range

between +0’.’2O and +0” 27). The mean difference for
all zones is zy(g — zg = 0™ 24.

5. ACCURACY OF ZENITH DISTANCE OBSERVA-
TION

The random errors of a single zenith distance
observation are determined within the zenith distance
zones according to the formula:

- 47 s abs (v)
G = n-m/2

where:
v — doviations of individual z values, corrected for the
systematic differences from Table I, from the mean
values for every star in a.zone;
n — number of deviations;
m — number of stars within a zone.

In Table 2 the values of €,, n and m for the zenith
distance zones of 5° are presented.

The accuracy for €, is within the accuracy limits
obtainable with vertical circles, except at higher zenith

Table 2. Random Error of a Single Observation €,

z €, n m
20°—25° 07733 156 35
25 -30 0.44 492 102
30 --35 042 394 83
35--40 044 319 64
40 — 45 0.41 98 23
45 - 50 0.46 104 23
50—~ 55 0.51 334 64
55 - 60 0.57 420 83
60 — 65 0.57 526 102
65— 170 0.67 189 35

3
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distances. This is a consequence of poorer atmospheric
conditions for observations of northern stars (proximity
of the Danube river and immediate vicinity of buildings),
so that the star images, especially at higher zenith di-
stances, are indinstinct and unsteady.

The mean random error of a single zenith distance
observation can be represented by the fallowing formu-
la:

€2 =(0"42)" +(0.23tanz)’.

6. DETERMINATION OF THE CORRECTIONS FOR
THE LATITUDE AND FOR THE REFRACTION
CONSTANT

The corrections for the latitude, as well as the
refraction constant are determined from the well-known
equation:

2Ayp + (tanz; +tanz,) AR=68, - §, (3)

where:
Ay - correction for the preliminary latitude;
AR — correction for the refrection constant;
7y, z; — zenith distances of stars at the upper and lower
culminations, respectively;
8,, 8, — mean declination values derived from the ob-
servations at the upper and lower culmnations, respec-
tively, with the preliminary latitude ¢ = +44° 48’ 08”0,
The equations of condition of the expression (3)
are reduced to equations with the same weights
by applying the weights p = 4¢3 /(€2 /n; + €% /),
where €;, €, are the random errors of a single decli-
nation determination at the two culminations, respecti-
vely, n;, n, are the numbers of measurements at the
two culminations, respectively, and €, is the error of
the unit weight (assumed €, = + 0"11).
From expression (3), after applying the weights
p. using the least—square method, we obtain the un-
known values Ay and AR first taking the declinations
reduced to the equinox and expoch B1950.0 and then
the declinations reduced to the equinox and epoch
J2000.0. Although there are some differences in the
values of Ay and AR corresponding to the two equino-
xes and epochs, obtained in this way, the declinations
obtained by applying Ay and AR differ negligible.
Bearing this in mind we decided to addopt the mean
value of these two systems:

Ap=-—-07284 + (1107 and AR=+0"140 = 0”7 091.

The obtained values of Ay and AR can however,
only formally be considered as corrections for the lati-
tude and for the refraction constant since there are
other causes affecting the declination determination
not taken into account in (3) (Podobed 1968).

With ther addopted correction Ag the latitude
value becomes: = +44° 48’077 716 + 02 107.

7. DECLINATIONS OF STARS

The declinations of stars are derived from the
preliminary corrected declinations iwith latitude yq) for
the systematic diferences zpy — zwg and zypg — zp
from Table 1 and using Ag¢ and AR tanz according to
the expression:

62 - 51
5§=6, + —_— (4)
1+ q(e/er)
where:
61, 8, — mean values of the corrected declinations

observed at the upper and lower culminations, respecti-
vely;

€, €, — mean errors of a single declination observation
at the upper and lower culminations, respectively;

_ (nl —3)(n2 = 1)
(-3, - 1)

9

n;, n; - number of observations at the upper and lower
culminations, respectively. If both n, and n, are less
than four, then q = 1.

Expression (4) with g=1 was applied by Korol’
(1969) in the derivation of a unified declination system
for bright and faint fundamental stars.

The declinations are derived for the eqinox and
epoch B1950.0 and J2000.0. Thereupon by applying
the corresponding proper motions from the catalogues
FK4, FK5 and SAOQ, used for reducing zenith distances,
they are reduced to the epochs of observation.

The accuracy of the declinations obtained in this
way is determined according to the formula:

a—1 €6% 1 -5

2 - o wgpan
5 (a ) ny a® n,

where a=1+q(e, /€)%

The mean error in declination is €5 = *0213.
The mean epoch of observation is T = 1978.62.

8. COMPARISON WITH THE FUNDAMENTAL
CATALOGUES

The mean systematic differences of the Catalogue
with respect to FK4 and FKS5 are: BCAD-FK4 = -0’01
and BCAD-FKS = +0°10S. The systematic differences
of the Catalogue BCAD of the types Ady and ASg with
respect to FK4 and FKS are presented in Tables 3 and 4.
The differences Adg are obtained by averaging within
right ascension zones of 4 hours after eliminating the
declinationi zones of 5°, and the A8y ones by averaging
within right ascension zones of 4 hours after eliminating



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

Table 3. Systematic Differences AS,.

Aéa
(43
FK4 FKS
s 4® ~0701  (17) 0701 (38)
005 +0.04
4- 8 +0.18 (16) +0.14 (38)
+0.06 ~ +0.04
8-12 +0.02 {19) 0.00 (39)
P 20.06 +0.04 .
1216 C10.11 (17) +0.07 (40)
<+0.08 +0.04 ;
16 — 20 -0.11 2n o =0.13 41)
£0.05 +0.03
20 - 24 -0.14  (20) 006  (40)
+0.05 +0.04
Table 4. Systematic Differences A8 5
AS
5 5
FK4 F FK5S
65°-- 70° ~0707  (29) -0201  (36)
+0.05 +0.05
0-75 —0.10 (27 0.00 (71
+0.04 +0.03
75 - 80 +0.08  (28) +0.11  (66)
*0.05 +0.03
80 - 85 0.00 (15 +0.06 (46)
+0.09 a +0.04
85 - 90 .14 (1) - +011 (17)
(.08 : £0.05

the Ad5 differences. The number of differences is given
in the perentheses.

As apparent from Tables 3 and 4 there are sig-
nificant systematic differences of Ady and Adg types
in the Catalogue BCAD slightly more pronounced
with respect to FK4 indicating that the system of this
Catalogue is closer to that of FK5.
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CATALOGUE OF DECLINATIONS OF 307 BRIGHT
" STARS IN THE ZONE +65° — +90° (BCAD)

The columns contain

N -- number of the star in the Catalogue BCAD;
GC — number of the star in the GC Catalogue;

FKS - number of the star in the FKS Catalogue;
1950 — Fight ascension of the star for the equinox
and epoch B1950.0 rounded to 1;

S. 8,950 — declination of the star obtained from ob-
servations for the equinox B1950.0 and for the
epoch of observation;

6. ®,900 — right escension of the star for the equinox
and epoch J2000.0 rounded to 1;

7. 65000 — declination of the star obtained from ob-
servation for the equinox J120000 and for theepoch
of observation;

8. € — mean random error of obtained declinations;

9. n — number of observations of the star; .

10. E — epoch of observation of the star calculated
from 1900.0.

R R
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N GC FK5 1950 (51950 22000 (52000 £ ' E
hms o/ 7 hms °/ 7

1 33322 3930 2359 4 7320 1.41 O 139 733642.74 +0.11 9 78.66
2 303 013 22 764023.46 0 16 14 7657 3.02 .12 9 78.85
3 521 2023 02352 794631.94 027 7 80 3 7.35 .14 11 78.14
4 588 2031 027 40 76 4437.16 0 3055 77 110.40 .11 9 78.33
5 648 2034 0 30 19 704222.39 033 19 705854.31 .10 10 78.67
6 760 3941 03555 8213 7.35 0 39 47 8229 35.13 .12 8 77.80
7 891 24 0 42 18 74 4254.15 045 39 745917.40 .14 10 78.48
8 934 044 23 74 3429.60 0 47 46 745051.10 .10 10 78.88
9 943 044 51 7224 6.84 048 9 724027.91 .06 8 78.29
10 1045 3942 050 3 832611.60 0 54 53 8342 27.16 .14 9 78.43
11 1175 2062 056 15 801633.56 1 0 30 803242.92 .09 8 78.97
12 1190 2063 057 8 704249.71 1 031 705858.64 .08 11 78.83
13 1288 906 1 131 85 5924.43 1 8 45 8615 26.02 .13 9 78.10
14 1420 41 1 752 792431.33 112 17 7940 26.57 .13 9 77.87
15 1616 2087 117 52 755839.15 121 59 7614 20.46 .13 8 78.97
16 1473 11057 88 4518.49 13351 89 057.07 .17 9 79.53
17 1707 46 12222 675212.50 12556 68 747.32 .05 14 78.61
18 1817 1042 12728 70 027.53 13114 701553.99 .16 9 78.67
19 1955 51 13429 724710.40 138 31 73 224.60 .14 10 77.60
20 1987 1 36 10 77 4257.86 1 4053 7758 8.36 .11 8 78.69
21 2045 55 138 36 674728.00 142 21 68 234.86 .20 8 78.87
22 2059 139 1 702215.59 1 42 56 703721.55 .10 9 79.52
23 2215 147 15 752034.31 1 51 48 753523.85 .12 9 78.88
24 2270 15012 803949.69 156 3 805431.92 .11 10 78.61
25 2424 157 49 703957.06 2 157 705424.92 .06 9 77.11
26 2445 70 159 7 721051.67 2 3 26 722516.22 .14 12 79.19
27 2459 2139 2 0 2 77 232.17 2 5 7 771653.97 .13 11 79.06
28 2475 2 041 755233.79 2 531 76 654.52 .15 9 78.54
29 2517 3943 2 3 7 81 331.90 2 925 811745.43 .13 10 79.80
30 2243 907 148 49 89 143.89 2 31 49 891551.26 .06 8 79.62
31 2618 2149 2 842 734738.49 2 13 21 74 140.99 .17 9 79.46
32 2661 76 2 10 32 661729.03 2 14 29 66 3127.77 .22 8 79.18
33 2622 1635 2 852 831943.99 2 16 46 83 3342.34 .11 10 78.19
34 3041 2175 22924 71 429.87 23358 711740.18 .03 9 78.97
35 3033 2174 229 4 762956.73 2 34 31 7643 6.70 .14 10 79.72
36 3019 3944 2 28 39 833658.03 237 28 8350 4.32 .09 9 79.92
37 3116 87 23314 7236 6.20 2 38 2 7249 5.54 +13 7 79.10
38 3271 92 2 40 30 67 3649.77 2 44 50 67 4929.43 .13 10 78.70
39 3270 3945 2 40 26 81 1420.17 2 47 48 81 2655.95 .06 10 78.73
40 3527 2 5321 722821.56 2 58 23 724022.53 12 11 78.62
41 3638 105 25921 791326.95 3 6 8 7925 6.76 .08 10 78.01
42 3715 3946 3 348 811650.48 3 11 43 81 2814.31 .12 10 78.49
43 3759 2222 3 628 741220.00 3 1156 74 2339.22 .12 10 78.59
44 3912 115 31354 773312.91 32020 7744 6.37 .16 8 79.25
45 4030 1636 320 6 844420.04 3 3220 845443.06 .12 9 77.57
46 4225 2251 329 41 731048.26 3 3512 73 2049.42 .08 9 79.02
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N GC FK5 950 51950 2000 d2000 € n B
hms °/ o hms o7/ n "

47 4423 2262 33915 7423 6.22 345 7 743232.32 +.14 10 78.18
48 4530 . 344 0 7043 6.76 3 49 14 705217.39 .08 13 79.47
49 4557 138 345 3 711050.49 35022 711957.01 .12 11 78.98
50 4691 2277 3 51 4 714033.94 35630 714917.61 .14 10 78.69
51 4781 2285 356 3 78 348.02 4 311 781210.54 .19 10 78.27
52 4693 3947 351 17 862917.65 4 10 1 863736.51 .11 9 79.54
53 4882 4 114 735158.06 4 711 74 O 2.82 .12 12 79.34
54 4894 4 134 803356.47 4 10 3 804155.16 .16 10 79.15
55 5180 2312 4 14.43 755911.47 42120 76 622.71 .15 12 79.83
56 5208 416 24 834133.98 4 28 13 834828.28 .06 8 79.02
57 5265 2321 4 18 14 804234.86 4 27 3 804927.70 .17 11 79.35
58 5279 418 49 831337.69 4 30 0 832023.55 .11 9 77.75
59 5401 1122 4 24 35 6916 8.36 4 29'52 692242.63 .07 9 80.30
60 5301 908 4 19 54 8525 4.60 4 3524 853137.42 .13 8 79.69
61 5478 2333 4 27 41 722523.86 43331 723144.74 .02 8 79.41
62 5677 2346 4 36 58 793347.04 4 4515 793924.97 .18 9 77.58
63 5711 439 2 763110.70 4 46 0 763642.84 .15 11 79.06
64 5774 173 442 4 755111.52 4 48 50 755631.59 .13 9 77.80
65 5835 2358 4 44 59 705120.09 4 50 36 7056 30.28 .10 11 79.16
66 5924 178 449 4 661539.13 454 3 662033.59 .08 8 79.90
67 5962 3948 4 5054 81 7 0.70 5 021 811138.24 .16 10 78.46
68 6288 2387 5 6 3 7353 8.79 512 22 735648.98 .15 10 78.75
69 6405 512 2 731251.49 518 13 7316 6.20 .12 9 78.71
70 6471 2396 5 14 46 713949.92 52038 714253.60 .09 10 79.87
71 6455 191 5 14 17 791048.21 522 33 791348.88 .12 10 78.93
72 6447 1637 5 13 50 855338.82 5 31 48 855620.74 .17 9 79.37
73 6633 52110 7011 6.09 5 26 47 7013 42.69 .15 10 79.42
74 6647 2404 521 42 7756 9.66 52926 775839.34 .08 12 79.32
75 6778 526 42 853818.12 5 43 49 8540 6.04 .18 8 78.00
76 6938 205 533 2 75 054.80 539 44 75 237.75 .19 11 78.83
77 7297 2436 5 46 27 711635.46 552 17 711721.95 .16 10 78.60
78 7273 1638 545 34 851027.52 6 120 851056.09 .14 10 78.13
79 7606 2459 5 58 16 753517.76 6 5 9 753510.36 .09 9 77.88
80 7856 233 6 7 49 654352.89 61251 6543 7.49 .12 11 79.36
81 8020 234 6 13 20 692024.30 6 18 51 691913.80 .16 9 78.42
82 8293 6 22 33 703357.84 62815 7032 6.88 .08 10 79.02
83 8540 2503 6 31 37 734416.44 6 37 55 734144.87 .11 10 78.62
84 8574 2507 6 32 44 78 224.66 64029 775944.87 .14 10 79.43
85 8630 2511 6 34 39 714739.28 6 40 32 714455.78 .17 8 78.51
8 8605 3950 633 59 82 946.79 6 44 30 82 656.17 .05 9 78.78
87 8505 3949 6 30 10 8644 3.99 651 47 8641 5.66 .11 8 78.34
88 8711 248 637 44 7937 9.03 646 14 7934 6.27 .11 9 79.81
89 8957 259 6 48 19 685659.44 6 53 42 6853 18.20 .06 9 79.07
90 9073 260 65248 77 243.72 7 0 4 765839.40 .13 10 79.08
91 9152 6 5542 705243.27 7 122 704830.09 .16 10 78.82
92 9434 2550 7 6 O 7850 9.59 7 1355 7845 9.07 .12 10 78.24
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N GC FK5 ai950 51950 2000 62000 e n E
hms ©° 7 " h ms I 7 7

93 9489 2562 7 8 10 7154 5.52 713 58 714859.68 + .08 10 78.50
94 9851 3951 7 20 41 823048.93 7 31 4 822442.06 .16 8 78.50
95 9985 284 7-25 42 683413.95 7 30 53 68 2757.21 .11 10 79.61
96 9972 72522 784735.36 733 5 78 4115.00 .21 9 79.59
97 9772 909 7 17 50 87 733.35 74031 87 112.92 .10 8 78.74
98 10433 2604 7 42 11 701949.91 7 47 31 70 1227.28 .19 11 78.95
99 10657 2612 7 50 38 77 4234.38 7 57 40 77 3435.51 .17 8 78.84
100 10745 300 754 15 74 315.85 8 012 73 55 5.34 .12 10 78.91
101 10808 2617 7 57 1 793712.38 8 4 47 79 2847.95 .20 10 79.44
102 11100 1215 8 7 52 683725.81 8 12 49 68 2826.08 .06 9 79.13
103 11031 1639 8 5 14 841230.35 8 16 54 84 328.02 .12 8 79.04
104 11246 310 8 13 19 755446.31 8 19 32 75 4524.42 .09 11 79.35
105 11302 81512 723353.99 8 2040 72 2426.67 .14 11 79.31
106 11296 3952 8 15 3 823525.15 8 24 33 82 2551.13 .13 16 79.39
107 11526 2659 824 O 782344.19 8 30 52 78 1343.30 .13 11 78.99
108 11799 322 8 34 12 734822.59 8 39 43 73 3748.78 .20 9 78.95
109 11900 3953 8 37 32 822512.62 8 46 23 82 1421.78 .12 9 78.99
110 12105 2692 8 44 14 7821 3.44 8 50 47 78 954.75 .14 10 78.66
111 12309 ‘85158 782018.12 858 23 78 844.74 .08 10 78.57
112 12447 338 858 4 674935.96 9 2 33 67 3746.37 .08 12 79.16
113 12154 3954 8 45 54 88 4615.08 9 21 49 88 3412.94 .13 9 79.13
114 12603 1640 9 5 16 842311.06 9 1521 84 1051.53 .09 8 77.91
115 12687 2729 9 914 715145.34 914 3 713922.15 .17 11 78.79
116 12726 91054 73 916.81 9 1553 72 5647.98 .12 8 78.97
117 12814 914 49 74 1341.09 91956 74 1 0.94 .16 11 78.15
118 12988 2749 9 22 40 75 1855.63 927 52 75 553.20 .14 16 79.39
119 13171 357 930 6 70 3 8.79 9 34 29 69 4947.78 .11 8 78.37
120 13178 930 13 72 2543.74 9 34 54 72 1222.04 .19 11 79.05
121 13174 910 930 7 813259.99 937 5 811935.51 .12 10 79.25
122 13358 363 938 0 692757.98 9 42 15 69 1416.80 .13 9 78.60
123 13364 2772 9 38 24 72 2852.52 9 42 57 7215 9.95 .16 8 78.90
124 13419 2780 9 41 29 7922 4.21 947 18 79 812.77 .18 11 78.50
125 13684 372 95358 73 7 6.33 95823 725247.18 .16 9 78.58
126 13749 2805 9 57 22 75 0 0.15 10 1 59 74 4533.31 .22 8 78.33
127 13814 3955 10 0 52 84 943.92 10 8 34 8355 5.96 .17 10 77.93
128 14041 2820 10 11 8 79 1144.88 10 16 17 78 5648.95 .15 9 78.67
129 14104 10 13 52 71 1823.71 10 17 51 71 323.35 .18 10 79.20
130 14123 1262 10 14 26 652131.35 1018 2 65 630.18 .13 8 77.60
131 14260 387 10 20 33 654912.24 1024 8 653359.75 .17 10 78.16
132 14305 10 22 42 84 3027.35 10 29 41 84 15 8.09 .10 9 78.64
133 14367 911 10 25 10 82 4852.55 10 31 5 82 3330.11 .14 10 78.16
134 14507 395 10 30 54 755817.48 10 35 6 754246.82 .09 9 79.35
135 14509 2845 10 31 0 80 4512.36 10 36 2 802940.84 .18 11 79.72
136 14692 10 38 40 804120.63 10 43 30 802537.56 .13 13 79.19
137 14713 403 10 39 31 69 2017.92 10 43 4 69 434.47 .14 10 78.11
138 14903 2864 10 47 28 76 1536.83 10 51 23 755941.76 .14 8 77.60

o0



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

N

FK5

GC 1950 01950 Q2000 82000 € n E
hms o7 " bms ©° n 1"
139 15077 413 1056 1 78 218.60 10 59 57 77 4613.18 4+ .09 9 78.45
140 15304 2888 11 5 1 721347.49 11 8 22 71 5732.31 .20 10 78.22
141 15335 11 640 82 015.05 11 10 55 81 4358.14 .09 9 77.79
142 15376 1641 11 8 49 855443.68 11 14 30 85 3824.21 .07 8 78.82
143 15459 2896 11 12 32 783454.47 1116 9 78 1832.53 .07 7 78.95
144 15799 433 11 28 28 693626.17 11 31 24 69 1952.75 .10 10 77.58
145 15795 3956 11 28 23 812411.09 11 31 50 81 737.49 .14 8 78.12
146 15932 2928 11 34 37 775221.06 11 37 42 77 3544.13 .10 8 78.55
147 16072 440 11 39 42 67 118.77 11 42 28 66 4440.24 .14 8 77.96
148 16414 3957 11 57 44 81 754.86 12 019 805112.87 .14 8 78.36
149 16424 2962 11 58 19 703057.88 12 053 701415.94 .15 9 78.13
150 16496 1642 12 2 10 855153.41 12 4 28 853511.71 .15 10 79.05
151 16514 451 12 2 44 7711 4.61 12 515 765422.81 .12 8 77.59
152 16672 454 12 9 53 775338.94 12 12 12 77 3658.31 .09 10 78.18
153 16733 2980 12 12 46 702840.95 1215 9 7012 0.68 .05 9 77.67
154 16744 12 13 21 724944.72 12 15 41 7233 4.72 .11 9 77.24
155 16763 3958 12 14 45 875839.17 12 15 20 87 4159.51 .14 9 79.58
156 16797 2986 12 16 36 752616.86 12 18 50 75 937.76 .09 8 77.76
157 16960 2998 12 24 14 721223.67 12 26 24 715547.67 .15 9 77.07
158 17126 472 12 31 22 70 349.85 12 33 29 694717.91 .12 9 78.62
159 17148 12 32 38 701749.62 12 34 44 70 118.43 .20 9 78.06
16C 17347 3017 12 43 10 8053 40.67 12 44 26 803716.90 .07 8 77.07
161 17440 12 48 39 834123.17 1249 7 8325 4.08 .15 11 78.52
162 17443 12 48 46 8341 5.27 12 49 14 832446.28 .17 11 78.43
163 17554 486 12 53 29 654233.22 12 55 29 652619.36 .13 10 77.91
164 17637 3037 12 57 19 7544 31.11 12 58 47 7528 21.15 .15 10 78.29
165 17932 3056 13 11 57 8044 9.13 13 12 25 802816.55 .09 9 78.18
166 17934 3057 13 12 6 73 348.76 13 13 32 724757.14 .09 8 78.64
167 17991 3060 13 14 50 68 4016.27 13 16 29 6824 28.32 .15 10 77.34
168 18183 499 13 24 51 7239 2.68 13 26 8 722329.53 .07 8 77.13
169 18223 3075 13 26 30 7854 8.31 13 26 57 783837.36 .19 8 78.79
170 18445 505 13 35 59 712946.70 13 37 11 7114 32.42 .19 1C 78.41
171 18583 3090 13 42 25 7818 54.39 13 42 39 78 351.26 .17 11 79.33
172 18611 1643 13 43 41 83 012.19 13 42 23 8245 9.84 .07 8 78.21
173 18752 3105 13 50 9 791433.12 1350 1 785944.54 .16 11 78.72
174 18744 3103 13 49 45 683344.11 13 50 59 681856.33 .07 10 78.26
175 19097 3125 14 6 32 744949.85 14 6 56 743537.23 .14 9 79.32
176 19142 524 14 9 1 774658.09 14 8 51 773250.59 .14 9 79.02
177 19189 3128 14 11 8 693959.58 14 12 4 692558.30 .10 10 79.00
178 19548 1379 14 27 36 7555 6.64 14 27 32 754145.31 .12 9 77.98
179 19630 14 31 5 81 152.87 14 29 22 804838.58 .11 14 78.65
180 19705 3159 14 34 57 795239.05 14 33 38 793935.75 .08 8 79.62
181 20088 14 53 35 872520.55 14 40 19 87 1252.64 .12 9 78.14
182 20029 550 14 50 50 74 2136.25 14 50 42 74 919.75 .13 8 77.38
183 20087 1644 14 53 34 8243 0.59 14 50 20 82 3047.71 .15 12 79.32
184 20170 554 14 56 47 66 753.01 14 57 35 655555.82 .10 9 77.28
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N GC FK5 @950 61950 Q2000 d2000 € mn E
hms o " hms ©° 7 "

185 20236 3189 15 022 715741.04 15 027 714553.63 4+.08 9 77.31
186 20532 565 1514 3 67 3159.78 15 14 38 67 2056.91 .19 8 78.11
187 20598 1517 7 72 019.57 1517 6 714925.89 .18 10 78.60
188 20613 3208 15 17 48 74 1333.81 15 17°23 74 241.56 .13 11 79.55
189 20692 569 15 20 47 72 043.42 1520 44 7150 1.82 .13 9 77.79
190 20994 3959 15 34 33 84 5939.18 15 27 10 84 4932.13 .11 10 77.58
191 20951 15 32 50 805620.65 15 29 54 80 4615.44 .14 10 78.89
192 20952 3229 15 32 51 77 3059.92 15 31 25 77 2057.37 .14 10 78.21
193 21074 15 37 52 711855.75 15 37:46 71 913.28 .17 10 79.15
194 21114 3244 15 39 48 804631.77 15 36 48 80 3650.78 .14 9 78.79
195 21243 590 15 45 48 77 5656.59 15 44 4 77 4739.64 .15 9 77.60
196 21295 1645 15 48 28 83 6 2.97 15 43 27 82 5649.85 .18 10 79.07
197 21676 - 16 5 8 765542.15 16 3 31 76 4737.67 .16 9 78.43
198 21669 3272 16 4 59 702343.84 16 4 49 70 1541.24 .11 12 79.13
199 21851 606 16 12 13 76 015.60 16 10 50 75 5238.89 .13 10 78.46
200 21880 16 13 46 7520 8.02 16 12 32 75 1237.63 .20 10 78.96
201 21916 3289 16 15 21 7331 4.13 16 14 33 73 2340.87 .19 9 77.61
202 21999 612 16 18 56 75 5223.94 16 17 30 75 4513.59 .13 11 79.59
203 22205 3305 16 28 28 79 422.43 16 25 43 78 5747.24 .11 8 78.85
204 22194 619 16 28 4 68 5235.46 16 27 59 68 46 4.05 .16 10 79.37
205 22301 623 16 32 46 77 3258.52 16 30 39 77 2642.00 .14 9 78.80
206 22337 16 34 28 79 5336.79 16 31 17 79 4725.12 .11 8 78.83
207 22749 912 1651 1 82 721.26 16 4558 82 213.80 .12 10 79.51
208 22843 16 54 27 752820.17 16 52 55 75 2334.26 .18 8 77.63
209 22855 3345 16 54 56 70 3232.74 16 54 28 70 2751.44 .19 12 79.03
210 22910 3351 16 57 16 73 1213.75 16 56 17 73 740.76 .10 10 77.52
211 23182 639 17 8 38 654634.64 17 8 47 65 4252.19 .13 20 78.12
917 23397 17 16 59 71 5041.02 17 16 13 71 4732.42 .18 9 78.99
213 23472 3380 17 19 33 705013.34 17 18 57 70 4716.23 .06 8 77.60
214 23599 3384 17 23 23 801058.49 17 19 37 80 810.91 .19 10 78.57
215 23821 659 17 32 10 68 10 4.90 17 3158 68 8 2.90 .06 10 76.64
216 23865 3396 17 34 3 74 1534.31 17 32 41 74 1337.95 .16 9 77.87
217 23944 664 17 37 14 6847 1.92 17 36 57 68 4521.84 .14 9 78.27
218 23968 1738 5 722857.94 17 37 9 722720.21 .09 8 79.48
219 24266 17 49 12 865931.99 17 30 48 86 58 4.64 .10 8 79.64
220 24236 913 17 48 18 86 3636.23 17 32 13 86 3510.00 .17 8 79.36
221 24089 670 17 42 49 721018.42 17 4156 72 9 1.29 .03 9 76.55
222 24090 17 42 51 721047.77 17 41 58 72 930.82 .15 9 77.06
223 24180 17 46 8 8018 5.77 17 42 12 801656.58 .18 9 78.28
224 25111 914 18 21 22 89 3 3.41 17 16 57 89 215.79 .09 8 79.41
225 24343 675 17 51 41 765822.29 17 49 27 76 5741.00 .07 11 77.73
226 24459 3429 17 56 3 72 037.79 17 5511 72 018.54 .10 10 78.89
227 24667 18 348 795951.72 18 0° 3 80 O 0.00 .09 16 77.37
228 24669 18 354 80 0 3.42 18 0 9 80 012.18 .08 16 77.45
229 25114 18 21 29 711843.15 18 20 45 712015.19 .12 10 77.43
230 25122 695 18 21 58 724231.75 18 21 3 7244 5.46 .10 10 78.91



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

N GC FK5 aigs50 01950 Q2000 62000 g n E
hms ©° 7/ n hms o7 u Z

231 25364 3960 18 31 48 86 37 43.90 18 1529 863927.14 4+ .11 9 78.33
232 25244 3467 18 27 23 79 1127.87 18 24,8 791319.97 .16 10 78.93
233 25334 1646 18 30 48 83 832.33 18 24 - 9 ,831032.14 .10 8 78.11
234 25372 700 18 32 11 77 3034.17 18 29 45 77 3249.10 .15 10 77.61
235 25491 701 18 36 4 65 2640.28 18 36 13 . 652917.53 .16 9 79.23
236 25803 18 47 2 74 144.61 18 4547 74 5 6.09 .12 9 78.79
237 25839 1494 18 48 0 752236.07 18 46 22 7526 0.76 .14 10 77.89
238 25868 3501 18 49 12 79 53 6.28 18 45 38 79 5631.65 .08 11 78.17
239 26024 714 18 55:1 711352.16 18 54 24 71 1749.10 .14 10 79.29
240 26155 3961 18 59 21 8218 6.51 .18 53 54 82 2211.57 .06 10 78.01
241 26146 3517 18 59 12 69 2737.12 18 58 53 69 3153.19 .09 9 78.08
242 26484 3536 19 11 1 76 2838.47 19 910 76 3340.00 .06 10 77.79
243 26520 723 19 12 33 67 3427.91 '19 12 33 67 3939.69 .09 11 79.45
244 26638 729 19 16 32 731551.27 19 15 33 73 2117.60 .15 11 79.49
245 26773 3962 19 21 .39 8322 9.76 1915 8 83 2745.93 .09 8 79.00
246 26857 734 19 2445 793014.55 19 21 40 79 3610.30 .10 10 78.01
247 27023 3561 19 31 25 705252.59 19 31 0 705920.40 .17 10 79.54
248 27174 3568 19 36 14 741552.48 19 35 10 74 2238.55 .13 10 78.23
249 27471 19 48 21 70 827.99 19 48 10 7016 3.71 .14 20 79.60
250 27809 3605 20 1. 3 762031.80 19 59 37 76 2854.00 .13 8 78.26
251 27964 1647 20 6 53 843135.28 19 59 20 84 40 8.00 .17 9 79.37
252 27920 3614 20 510 734554.82 20 4 27 73 5433.69 .14 9 78.83
253 28066 759 20 10 37 773343.17 20 8 53 77 4240.50 .17 13 79.50
254 28070 20 10 44 68 718.61 20 10 57 68 1619.95 .15 9 79.11
255 28324 3631 20 19 53 6843 13.70 2020 6 68 5247.92 .08 9 77.81
256 28611 3963 20 31 28 811512.22 20 28 15 81 2521.61 .12 12 79.46
257 28583 1538 20 30 14 722144.42 2030 1 723154.65 .23 8 78.20
258 28690 20 34 14 832716.50 2029 3 833732.07 . .16 9 78.61
259 28639 770 20 32 11 7447 0.35 20 3130 745716.61 .11 10 79.57
260 28803 2038 2 791515.39 2036 1 792549.31 .13 13 79.62
261 29019 915 20 46 20 822053.10 20 42 35 823151.84 .15 16 79.23
262 29107 20 49 55 802156.15 20 47 34 8033 8.94 .09 9 78.52
263 29254 3672 20 55 21 7543 58.62 20 54 44 755531.45 .11 16 78.91
264 29620 21 9 17 864958.65 20 57 23 87 157.40 .09 9 78.41
265 29563 795 21 6 32 775527.92 21 529 78 734.54 .12 18 79.43
266 29550 3693 21 6 6 711349.38 21 623 712556.65 .20 11 78.49
267 29792 3964 21 15 31 81 120.18 21 13 22 81 1351.85 .13 18 79.67
268 29998 3709 21 22 51 765231.08 212221 77 524.68 .21 9 78.40
269 30118 809 21 28 1 702028.20 21 28 40 70 3338.41 .11 16 78.69
270 30415 817 21 41 12 71 454.98 21 41 55 711839.33 .11 21 79.78
271 30452 21 42 28 72 525,81 21 43 4 72 1913.19 .12 10 78.93
272 30564 3965 21 47 33 834822.96 21 44 23 84 218.49 .20 10 78.58
273 30681 21 52 48 791855.59 21 52 13 79 33 6.27 .13 10 77.69
274 30669 1578 21 52 12 73 2757.00 21 52 47 73 42 7.67 .14 10 78.67
275 30730 3755 21 55 13 80 415.12 21 54 26 80 1830.93 .09 20 79.81
276 30772 3758 21 57 23 74 4526.19 21 57 51 74 5948.33 .12 9 78.30
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N GC FK5 aigso 61950 2000 62000 e n E
hms o/ o hms o/ n 1
277 30800 21 58 33 725625.57 2159 15 73 1050.64 4+ .13 9 78.85
278 31037 837 22 851 72 541.12 22 9 48 72 2028.26 .11 21 79.62
279 31056 22° 9 30 6953 7.89 22 1039 70 756.58 .12 8 77.85
280 31223 1648 22 17 34 855128.49 22 13 11 86 627.63 .13 11 78.62
281 31227 3784 22 17 45 76 1412.65 22 18 20 76 2916.70 .13 10 78.60
282 31365 3794 22724 43 703057.02 22 26 1 704614.45 .06 -~ 9 77.53
283 31401 22 26 21 78 3150.15 22 26 43 78 47 9.68 .12 8 78.59
284 31474 1593 22 29 28 7834 2.78 22 29 53 78 4927.68 .15 10 78.60
285 31506 1594 22 31 24 7558 7.10 22 32 16 76 1335.57 .16 12 79.61
286 31567 851 22 34 32 7323 1.20 22 35 46 73 3834.97 .17 8 78.00
287 31604 22 36 975 642.08 22 37 13 75 2218.49 .08 8 78.33
288 31671 3966 22 39 20 81 750.88 22 39 25 81 2331.43 .24 9 78.19
289 31855 22 47 44 825320.42 22 47 29 83 912.74 .09 9 77.92
290 31857 863 22 47 54 655610.16 22 49 41 66 12 3.83 .16 11 78.70
291 31999 1649 22 54 53 84 444.21 22 54 25 84 2045.37 .17 12 78.20
292 32025 3837 22 56 14 725157.05 2257 48 73 '8 1.41 .17 11 78.41
293 32070 3841 22 58 18 80 431.47 2259 9 80 2037.55 .17 8 78.32
294 32237 23 618 75 7 0.80 23 7 54 75 2‘3 15.98 .20 8 77.83
295 32366 23 12 50 735731.10 23 14 37 74 1352.47 .10 9 78.89
296 32388 3862 23 13 41 703655.07 23 15 38 70 5317.07 .10 9 79.05
297 32436 3865 23 1533 75 133.07 2317 19 75 1756.58 .18 9 78.07
298 32639 2325 9 70 5 4.76 23 27 17 702135.68 .14 9 77.47
299 32680 3967 23 27 34 87 155.16 23 27 1 87 1826.73 .09 8 78.26
300 32733 23 29 44 773237.40 23 31 40 77 4910.91 .10 10 78.70
301 32793 3893 23 32 48 712156.30 23 34 59 71 3831.49 .20 10 79.01
302 32872 3898 23 37 9 734332.01 233921 74 0 9.10 .13 9 77.68
303 32875 893 23 37 17 772116.61 23 39 21 77 3753.89 .17 9 78.80
304 33031 895 23 45 30 673144.66 23 47 55 67 4824.64 .13 9 77.44
305 33113 3919 23 49 32 771919.08 23 51 58 77 3559.91 .05 8 77.53
306 33166 1627 23 52 22 74 755.01 23 54 49 74 24 36.27 .11 9 78.25
307 33205 1650 23 54 4 825446.20 23 56 28 83 1127.75 .12 9 77.69
APPENDIX the equinox and epoch J2000.0 and the declination

The columns contain

1.

5

3.

N — number of the star in the Catalogue BCAD;
819500 — declination of the star obtained from
observation for the equinox and epoch B1950.0;
A, -- difference of the star declination obtained
from observations at the upper culmination for
the equinox and epoch B1950.0 and the declination
8,950.0 from Column 2;

. A, - difference of the star declination obtamed

from observations at the lower culmination for
the equinax and epoch B1950.0 and the declina-
tion 8,95¢.0 from Column 2;

. 832000.0 — declination of the star obtained from

observation for the equinox and epoch J2000.0;

. Ay — difference of the star declination obtained

from observations at the upper culmination for

10.

11.

13.

852000.0 from Column 5;

A, — difference of the star declination obtained
from observations at the lower culmination for
the equinox and epoch J2000.0 and the declina-
tion 6J5000.0 from Column 5;

€, — random error of a single declination observa-
tion of the star at the upper culmination;

. n; - number of observations at the upper culmi-

nation of the star; -

E, — epoch of observation of the star at the upper
culmination calculated from 1900.0;

€, — random error of a single declination determi-
nation of the star at the lower culmination;

.'n, — number of observations at the lower culmi-

nation of the star;
E, — epoch of observation of the star at the lower
culmination calculated from 1900.0;
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N 19500 A1 Ay dyz0000 Az Ay g m B g9 ny E,
o 7 n 1" o 1 " " . 1"
1 7320 1.16 +0.03 -0.13 73 36 42.84 +0.06 -0.3110.24 4 78.76 =-0.58 5 78.30
2 7640 23.31 .00 .06 7657 3.03 .03 -.16 .27 4 78.68 .65 5 79.50
3 79463175 .16 -.34 80 3 7.41 .19 -.53 41 6 78.56 59 5 77.08
L 76 44 37.72 -.09 .22 77 1 9.8 -.03 .09 .26 4 78.68 515 77.29
5 70 42 22.25 .06 -.36 7058 54.33 .09 -.53 .20 &4 78.78 67 6 77.99
6 8213 4.8 .16 -.8% 8229 37.09 .19 -1.09 .28 & 77.95 63 4 77.03
7 7442 54.69 -.03 - .09 7459 16.88 .03 -.09 .31 5 78.71 7550 77.11
8 7434 29.66 .06 -.06 745050.97 .16 -.22 .27 4 78.77 40 6 79.01
9 722 5.92 -.03 .55 72 40 28.50 -.02 . .1 4 78.26 .63 4 78.87
10 83 26 12.00 .16 -.22 83 42 26.75 .28 -.44 .32 4 78.45 .51 5 78.40
11 80 16 32.81 .03 .00 80 32 43.38 .25 -.03 .51 4 78.23 .20 4 79.08
12 70 42 49.59 -.25 .11 7058 58.63 -.13 .05 .34 5 78.71 .24 6 78.88
13 8559 24.63 -.19 .56 8615 25.75 -.13 .38 .30 4 78.52 61 5 76.96
1% 79 24 31.25 .47 -.31 79 40 26.53 .59 -.41 .38 4 78.76 37 5 77.32
15 7558 39.81 -.03 .06 76 14 19.88 .06 -.09 .34 & 79.22 39 4 78.65
16 88 45 19.22 -.13 .59 89 056.34 -.09 .38 .34 4 79.65 .87 5 79.00
17 6752 11.59 -.02 .06 &8 7 47.89 .02 -.08 .11 4 T78.49 .33 10 79.08
18 70 029.55 .28 -.38 70 1552.39 .36 -.52 .41 4 78.76 .59 5 78.55
19 72 47 10.66 .36 -.27 73 224.31 .50 ~-.38 .47 5 78.72 41 5 76.78
20 77 42 58.06 .25 -.47 77 58 8.13 .31 -.69 .29 4 79.00 39 4 78.12
21 67 47 28.09 .13 -.42 68 2 34.70 .16 -.55 .46 4 79.02 .85 4 78.36
22 702215.77 .00 .02 7037 21.34 .03 -.11 .23 4 79.28 48 5 80.19
23 752035.22 .03 -.09 753523.06 .06 -.16 .17 4 78.98 .52 5 78.22
2, 8039 52.06 ~-.31 .16 80 54 30.03 -.16 .06 .36 4 78.78 33 6 78.54
25 7039 56.78 -.88 .09 70 54 25.06 -.64 .08 .46 5 79.15 .12 4 76.88
2 7210 50.81 .02 -.05 7225 16.77 .06 -.22 .36 5 79.34 .80 7 78.66
27 77 233.66 .03 -.09 77 16 52.75 .09 -.28 .34 5 79.42 .63 6 78.05
28 7552 3.22 -.38 .19 76 654.13 -.19 .13 .58 5 79.37 346 4 78.12
29 81 331.66 -.25 .31 8117 45.53 -.13 .19 .37 5 79.63 .41 5 80.02
30 89 144.13 -.16 .78 89 1550.94 -.13 &bk AT 4 79.65 A1 G 79.44
31 7347 39.36 .03 -.09 74 140.31 .31 -.41 4k 4 T79.54 94 5 79.22
32 6617 29.00 -.16 .20 66 3127.72 -.09 .11 .58 4 79.02 66 4 79.38
33 8319 45.13 .19  -.09 83 33 41.38 .34 -.22 .36 4 79.07 36 6 77.71
3% 71 431.59 -.75 .06 7117 38.88 -.50 .02 .54 5 79.52 A2 4 78.93
3 7629 58.13 -.13 .19 76 43 5.66 .00 .03 .35 4 79.69 53 6 79.76
3 83 3657.13 -.03 .00 8350 4.88 .13 -.13 .23 4 79.77 .28 5 80.06
37 723 5.5 -.14 .38 7249 5.97 -.09 .22 .30 4 79.79 .50 3 77.23
38 67 36 50.55 .11 -.28 67 49 28.77 .16 -4 .31 4 79.07 .68 6 77.70
39 8114 22.16 -.09 .00 8126 54.41 .19 -.03 .31 4 78.83 A3 6 78.72
40 72 28 22.05 -.13 .05 72 40 22.09 .03 -.02 .45 4 78.78 40 7 78.56
41 7913 26.59 -.25 .13 7925 6.97 -.06 . .03 .35 6 79.57 19 4 77.20
42 8116 50.59 .06 -.06 81 28 14.19 .16 -.28 .28 4 79.07 4T 6 77.56
43 7412 2241 .09 -3 74233731 .19 -.28 .29 4 79.00 50 6 77.93
4 7733 14.53 .31 -.38 77 44 5.16 .47 -.47 46 4 T79.30 48 4 79.19
45 84 44 23.72 .50 -.22 84 54 40.13 .75 :.31 .55 5  79.14 29 4 76.93
46 7310 48.81 -.09 .06 7320 48.97 .06 -.03 .23 4 79.24 .25 5 78.84
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47 74235 5.16 .00 -.03 74 3233.09 .09 -.09 4 .43 5 79.20 - .45 5 77.03
48 7043 8.53 -.27 .08 7052 16.11 -.09 .03 .39 6 79.60 .25 7 79.43
49 711051.58 -.31 .36 711956.17 -.20 .25 .39 6 79.61 .39 5 78.25
50 7140 33.66 .22 -.77 7149 17.80 .28 -.92 .39 6 79.35 .54 4 76.46
51 78 348.78 .09 -.13 7812 9.91 .19 -.28 .57 5 79.06 .66 5 T77.22
52 8629 19.91 -.03 .06 8637 34.66 .06 -.16 .26 4 T79.69 .56 5 79.02
53 7352 0.00 .03 .00 74 0 1.41 .13 -.13 .41 6 79.95 .39 6 78.78
54 80 33 56.47 -.41 .47 80 4155.13 -.28 .19 .68 6 79.52 .55 4 78.72
55 7559 12.13  -.06 .13 76 622.22 .03 -.03 .45 7 80.11 .63 5 79.06
56 83 41 33.63 .16 -.03 83 48 28.50 .38 -.06 .31 4 79.58 .12 4 78.93
57 80 42 35.47 -.34 .69 80 49 27.22 -.28 .38 .50 5 79.97 .77 6 78.12
58 83 13 34.69 .03 .00 83 20 25.81 .25 -.09 .53 5 79.81 .26 4 76.98
59 69 16 9.28 -.05 .73 69 22 41.98 -.03 .53 .15 4 80.36 .69 5 79.73
60 8525 3.78 .00 .06 85 3137.94 .06 -.19 .29 4 79.77 .51 4 79.45
61 72252617 -.27 .03 723143.06 .09 .00 .67 4 79.18 .25 4 79.4t
62 7933 46.63 .53 -.3% 7939 25.28 .75 -.4b .53 4 78.97 .52 5 76.71
63 7631 14.46 -.09 .31 763639.97 -.03 .16 .42 6 79.57 .75 5 77.08
64 755115.25 .28 -.06 7556 28.72 .50 -.16 - .65 5 79.13 .28 4 T77.44
65 70512050 .00 .00 70 5629.95 .11 -.08 .32 4 79.77 .37 7 78.74
66 661538.89 .00 -.13 6620 33.73 .02 -.28 .16 4 80.02 .69 & 77.68
67 81 659.88 .03 -.06 81 1138.84 .19 -.22 .52 5 79.16 .56 5 77.69
68 7353 9.66 -.13 .31 7356 48.28 -.06 .13 .3% 5 79.36 .58 5 77.00
69 7312 52.3% -.09 .19 7316 5.53 -.03 .03 .31 4 79.16 .59 5 77.66
70 713950.38 -.03 .20 714253.25 .00 -.05 .21 5 80.3% .55 5 76.72
71 7910 43.56 -.38 .34 79135231 -.22 .22 .40 5 80.25 .38 5 77.72
72 85 5341.25 -.06 .06 8556 19.03 .09 -.09 .58 5 79.86 .43 4 78.9
73 7011 6.78 -.05 .28 7013 42.17 -.02 .13 .41 6 T9.70 .76 4 7.7
7 7756 10.00 .03 -.16 7758 39.06 .09 -.41 .22 6 79.76 .46 6 T7.34
75 8538 18.06 -.47 .38 8540 6.09 -.28 .22 .54 4 79.18 .49 4 77.03
76 75 05403 .03 -.03 75 238.31 .13 -.13 .60 6 79.98 .67 5 77.10
77 7116 35.31  -.36 .45 7117 22.05 -.33 .33 .49 6 79.66 .42 4 TI.22
78 85 10 27.47 -.28 .16 85 1056.13 -.09 .06 .61 6 79.83 .32 4 77.28
79 7535 18.19 -.19 .06 7535 10.03 -.03 .03 .42 5 79.48 .22 &4 77.22
80 6543 53.81 .02 -.19 6543 6.80 .03 -.25 .31 6 79.68 .82 5 76.70
81 6920 27.28 .38 -.63 69 19 11.52 .42 -.70 .48 5 79.28 .50 4 76.98
82 70 3357.14 -.45 .46 7032 7.39 -.33 .31 .25 5 B80.14 .2 5 77.93
B3 73 44 17.16 .09 -.09 73414661 13 -.28 .40 5 79.51 .4k 5 77.55
8 78 224.66 -.16 .22 7759 44.88 -.06 .06 .39 5 B80.5 .50 5 77.59
85 7147 39.11 -.08 .02 71445592 .11 -.03 .68 4 79.95 .39 & 78.05
8 82 948.38 -.56 .09 82 655.06 -.38 .13 .29 5 79.84 .09 & 78.62
87 86 46 7.03 -.41 .09 B641 3.41 -.22 .03 .50 4 79.18 .26 4 78.12
88 79 37 26.69 .13 -.63 79 3353.69 .19 -.81 .24 5 80.22 .4 4 77.82
89 68 5659.28 .00 .03 6853 18.3 .00 .00 .17 4 79.15 .86 5 77.78
90 77 244.13 -.3% .25 765839.13 -.19 .16 .52 6 80.22 .32 4 78.33
91 7052 43.81 -.36 .34 70 48 29.70 -.20 .28 .5 5 79.85 .54 5 77.78
92 7850 9.59 -.06 .03 7845 9.09 .13 -.09 .51 6 79.75 .30 4 77.26



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

N 19500 Ay Ay by0000 Az Ay g1 ny Ey g ny E
o | 1 " " o ! " 1 " " "

93 7154 4.91 -.28 .17 7149 0.4 -.19 .11 $.30 6 80.03 4 .18 4 77.5
9 823050.09 -.31 .34 8226 41.22 -.22 .22 .45 & T79.45 45 & 77.55
95 68 34 15.08 -.14 .52 68 27 56.46 -.09 .38 .25 4 79.87 65 6 78.63
96 78 47 38.44 -.19 .22 78 41 12.88 -.06 .06 .54 4 80.87 T4 5 T77.99
97 87 7 34.28 -.56. .09 87 112.31 ~-.34 .06 .53 4 79.19 23 4 78.65
98 70 19 54.06 -.06 .11 7012 26.30 -.02 .05 .63 6 79.72 715 77.76
99 77 42 34.78 -.03 .09 77 34 35.25 .00 .00 .40 & 79.17 75 4 77.63
100 74 3 16.9 -.19 .22 7355 4.59 -.09 .16 .41 5 79.51 b5 78.24
101 79 37 13.91 -.03 .00 79 28 46.94 213 -.13 .67 5 80.06 .65 5 78.86
102 68 37 25.63 -.02 - .33 68 28 26.27 -.02 .23 .13 4 79.17 73 5 78.28
103 84 12 30.97 .03 -.06 8 3 27.63 .06 -.16 .40 & 79.59 43 4 78.42
104 75 54 45.88 -.09 .22 7545 24.78 -.03 .16 .27 4 79.85 537 T78.42
105 72 33 54.75 -.09 - A7 72 246 26.17 -.03 .09 Al 5 79.73 63 6 78.47
106 82 35 26.00 -.19 .22 82 2550.59 -.09 .13 .55 9 79.83 .56 7 78.88
107 78 23 45.16 -.06 .47 78 13 42.63 -.06 .34 .21 & 79.17 79 7 T7.67
108 73 48 25.50 -.03 A9 73 37 46.66 -.06 .16 .38 4 79.16 .92 5 78.09
109 82 25 13.16 -.03 .47 82 14 21.44 -.06 .25 .18 4 79.18 69 S 77.06
110 78 21 4.09 .13 -.22 78 954.31 .09 -.28 .50 5 79.18 63 5 77.85
111 78 20 18.38 .03 -.03 78 B8 44.63 .06 ~-.09 .30 5 79.19 .27 5 78.08
12 67 49 35.48 -.06 .73 67 37 46.78 -.05 .61 .22 T 79.23 .65 5 78.35
13 88 46 14.91 -.38 .22 88 34 13.16 -.16 .09 .41 4 80.01 36 5 78.67
114 84 23 10.81 -.50 .13 8 10 51.78 -.47 .06 .34 4 79.17 16 4 77.63
15 7151 46.78 -.13 .09 7139 21.16 -.09 .23 .81 5 79.19 75 6 78.50
M6 73 9 18.69 -.09 .41 72 56 46.66 -.06 .22 .27 4 79.28 54 4 T77.73
17 76 13 43.06 -.38 .28 74 059.50 -.28 .22 .62 6 78.51 48 5 77.88
118 7518 54.78 -.31 .34 75 553.88 -.19 .28 .60 7 79.82 69 9  78.90
19 70 3 6.64 .19 -.36 69 49 49.53 .30 -.39 .26 4 78.72 34 & T7.65
120 72 25 46.02 -.23 .52 72 12 20.42 -.16 .39 .56 6 79.57 76 5 77.90
121 8133 0.50 -.19 .59 811935.22 -.19 .41 .30 5  79.51 51 5 78.53
122 69 28 0.03 -.02 06 69 14 15.30 .00 -.03 .42 5 79.06 .65 4 76.93
123 72 28 53.41 -.30 .47 7215 9.38 -.20 .33 .40 4 79.52 50 4 77.93
126 7922 5.09 -.19 .34 79 812.19 -.09 .25 .57 6 78.39 725 78.71
125 73 7 7.47 -.22 .63 72 52 46.41 .00 -.03 39 5 78.65 54 4 78.36
126 75 0 1.28 -.09 06 74 45 32.53 -.03 .00 73 4 78.18 52 4 78.41
127 84 9 43.78 19 -.34 83 55 6.16 19 -.53 .61 6 78.38 .61 4 77.15
128 79 11 44.97 .00 -.09 78 56 48.97 .03 -.22 .24 4 78.70 .83 5 78.42
129 71 18 25.13 .08 -.30 71 3 22.41 11 - 47 48 5 79.45 .91 5 78.29
130 65 21 31.67 .00 .00 65 6 30.02 .03 ~-.11 .29 4 77.46 58 4 78.18
131 6549 12.95 -.05 .13 65 33 59.28 -.02 .03 .37 &4 78.25 .89 & 77.87
132 8 30 28.50 .19 -.31 84 15 7.38 .28 -.50 .32 5 78.82 32 4 78.38
133 82 48 51.81 .00 .00 82 33 30.78 .09 -.13 .41 5 78.21 45 5 78.09
134 7558 17.66 -.03 .06 75 42 46.78 .06 -.13 .21 4 80.04 34 5 78.14
135 80 45 12.56 -~.31 .44 80 29 40.78 -.22 .28 .54 5 80.33 68 6 78.92
136 80 41 20.31  -.19 .41 80 25 37.88 -.09 .25 .46 8 79.32 60 5 78.88
137 €9 20 18.38 -.13 .47 69 4 36.20 -.08 .38 .37 5 78.01 715 78.48
138 76 15 37.66 -.06 .06 7559 41.19 .06 -.06 .39 & 77.49 41 4 7771
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139 78 2 19.38 A3 0-016 7T 46 12.69 6 -.25 .25 4 78.46 4+ .31 5 78.45
140 72 13 47.86  .06.. -.09 7157 32.13 .13 -.20 .59 5 78.43 .72 5 77.90
141 82 0 20.28 -.22 .09 8143 54.03 -.03 .03 .38 5 77.46 22 4 T77.95
142 85 54 43.63 -1.09 .16 85 38 24.34 -.84 19 .38 4 79.77 .16 4 78.69
143 78 34 55.00 .06 -.03 78 18 32.25 .25 -.09 26 4 79.76 146 3 78,69
144 69 36 26.73 -.20 .63 69 19 52.41 -4 47 .22 & 77.28 .53 6 78.56
145 81 24 10.16 -.06 .28 81 7 38.31 .00 .06 .31 4 78.00 67 4 78.69
146 77 52 20.78 09 -.41 77 35 4444 .09  -.56 24 4 T78.76 L9 4 T7.66
147 67 117.81  -.63 .41 66 44 41.09 -.48 .38 4k & 77.25 36 4 78.42
148 81 7 55.91 -.41 .75 8051 12.16 -.28 .59 .34 4 78.57 47 & T7.95
149 70 30 57.59 -.22 .25 70 14 16.25 -.13 .16 400 40 78.31 .53 5 77.92
150 85 51 50.84 -.16 .06 85 35 13.66 .03 .00 .56 4 79.05 45 6 79.05
151 77 11 7.31 -.09 .31 76 54 20.78 -.03 <13 27 4 77.28 .52 4 78.77
152 77 53 38.44 .13 .00 77 36 58.81 .38 -.03 .66 5 77.08 .20 5 78.28
153 70 28 41.63 -.22 .67 70 12 0.25 -.16 .53 A4 50 77.32 .20 4 78,7
154 72 49 45.78 -.03 .16 72 33 3.98 .00 -.06 26 4 T77.05 .81 5 78.76
155 87 58 37.63 .34 -.19 87 42 0.66 53 =28 .43 4 80.04 .40 5 79.31
156 75 26 16.75 09 -.36 75 9 37.94 13 -.53 .20 & 77.53 41 4 7876
157 72 12 26.22 .13 -.20 71 55 47.31 22 -.36 .3 4 T76.35 .55 5 78.31
158 70 3 49.61 .28 -.17 69 47 18.19 .39 -.23 .47 5 78.33 .29 4 78.79
159 70 17 49.70 .08 -.20 70 1 18.45 .13 -.38 L7 4 77.87 .93 5 78.55
160 80 53 41.94 -.16 .88 80 37 15.97 -.13 .63 .14 4 76.80 31 4 78.48
161 83 41 22.69 .19 -.13 83 25 4.53 .38 -.28 .56 6 77.62 435 79.15
162 83 41 4.84 .19 -.19 83 24 46.69 .38 -.28 .63 6 77.62 .55 5 79.15
163 65 42 36.17 -1 .42 65 26 18.73 -.08 .30 27 4 T7.62 72 6 79.09
166 75 44 30.94 A3 -.16 75 28 21.38 .22 -3 46 5 77.89 .52 5 78.79
165 80 44 8.91 .00 -.03 80 28 16.81 A3 -9 26 4 T77.54 .34 S5 78.95
166 73 3 49.59 .22 -.38 72 47 56.61 27 -.55 .22 4 78.58 .31 4 78.77
167 68 40 15.94 .02 -.16 68 24 28.67 .03 -.34 .39 6 77.20 .93 4 78.81
168 72 39 3.03 .00 .09 72 23 29.34 .00 -.16 A6 &0 77.05 .71 4 78.79
169 78 54 7.56 .06 -.06 78 38 37.97 19 -.22 49 4 78.60 .57 4 79.05
170 71 29 46.94 16 -016 0 71 14 32.33 .23 -.27 59 5 T77.94 .62 5 78.93
171 78 18 53.22 -.06 .09 78 3 52.16 .03 -.06 54 6 79.22 .63 5 79.52
172 83 013.53 ~-.03 .53 8245 8.9 .00 .28 .12 4 78.16 62 4 79.43
173 79 14 33.06 -.03 .03 78 59 44.66 .09 -.06 .52 5 78.18 .52 6 79.17
174 68 33 46.09 .00 .06 68 18 54.92 02 =1 A7 5 78.14 54 50 79.49
175 74 49 49.47 -.50 .53 74 3537.56 -.38 .44 .38 4 78.87 475 79.78
176 77 46 57.22 -.19 .50 77 32 51.28 -.13 .31 .32 4 78.82 65 5 79.56
177 69 40 1.02 -.22 45 69 25 57.36 -.14 .31 .26 4 78.64 L7 6 79.74
178 75 55 6.06 47 -.44 75 41 45.84 .59 -.56 .43 5 77.13 346 4 78.78
179 81 156.59 -.28 .69 80 48 35.8 -.22 .50 .39 10 78.50 40 4 T79.00
180 79 52 36.56 -.28 16 79 39 37.50  -.09 .06 26 4 79.43 .20 4 79.74
181 87 25 20.06 .09 -.13 87 12 53.06 28 =31 32 4 7716 46 S5 79.52
182 74 2135.97 -.06 .38 74 920.03 -.03 .13 .29 4 76.92 66 4 79.70
183 82 43 7.25 -.31 .19 82 30 43.06 -.13 .06 .68 8 79.02 37 40 79.51
186 66 7 52.25 .03 -.30 65 55 56.47 .03 -.45 22 & 7T .89 5 79.01



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

N bi950.0 Ay Ay bdyzo000 A3 Ay g np E €2 ny E,
@ ¢ " " 1" o 1 " " 17 " 1"
185 71 57 38.44 .00 .11 71 45 55.55 02 -.13 4+ 016 4 T7.14 + .74 5 79.67
186 67 32 10.78 -.13 .13 67 20 48.41 -.03 .03 54 4 76.94 .52 4 79.22
187 72 0 19.31 - 14 .23 71 49 26.14 -.06 .09 .50 5 78.00 .63 5  79.55
188 74 13 32.63 -.22 16 74 2 42.44 .00 -.03 52 5 79.23 46 6 79.77
189 72 0 42.89 .13 -.53 7150 2.28 AT =7 .28 4 T77.41 .70 5 79.34
190 84 59 40.75 -.13 .34 84 49 31.00 -.03 13 24 40 76.96 56 6 79.48
191 80 56 20.13 -.41 .75 80 46 15.88 -.31 .56 40 5 78.43 55 5 79.74
192 77 30 59,66 -.03 .06 77 20 57.59 .03 -.16 30 4 77.93 91 6 79.60
193 .71 18 55.28 -.69 78 71 9 13.66  -.56 .66 .53 5 78.61 56 5 79.75
194 80 46 30.38 -.03 .19 80 36 51.81 .03 -.09 29 4 78B.69 .83 5  79.33
195 77 56 56.69 06 .31 77 47 39.63 A3 .53 .34 4 77.20 .83 5 79.22
196 83 6 2.97 -.53 .38 82 56 49.9 -.34 .25 55 4 78.23 61 6 79.64
197 76 55 41.72 -.28 .31 76 47 38.03 -.16 .16 .50 5 77.64 43 40 79.32
198 70 23 42.88 -.23 - .45 70 15 41.97 -.16 .28 31 6 78.60 .44 6 80.15
199 76 0 15.25 .00 .00 75 52 39.19 16 -.16 34 4 77.18 46 6 79.80
200 75 20 7.06 130 -.16 75 12 38.34 22 .34 .57 5 78.43 175 79.79
201 73 31 3.22 -.06 .28 73 23 41.59 -.03 .09 42 4 76.99 94 5 79.73
202 75 52 16.66 -.34 .09 75 45 18.81 -.13 .03 .67 5 78.03 36 6 79.98
203 79 4 19.19 -.28 .53 78 57 49.53 -.22 .38 .28 3 77.87 .37 5 80.56
204 68 52 34.45 - .17 .20 68 46 4.78 -.09 w11 L1 4 7867 .58 - 6 80.15
205 77 32 50.53 .00 .09 77 26 47.72 -03 =.16 .30 4 78.68 91 5 79.57
206 .79 53 39.06 34 -.19 79 47 23.47 56 -.25 .38 4 76.95 27 4 79.79
207 82 7 21.16 -.461 .09 82 2 13.91 ~¥6 .03 50 4 78.01 35 6 79.91
208 75 28 20.59 -.03 .06 75 23 33.97 .03 -.09 L1 40 T77.25 .88 4 79.40
209 70 32 34.28 -.36 .58 70 27 50.36 -.25 A .62 6 78.65 T9 0 6 79.64
210 73 12 14.38 -.06 .28 73 7 40.31 .00 .06 A9 &0 77.22 65 6 79.41
211 65 46 34.03 -.06 A7 65 42 52.63 -.03 .06 .35 5 77.36 .76 15 80.21
212 71 50 41.11 -.42 27 71 47 32.38  -.28 A7 55 4 77.22 .53 5 80.10
213 70 50 12.84 -.02 41 70 47 16.59 .00 .25 A1 40 77.55 .78 4 80.17
214 80 10 58.41 -.13 .16 80- 8 11.00 -.03 .03 .54 5 77.68 56 5 79.55
215 68 10 1.06 .00 .19 68 8 5.78 .00 -.03 A6 4 76.52 .99 6 80.02
216 74 15 33.22  -.19 .38 74 13 38.78 -.09 .19 4450 77,09 S50 4 79.39
217 68 46 52.50 -.16 . 1.00 68 45 28.55 -.13 .86 .35 5 77.86 .73 4 80.89
218 72 28 57.30 -.52 .20 72 27 20.69  -.39 .14 37 4 78.00 .23 4 80.04
219 86 59 31.91 -4 .22 86 58 4.81 ~ w2 13 35 4 78.97 .27 4 80.03
220 86 36 34.63 -.25 .56 86 35 11.13  -.16 .41 41 4 78.97 .60 4 80.18
221 72 10 26.03 .00 -.13 72 8 55.59 .00 -.38 .06 4 76.52 .97 5 80.23
222 72 10 55.72 .00 .02 72 9 24.88 .03 -.20 31 4 76.52 .94 5 80.23
223 80 18 5.63 -.50 .53 80 16 56.69 -.38 .38 49 4 77.23 .62 5 79.42
224 89 3 3.53 -.41 .38 89 2 15.66 -.16 .28 .22 4 78.91 21 &4 79.88
225 76 58 15.22 -.22 41 76 57 46,25 -.16 .22 16 40 76.53 317 79.99
226 72 0 37.706 -.09 .03 72 0 18.61 .09 -.02 42 40 76.99 34 6 T79.60
227 79 59 48.00 -.09 .31 80 0 2.66 -.06 .13 19 40 76.53 .56 12 80.21
228 79 59 59.91 -.19 .50 80 0 14.69 -.09 .31 19 &0 76.53 .50 12 80.21
229 7118 41.97 -.08 .55 71 20 16.05 -.05 .28 .25 4 77.01 .85 6 80.13
230 72 42 41.95 .03  -.06 72 43 58.16 A6 -4 .35 6 78.27 .37 4 80.17
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231 86 37 43.09 -.13 .38 86 39 27.72 -.03 16 + .28 5 7791 4+ .39 4 79.50
232 79 11 25.66 -.34 47079 13 21.53 - 22 .34 465 7T A 54 5 80.32
233 83 8 33.22 -.03 44 83 10 31.47  -.03 .28 19 4 78.06 86 4 79.14
234 77 30 34.16 -.06 A3 77 32 49.09 .03 -.03 35 4 76.77 T4 6 79.73
235 65 26 37.89 .27 -.14 65 29 19.25 .31 -7 .51 4 77.51 45 5 80.11
236 74 1 42.34 .09 -.06 74 5 7.75 l22 -.09 40 46 77.25 41 5 79.84
237 75 22 33.88 -.03 16 75 26 2.34 .00 .00 31 4 77.30 76 6 79.86
238 79 53 4.13  -.06 22 79 56 33.19 .00 -.06 19 5 77.57 .40 6 80.39
239 71 13 50.86 -.61 A7 71 17 50.03 -.42 .22 .60 6 78.80 26 4 79.44
240 82 18 5.91 .03 -.13 82 22 12.00 .19 -.22 16 40 77.30 34 6 79.75
241 69 27 38.28 -.16 45 69 31 52.33 .14 .38 .20 & 77.27 42 5 80.46
242 76 28 41.94 .06 -.13 76 33 37.41 .09 -.22 A4 40 77.03 29 6 79.74
243 67 34 25.13  -.42 .63 67 39 41.59 -.36 .53 .26 5  79.00 35 6 80.11
244 73 15 48.00  -.31 .53 73 21 19.78  -.19 .38 42 5 79.04 .59 6 80.25
245 83 22 9.50 -.38 .06 83 27 46.09 -.31 .03 52 4 78.12 .22 4 T79.16
246 79 30 15.53 .09 -.41 79 36 9.56 19 -.63 22 4 77.51 .56 6 79.80
247 70 52 50.86 -.25 .30 70 59 21.56 -.14 16 .54 5 78.66 .57 5 80.54
248 74 15 51.91 16 -.31 74 22 38.94 .25 -.41 31 4 77.51 .58 6 79.61
249 70 8 26.83 -.42 b4 70 16 4.48 -.34 A .60 9 79.03 .64 11 80.20
250 76 20 33.41 -.16 .28 76 28 52.75 -.06 A3 31 4 77.53 G4 4 7974
251 84 31 36.53 -.13 47 84 40 7.09 -.09 .28 b S5 79.05 .66 4 B80.46
252 73 45 54.03 .06 -.03 564 34.25 .16 -.03 67 5 77.30 39 4 79.59
253 77 33 42.38 -.28 .38 77 42 61.00 -.19 .22 .59 7 79.12 62 6 79.97
254 68 7 18.67 -.41 .36 68 16 19.86 -.30 .28 49 50 78.42 .38 4 T79.74
255 68 43 12.58 -.05 .16 68 52 48.70 .00 .00 A7 40 77.30 42 5 79.78
256 81 15 11.69 -.28 .38 81 25 21.94 -.13 .28 40 7 79.33 42 5 79.65
257 72 21 46.94  -.38 .64 72 3154.20 -.30 35 .55 4 77.15 71 46 79.97
258 83 27 16.94 .00 .00 83 37 31.72 .09 -.22 .35 4 77.88 .63 5  80.17
259 74 47 0.69 -.44 A3 74 57 16.31 -.28 .06 .54 5 78.65 27 S 79.80
260 79 15 15.13 -.22 6 79 25 49440 - 13 .03 60 6 79.04 50 7 79.99
261 82 20 52.31 -.25 .47 B2 31 52.3¢  -.19 .28 56 9 79.00 70 7 79.64
262 80 21 57.09 -.13 .19 80 33 8.16 -.03 .03 .25 & 78.15 415 79.21
263 75 43 57.25 -.13 .38 75 55 32.38 -.06 .16 .38 8 78.54 .60 8 79.85
264 86 49 58.16 -.31 .56 87 157.72 -.41 19 .28 &4 77.M 4705 79.72
265 77 55 26.91 -.09 .28 78 7 35.19 =03 13 .42 10 79.38 73 8  79.59
266 71 13 52.39 -.52 .39 71 25 54.28 -.39 .28 .67 5 77.28 65 6 79.43
267 81 1 20.09 -.38 .34 81 13 51.84 -.25 .22 .55 8 79.18 .55 10 80.12
268 76 52 30.31 -.03 .03 77 5 25.19 .06 -.06 .51 4 T77.66 66 5 79.20
269 70 20 27.83 -.02 .08 7C 33 38.61 .00 -.05 .32 8 78.64 .80 8 78.98
270 71 4 51.83 -.22 56 71 18 41.38  -.17 .42 40 100 79.61 .67 11 80.23
2711 72 5 26.73 1 -.06 72 19 12.42 .13 -.03 .58 5 77.87 L8 5  79.66
272 83 48 22.19 -.03 .09 84 2 19.03 .06 -.13 .63 6 78.35 65 4 79.00
273 79 18 54.94 06 -.34 79 33 6.69 160 -.47 27 4 T7.42 .77 6 78.88
276 73 27 56.13 16 -.06 73 42 8.25 .31 -.09 47 4 T77.18 a6 60 79.40
275 80 4 15.09 -.38 .63 80 18 30.88 -.28 .50 37 1 79.54 47 9 80.29
276 T4 45 26.28 -.16 .84 74 59 48.19 -.13 .63 29 5 78.09 59 4 79.53



CATALOGUE OF DECLINATIONS OF 307 BRIGHT STARS IN THE ZONE +65° — +90° (BCAD)

N b1950.0 A Az dj0000 Ay Ay &1 ny Ey €, no Eo
o ! 1" 1 " o] ! H i " 1 "

277 72 56 30.06 .06 -.25 73 1047.36 .13 -.38 +.31 4 78.62 +.70 5 79.66
278 72 540.81 -.27 .50 7220 28.39 -.19 .38 .4k 10 79.42 61 11 79.99
279 6953 6.91 -.06 .28 70 757.25 ~-.03 .16 .26 4 77.70 .54 4 78.52
280 85 51 27.06 -.44 .75 86 6 28.59 -.44 .53 .40 5 77.95 .58 6 79.79
281 76 14 12.22 -.03 .13 76 29 16.94 .00 .03 .37 5 78.08 56 5 79.84
282 70 30 56.44 -1.06 .06 70 46 14.83 -.84 .06 .62 5 77.77 A3 4 7751
283 78 3151.22 -.03 .22 7847 8.81 .00 .00 .25 4 78.40 57 4 79.53
284 7834 3.25 .00 .00 78 49 27.25 .03 -.09 .43 5 78.32 715 79.37
285 7558 7.22 .09 .22 7613 35.41 .22 -.31 .52 6 79.2 .71 6 80.30
286 7323 0.3% -.56 .41 73383556 -.47 .28 .54 4 77.98 Ab 4 78.02
287 75 641.72 -.38 .06 7522 18.69 -.16 .06 .36 4 77.43 A5 4 78.50
288 81 750.59 .13 -.16 8123 31.56 .25 -.28 .60 4 77.69 .85 5  78.85
289 82 53 18.91 -.66 .44 83 9 13.8¢ -.47 .34 .27 4 T6.74 .28 5 78.75
290 6556 13.61 -.05 .06 66 12 1.23 .02 -.02 .46 5 77.89 59 6 79.79
291 84 4 43.28 .06 -.06 8 20 46.00 .06 -.13 .42 4 77.90 .72 8 78.63
292 725157.8 .25 ~-.22 73 8 0.72 .31 -.31 .53 5 77.52 57 6 79.27
293 80 & 30.19 -.06 .13 80 20 38.44 .03 -.03 .42 4 T77.67 52 4 79.29
294 75 7 1.44 -.09 .13 752315.38 .00 .00 .53 4 77.69 62 4 78.01
295 7357 30.72 .22 -.28 74 13 52.66 .34 -.31 .27 4 78.62 39 5 79.25
296 70 36 54.78 -.22 .19 7053 17.19 -.11 .09 .29 4 77.70 32 5 80.14
297 75 132.81 -.13 .25 7517 56.69 -.06 .09 .42 4 77.69 .75 5 78.85
298 70 5 4.73 .30 -.06 70 2135.61 .47 -.09 .65 4 77.66 36 5 77.44
299 87 154.59 -.25 .63 87 18 27.09 -.22 .44 .21 5 77.93 34 3 79.09
300 77 32 36.94 -.13 .47 7749 11.16 -.06 .25 .25 5 78.46 50 5 79.69
301 71 2156.09 -.31 .38 71383155 -.20 .25 .61 5 78.72 .66 5 79.33
302 7343 31.63  -.16 .34 T4 O 9.31 -.09 .22 .29 4 77.96 515 77.09
303 77 21 12.13  -.16 .13 77 37 57.09 -.03 .03 .49 4 78.22 545 79.29
304 67 31 44.52 .13 -.16 67 48 24.66 .20 -.27 .33 4 77.69 465 T77.09
305 77 19 21.44 -.16 .38 77 3557.88 -.09 .19 .13 4 77.74 20 4 77.06
306 74 755.06 -.06 .25 74 24 36.13 .00 .06 .23 4 78.41 .62 5 77.45
307 82 54 45.72 -.09 .03 83 11 28.03 .19 -.03 .48 4 78.40 31 5 77.50
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KATAJIOI IEKJIMHALMIA 307 CJAJHAX 3BE3JIA (30HA +65° — +90°)

M. Mujarog, b. boxuuxosuii, B. TpajkoBcka

Actponomexa oncepbaropuja, Boaruna 7, 11050 Beorpag, Jyrocnabuja

YK 524.3(083.3) -- 323.2
OpurunanHu HaysrU pag

Har je Karamor pexsymnaumja 307 cjajunx 3Be3na
(oma  +65°  — +90°) sa ecxkBunormmje 195.0 u
2000.0 u enoxe nocMarpama. lexkuHanuje ¢y oppehene
Ha BeptuKamHoM Kpyry ACTPOHOMCKe OricepBaropje y
Beorpany amconymom MetomoM y toky 1976--1980. ro-
nude. Cpe 3Be3fe cy NocmarapHe y ode KyiMUHaLHje.

Cpeniba rpeuika jeHol nocMarparba 3eHUTICKE Jaby-
He je nara m3pasoM e = (0742)2+0723tgz)?, a cpmba

20

Tpellika KalarouKKUX JEK/IMRanHja je €5 = +0°1 13,

Cpemmpa ernoxa nocmarpama je T = 1978.62.

Cpemme cHcTeMalcKe pasiMKe y OfHOCY HAa QyHia-
mentanie karanore FK4 u FKS cy: Karamor - FK4 =
= — (101 n Karanor — FKS =+0"05.

Hare ¢y u cucremarcke pasnuke A, 1 ASg y opHocy
Ha ope katasnore. Koncratosano je ga je cucrem Karanora
Omxu cuctemy FKS.
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OBSER VATIONS OF THE SUN AND INNER PLANETS WITH
THE LARGE MERIDIAN CIRCLE IN' BELGRADE*

S. Sadzakov, M. Dacié, Z. Cvetkovic

Astronomical Observatory, Beograd, Volgina 7, Yugoslavia

(Received: December 6, 1990)

SUMMARY: A ‘description is given of the equipment and the procedure of the obser-
vations, along with the mean (O—C) values of the right ascensions and declinations,
according to the years, and computed corrections of the orbital elements. It is inferred
that the quality of the observations is satisfactory.

1. INTRODUCTION

Visual observations of the Sun, Mercury and Ve-
nus in right ascension and declination, with the Large
Meridian Circle (D=190mm, f=2578mm, R=2°700,
1=20":306) have been carried out at the Belgrade Obser-
vatory ‘since 1975 {with a break in 1976) and Mars
since 1981. The transit times are registered on a Soviet
made printing 21--372P type chronograph, driven by
its own quartz oscillator adjusted to the mean time mea-
suring.

The observations being performed by day light, a
special protection of the instrument against the solar
radiation has been secured. An impregnated linen shi-
eld, whose width corresponds to that of the pavilion’s
opening (2.20m), is fixed along the whole arc of the roof
slit.

The Sun is observed (1975—1984) through the
Sukharev filter, acquired from the Pulkovo Observatory,
while Venus is observed through a black filter. The
Sukharev filter is actually an aluminized plane—para-
llel glass, letting in no more than 0.0001 of the light.
Placing a plate like this before the object glass means
preventing the excessive energy to pass through the
object glass. In this way the conditions under which the

* The pﬁpcr is dedicated to the memory of Dr.Dorde Teleki.
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Sun is observed are approching those prevailing when
the Moon or stars are observed. Investigations have
shown that trembling of the Sun’s limbs is substantially
reduced as compared to that found when the observa-
tions are made through a diaphragm and a solar eye—pi-
ece.

From 1984 we have used a solar glass filter produ-
ced by ,,The Astronomy Shoppe’ whose each side was
ground and hand polished to a surface accuracy of
1/10the wave. '

The ephemeris of the Sun, Mercury, Venus and
Mars were calculated in Pulkovo Observatory according
to a programme provided by M.Chubej and after 1984
we obtain ephemeris from Institute of Theoretical
astronomy, Leningrad.

2. THE OBSERVATIONS

The objects were observed with a hand driven mi-
crometer by the differential method. The choice of
reference stars was made according to the same criterion
as aplied in the formation of the differential catalogues
(Sadzakov, 1972, 1981, 1990). There were no altera-
tions of the observational team, the distribution of ob-
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servations was on the whole even and personal errors
were determined as well. The mean duration of diurnal
observations was four hours. During the summer a small
number of FK4 stars was observed to a magnitude of
1.2 only, while possibilities were greater during the
winter period (3.4 apparent magnitude). Because of this
more Kustner’s series were observed during the summer
period (during the winter period two series correspon-
ding to both positions of the circle were observed).

In observing the declination is derived by S settings
on the upper and as many on the lower limbs of the
celestial bodies concerned. When Mercury and Venus
were placed only the illuminated limbs were observed
for both coordinates. When the Mercury’s image was
of poor quality, it was bisected like those of stars. In

all cases the transits times were deduced from 10 con--; -

tacts.
Before starting the observation of the Sun, the

determination was accomplished of the collimation,

flexure and the temperature read off. Two or three
times a month the mercury horizon was also observed.

3. REDUCTION OF OBSERVATIONS

The right ascension and declination are computed
according to the formula:

L T’ + Rsecd + (u+m) + ntgd

R=c+acosptw/2

5app = M—Mo (CE)
6app = Mo -M (CW)
M=M+mr+AX+p +{sinz,
where:
T’ — time of transit over mean wire,
¢ — collimation,
a — constant of dijurnal aberration,
w - wire width,
M’ — circle reading,
m — reading of the eye--piece micrometer,
AN — correction of the graduated circle,
f - flexure.

In the course of the observations lasting, as already
mentioned, about four hours, the collimation is measu-

+ red in the middle of the series and the flexure before and

after observing the Sun. In the case only one limb of
the disk has been observed a correction for its apparent
semi—diameter has been applied in the reduction, while
a correction for the distortion of the illumination of
the disk in declination has been introduced.

The observed apparent right ascension and decli-
nation of the Sun and the two (three) planets were
compared whith those given by ephemeris by forming
the annual means of the difference (O—C) according to
right ascensions and declinations.

The values obtained are given in Table 1.

Table 1

Mean values of (0-C) (observedi minus calculated) for each year beginning with 1975 until 1989; €, and eg are the
mean square error of obtained values; n, and n, are the number of observations for the detedmination of right ascen
and declination respectively; N; and N, number of FK4 stars; k; and k, are reliability coefficients.

Cbject vear temp. ([}-C)cl sa n1 N1 k1 (D—C)<s 55 nz 2 ¥
Sun —0%076 #0%026 9 97 11 G.02 #0.09 12 137 12
Mercury 1975 +19.0 - ,078  .000 5 S1 10 = .07 .12 S 51 10
Venus - L0228 LOE8 0 10 117 11 05 090 10 117 1%
Sur - .018  .025 19 252 13 .05 .07 30 409 14
Mercury 1977 +15.5 LO53 L0I6 8 115 14 - 02 .12 8 115 14
A . - 025 L0229 23 308 13 .00 . .05 23 302 13
sun L020 LOLS 36 459 13 06 L0580 607 10
Mercury 1978 +20.0 - 053  .044 15 188 13 - .12 .04 15 188 15
Venus - .009 L0133 41 528 1F - .13 .05 41 S28 13
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Table 1. cont.

5 + . - e ; ~ %

Object  year temp (O C)a €, i N1 Ir1 (0 C)é €5 Mg Nz Lz
Sun - 019 010 47 3I03 7 - .09 L0062 296 4
Mercury 1979 +21.2 Q07 019 22 221 1O - .04 L0922 291 10
Venus L0021 010 63 311 8 06 .06 63 511 8
Sun <0OLZ L2012 25 156 S - .10 .07 41 166 4
Mercury 1980 +17.9 021 L Q00 a 19 4 = W13 .13 14 48 =
Venus » 008 L0153 43 207 5 - .14 10 60 291 5
Sun L0011 L0006 Z0 134 8 — .23 .05 446 254 5
Mercury 1981 +19.3 . Q02 021 S 24 & «11 06 S 24 &
Venus - .002 008 26 139 5 04 10 26 139 §
Mars - 005 013 158 150 10 - .04 »1Z 13 132 10

Sun - 004 LOOS B9 495 8 - .02 .04 59 4395 8§
Mercury 1987 +25.8 - LOO3 LO09 20 149 7 L02 .08 20 149 7
Venus L 004 LO07 48 411 9 - .08 .06 48 411 9
Mars - 002 LO07 0 22 150 7 10 LJO9 22 180 F
Sun 0%002 02004 39 08 8  ~0.08 *0.04 3I9 T03 8
Mercury 1987 +19.9 045 L0010 & I8 6 - .04 22 & I8 6
Venus - Q04 LO05 T2 239 7 .06 L08 32 259 7
Mars - .028 Q04 5 45 9 - .09 Wiz 2 45 9
Sun - L0003 004 42 362 9 = 095 L05 45 F6Z2 8
Mercury 1984 +20.0 - 008 L0100 12 150 12 - 01 L0920 13 150 12
Venus - L0009 L0086 =8 3I0 10 .09 .06 40 IO 10
Mars LO03T Q06 39 512 14 06 03 41 512 12
Sun - 001 LO0% 47 133 3 .04 L0850 48 LET7 3
Mercury 1985  +20. 1 - D03 .018 8 28 4 - 19 13 8 28 4
Venus - L0QO3 L0 45 128 X = L 0E L Q6 446 132 =
Mars ~- 004 L0225 4 b 2 .04 .21 4 & 2
Sun 008 L0004 44 124 3 L 00 L0543 120 3
Mercury 1986 +19.9 L0012 007 20 54 3 .03 L0720 54 3
Venus - L0011 L0624 102 3 .20 085 33 98 3
Mars Q00 L0012 12 47 4 04 .08 12 47 4
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Table 1. cont.

Obleot vear  temp. (D—C)a ea n1 N1 k.1 : (D—C)é‘ 55 i nz Nz f’z
Sun L001 006 23 105 5 - .04 .06 23 105 B
MBreRE s ades’ w17, .~ ~OBi 02 .3 17 6 W17 28, % 17 &
Verus L 009 007 .20 92 5 - 02 08 20 92 &
Mars L0399 006 2 11 6 .02 .50 2 11 &
Sty ' L0127 L0088 20 85 4 .07 .09 20 B85 4
Mercury 1955' i Jozd" o255 207% .00 .28°% 5 2073
Venus o L0200 .014 18 75 4 <13 LAE 19 5 4
Mars .028 L0332 & - .35 L0102 &
Sun L004 006 25 70 3 - .02 .05 25 70 .3
Mercliry A% oo L5 L004 HL0 okl BDu3 29 .15 11 .3
Venus OO0 008 19 52 3 - .18 .09 19 52 .3
Mars - 023 011 8 27 3 - .14 .14 8 27 =
Sun 7 02000 #7008 465 3105 7 -0.04 *0,05 543 IS55L 7
Mercury 1978- o & - = »002 LO0lé 145 1106 8 - .01 © .10 155 1205 8
Venus -1989 : L0001 013 460 3299 7 .00 .07 480 3377 7
Mars - 002 L009 109 959 9 .02 L10 111 961 9

" Table 2

The corrections of the orbital elements of the Sun and the errors (0) of their determination, based on the observation

in the period 1975—1989.

05001 0.01

AN o Az o eAn o Oljyi- 408 Aéo o AL .0 ALO o a; n'
1975  32+54 B2+216 - 10*26 88 9 111 - 7%16  -42#%35 *33 12
1977 98 I7 -3I34 269 -144 53 90 19 R Y 19 17 12 24 38 30
1978 =16 19 = 60 152 8 4% BB X4 - b e 18 14 17 34 S0
1979 10 11 124 80 - 10 9 &9 47 & &5 -13 8 7 17 39 62
1980 -13 11 27 75 -21 9 25 8 8 -5 12 16 28 48 41
1994 1 26 39 3.5 3830 25 & 11 10 IO 17 T6 46
1982 S 4 - 11 24 1 3 27 59 1 4 -2 & -15% 14 IO 59
1983 -7 4 -48 22 - 8 I 21 I9 i1 4 11 7 18 12 22 39
1984 © 4 39 31 - 4 4 24 42 8 6 & 8 -11 17 31 45
1985 - 1 6 b 41 - I 5% I5 47 -4 7 -5 8 -18 22 IT 48
1986 - 3 36 24 1+ 3 2844 -2 & -12 9 18 18 35 43
1987 - 6 10 60 65 209 27 2B 1.7 b6 14 14 24 29 23
1988 - 2 13 44 49 408  35°905. -1015 - 1 27 28 40 41 20
1989 4 7 - 11 47 137 &6 30 2B 27 0 14 S 17 27 25
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0 ? [BINRE ) Q) ’.. Ol
AAOAedeArrao'on AS o As o A o o_ N
(=]

1975-1989 -2 *3 28 *16 ~ I 2 %51 447 3 &2 -1 E2 7 &5 25 550
a, b, €, ¢, M — the right ascension and the declination of have been made (these values are actually the correc-
the Sun, obliquity of the ecliptic, eccentricity of the tions to the right ascensions and the declinations of the
Earth’s orbit and mean anomaly of the Earth, respecti- stars);

vely; ALy, Am, Ae — the correction to the mean longitude of
AA, Ad, - constant corrections to the 7y point and the Sun for the initial epoch, the correction to the lon-
equator of the system within which the observations gitude of the perigee and the obliquity of the ecliptic.

Table 3

The corrections AA and Ad, of the Mercury and the errors (0) of their determination,
based on the observation in the period 1975-1989.

C)?OC) 1 O.01

year Y, © =, @ o, n M, @ Y, © z, @ o n
1975 5 5
1977 8 8
1978 —~47 *35 53253 G477 116 15 —1 1% 2 2817 7*14 *Z8 15
1979  -25 27 -~36 Z6 41 27 BO 21 - 5 20 027 - 7 20 40 22
1980 ' o ~21 27  1I 29 8 3T =5 14
1981 C 4 5
1982 - 218 =12 16 -~ 4 18 4% 20 -7 11 - 9 15 17 16 29 20
17893 17 17 —-4% T 1% 13 21 & . 5
1984 - 4 10 -328 18 3 12 312 -7 7 17 12 -8 8 22 1=
1985 - 2 16 2 28 47 17 & 3 -27 18 =12 31 2% 19 41 8
1984 ? 14 -Z0 11 018 29 20 18 16 1% 14 =26 21 36 20
1937 = =
1983 ] : S
19597 -18 16 =31 14 23 vi‘? 29 11 P g o 12 24 - 3 40 61 11
75-89 -14 & —17 8 2% 7 62 146 0 4 -4 & 4 S 47 158

Since the results of our observations were regularly and expressions ‘
treated during a year the formulae. proposed by New- AN=x; +y cos(1--L) +z; sin(1--L)
comb (Nemiro, 1963) are used for the calculation of AB=x, +y,cos (1--L) + zsin (1-L1)
the corrections of the orbital elements of the Sun for the colculation of the corrections of the orbital

Aa=— AA - cosa tgd Ae — 2cose sec?§ cosM eAr elements of Mercury and Venus (McClenahan, 1952).
A6 = —-Ab, + sina Ae + sine cosa(1+2e cosM) AL,
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Table 4
The corrections AA and A8, of the Venus and the errors (0) of their determination,
based on the observation in the period 1975-1989.

62001

"
.01

year x‘ o y1 o :'-.1 o a° n X, o yz o :z o ao n

1975  -S50%69  41+54 —-145#82 87 10 25%37 -14%34  37+34 47 10
1977 =29 31 53,38 G 5% o 92 23 -21 21 -10 26 S 36 &3 23
1978 -28 26 -13 18 - 34 37 76 41 217 -5 12 17 24 =0 41
1979 8 19 ~11 2& 22 17 70 40 -26 14 -53 19 8 13 S2 &3
1980 22 - 438 40 22 683 21 023 -8 31 -9 17 65 36
1981 12 29 10 20 6 35 46 24 90 37 -12 2 100 43 S1 26
1982 114 -1 10 9 18 46 48 -22 14 11 11 2% 18 48 43
1983 -12 14 16 16 4 13 .31 32 5 20 11 23 8 19 44 32
1984  -15 15 -23 19 17 11 34 38 17 20 9 2% 15 15 46 39
1985 -12 14 9 8 12 18 32 45 I 18 1% 11 -12 22 41 46
1984 012 -9 8 317 34 34 9 12 2 9 -12 18 & 33
1987 16 23 432 -19 17 33 20 Z8 24 s2 33 -11 18 35 20
1988 89 55 -69 77 42 31 57 18 -96 52 164 73 -47 29 54 18
1989 ~71 83 -71 86 -40 42 3I9 19 &8 B8 91 92 20 45 42 19
75-89 T '3 1" 7 4 56 438 " -9 F -3 I 50 8459

1 — heliocentric longitude of the planet;
L — heliocentric longitude of the Earth;
X; — a constant term, with an apposite sign, it re-

4. CONCLUSION

From the data of Tables 2, 3 and 4 it is evident
that the values of the correction obtained coincide one
with another within the limite of the errors in position
determinations. Determination errors are approximately

equal for the Sun and Venus than for the Mercury. The
latter fact -can be explained by the unequal number of

observations and also by the existence of a dependence
on accuracy in the determination of zero point correc-
tions to the mean distances to the planets.
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presents the correction AA to the v point;
X, — constant term representing, with an oppo-
site sign, the correction to the equator (Ad,).
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NMOCMATPAIbA CYHLA U YHYTPALIIBUX TUTAHETA CA BEJIMKWUM MEPUITMJAHCKUM
KPYTOMY BEOTPAITY
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[lar je omuc ompeme M IOCTyNKa IOCMaTpara, 3a- paBKaMa TyTarbCKUX efleMeHata. 3aksbydyje ce [a je KBa-
jemHo ca cpembum BpemHocruma (O—-C) 3a pekTacueHsujy JIMTET [10CMATPatba 3a0BOJbaBajyhu.
i [IeK/IMHALM]y, NIpeMa TOfMHAMa M ca M3payyHaTMM MOo-
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Observatoire de Paris—Meudon, 92190 Meudon, France

(Received: September 10, 1990)

SUMMARY: Using a semiclassical approach, we have calculated electron —, proton—,
and ionized helium — impact line widths and shifts for 54 neutral lithium multiplets.
Calculations have been performed as a function of temperature (T=2,500 — 40,000K)

and perturber densities (10'% —

10'®cm ). The results have been used to investigate

Stark—broadening parameter regularities within spectral series.

1. INTRODUCTION

Stark broadening data for neutral lithium lines
are significant in astrophysics for several problems.
The surface content of Li provide information on the
internal structure of a star, nucleogenesis and mixing
between atmosphera and interior (Boesgaard, 1988). Mo-
reover, since the light elements like Li enter in nuclear
reactions in stellar interiors where they are readily de-
stroyed, the study of Li abundances (where Stark bro-
adening data are needed) is therefore of interest for
stellar evolution study (Boesgaard, 1988), and particu-
larly for the deep Li depletions in the mid—F stars first
shown by Boesgaard and Tripico (1986) in the Hyades.
1t 1s well known also that some carbon stars like WZ Cas,
or WX Cyg have an extremely strong Li I feature (Boes-
gaard, 1988). Profiles of Stark broadened Li I lines may
be also useful for the determination of electron con-
centration of laboratory plasma. An interesting example
is high--density plasma produced by exploding lithium
wires (Ya’akobi, 1968).

Using a semiclassical — perturbational approach
(Sahal-Bréchot, 1969 a,b) we have calculated recently
(Dimitrijevi¢ and Sahal-Bréchot, 1991) electron—,
proton—, and ionized —helium—impact broadening
parameters for all important Li I multiplets at pertur-
ber density 10'? cm™. For higher densities the depar-
ture from the linear density law due to Debye screening
influences on the accuracy of the method (this is especi-
ally serious in the case of the shift) making that extra-
polation to higher densities is sometimes difficult and
inaccurate.

In order to enable such extrapolation we have
calculated here Stark broadening data for 54 Lj I multi-
plets for perturber densities 10'*—~10'® cm™ . The ob-
tained comprehensive set of results has been used to
investigate Stark broadening parameter regularities.
Also, the obtained data have been compared with the
semiclassical results of Benett and Griem (1971) (see
also Griem, 1974).

* Dedicated to the memory of D1.G. Teleki, President of the IAU Working group for Astronomical refraction and to the memory of

D1.P. Charvin, President of the Paris Observatory, who both encouraged the connections between physics and astronomy.
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- 2. THEORY

The semiclassical perturbational formalism is
described in Sahal — Bréchot (1969a, b), and only a
few details are given here. For the impact approximati-
on, the full halfwidth 2w and shift d of an electron—im-
pact broadened line may be expressed as (Sahal—Bréc-
hot, 1969a, b)

2w =N, ({v f(v) dvi‘[;tEi Gii’(‘v)+f-’§fof‘f (v) + oel(v)],

o0 RD (1)
=Ne fyvf(v)dv | 2np dpsin2¢._.
3 R p

Here, N, is the electron density and f(v) the Maxwellian
velocity distribution function for electrons, p denotes
the impact parameter of the incoming electron, i and f
denote, respectively, the initial and final atomic energy
levels, and i, f* are their perturbing levels. The inela-
stic cross section 0j-(v) may be obtained from an in-
tegration over the impact parameter of the transition
probability Py (p,v) (see e.g. Dimitrijevié and Sahal—
--Bréchot, 1985). The elastic cross section is obtained
from the integration over the impact parameter of the
phase shifts ¢, and ¢ due respectively, to the polariza-
tion potentiaf (r*) and to the quadrupolar potential
(r*) parts. They are given in § of Sec. 3 in Sahal—Bré-
chot (1969a). ;

If we want to make certain that a line is isolated,
we can use the parameter ¢ defined in Dimitrijevi¢ and
Sahal--Bréchot (1984) and given in Table 1. For an
¢lectron concentration lower than

N, (em™) = ¢/2w(A)

where 2w is the full halfwidth at half maximum, given in
table 1, the line may be treated as isolated in the core,
even if a weak forbidden component due to failure of
this approximation remain in the wing.

The formulae for the proton—impact (or He II —
impact) widths and shifts are analogous, but inealstic
collisions are negligible.

3. RESULTS AND DISCUSSION

Energy levels for Li I lines have been taken from
Bashkin and Stoner (1975). Oscillator strengths have
been calculated using the method of Bates and Dam-
gaard (1949) and tables of Oertel and Shomo (1968).
For higher levels, the method described by Van Rege-
morter et al. (1979) has been used.

In addition to the electron—impact full halfwid-
ths and shifts, Stark broadening parameters due to pro-
ton--, and ionized helium—impact have been calculated.
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In such a way we provide Stark broadening data for all
important charged perturbers in stellar plasma. Our
results are shown in Table 1 for a perturber densities
10'*—10'® ¢cm™ and temperatures of T = 2,500; 5,000;
10,000; 20,000; 30,000 and 40,000 K. We also specify a
parameter ¢ (Dimitrijevi¢ and Sahal-Bréchot, 1984)
which gives an estimate for the maximum perturber
density for which the line may be treated as isolated
when it is divided by 2W.

For each value given in Table 1, the collision
volume (V) multiplied by the perturber density (N)
is much less than one and the impact approximation is
valid (Sahal--Bréchot, 1969ab). Values for NV > 0.5
are not give in Table 1; values for 0.1 H NV H 0.5 are
denoted by an asterisk. When the impact appr
are not give in Table 1; values for 0.1 <NV < 0.5 are
denoted by an asterisk. When the impact approximation
is not valid, the ion broadening contribution may be
estimated by using quasistatic formulae (cf. Sahal—Bré-
chot (1991).

The comparison of present results with available
experimental data is given in Dimitrijevi¢ and Sahal—
—Bréchot (1991). In Table 2 our results are compared
with the corresponding semiclassical calculations of
Benett and Griem (1971) (see also Griem, 1974). We
can see that in general, our results for the width are
smaller than -the results of Benett and Griem, due to
different cut—offs, symmetrization procedure and di-
fferent methods to take into account the elastic contri-
bution. The large difference exists in the case of 2s—2p
line shift. For this resonance line the accuracy of the
semiclassical method is lower due to larger influence of
short range effects. The experimental results of Puric¢ et

Table 2
The comparison of present results for width (FWHM)
(Wpsp) and shift (dpgp) given in A, with the correspon-
ding results Wy, dp(; of Benett and Griem (1971, and
Griem, 1974). Plasma conditions are N = 10*® ¢cm™ and
T =10,000 K.

Mult.  Wpgg  Wag dps dgG
2s—2p 0.025 0.028 -0.0076 -0.0044
2s-3p 0.14 0.18 0.057 0.056
%-4p 044 057 0.16 0.17
2p-3s 029 035 0.22 0.20
2p—4s 0.46 0.57 0.35 0.31
2p—5s 095 13 0.69 0.64
2p—3d 0.38 043 —0.052 -0.070
p-4d 181 30 ~0.15 0.64
2p-5d 40 8.2 ~0.24 0.30
3s-3p 1. 13. 14 2.1
3-4p 70 8.9 1.8 24
3p-ds 17, 18. 5.8 4.4
3p-5s 11. 13. 6.3 5.7
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Table 1
This table gives electron—, proton—, and ionized-helium— impact broadening parameters for Li I lines, for pertur—
ber densities of 10"*~10'"® cm™ and temperatures from 2,500 to 40,000 K. Transitions and averaged wavelengths
for the multiplet (in A) are also given. By dividing ¢ and 2W, we obtain an estimate for the maximum perturber den-
sity for which the line may be treated as isolated and tabulated data may be used. The asterisk identifies cases for
which the collision volume multiplied by the perturber density (the condition for validity of the impact approximation)
lies between 0.1 and 0.5.

PERTURBER DENSITY=.0.1D+15

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
28 - 2P 2500. 0.230E-03-0.588E-04 0.113E~-03-0.165E-04 0.113E-03-0.138E-04
6709.6 A 5000. 0.234E~-03-0.691E-04 0.113E-03-0.185E-04 0.113E-03-0.155E-04
C= 0.55D+20 10000. 0.254E-03-0.755E-04 0.113E-03-0.208E-~04 0.113E-03-0.174E-04

20000, 0.319E-03~0.745E-04 0.113E-03~0.233E~-04 0.113E-03-0.195E~04

30000. 0.378E-03-0.646E-04 0.113E-03-0.249E-04 0,113E-03-0.209E-04

40000. 0.428E-03-0.581E-04 0.113E-03-0.262E-04 0.113E-03-0.219E-04
28 --3P 2500, 0.122E-02 0.857E-03 0.323E-03 0.267E-03 0.282E-03 0.223E-03
3233.6 A 5000. 0.130E-02 0.740E-03 0.356E-03 0.303E-03 0.308E-03 0.253E-03

C= 0.37D+18 10000. 0.140E-02 0.586E-03 0.392E-03 0.342E-03 0.338E-03 0.286E-03

20000. 0.,142E-02 0.449E-03 0.435E-03 0.385E~-03 0.372E-03 0.323E-03

30000. 0.142E-02 0.360E-03 0.463E-03 0.413E-03 0.395E-03 0.346E-03

40000. 0.141E-02 0.299E-03 0.484E-03 0.433E-03 0.412E-03 0.363E-03
25 - 4P 2500. 0.399E-02 0.265E~02 0.101E-02 0.850E-03 0.870E-03 0.704E-03
2742.0 A 5000. 0.420E-02 0.217E-02 0.112E-02 0.975E-03 0.960E-03 0.811E-03

C= 0.12D+18 10000. 0.444E-02 0.171E-02 0.125E-02 0.111E-02 0.106E-02 0.325E-03

20000. 0.441E-02 0.122E-02 0.139E-02 0.126E-02 0.118E-02 0.105E-02

30000. 0.435E-02 0.937E-03 0.149E-02 0.135E-02 0.126E-02 0.113E-02

40000. 0.429E-02 0.747E-03 0.156E-02 0.142E-02 0.131E-02 0.119E-02
25 - 5P 2500. 0.103E-01 0.650E-02 0.262E-02 0.215E-02 0.224E-02*0.176E~-02*
2563.1 A 5000. 0.109E-01 0.496E-02 0.292E-02 0.250E-02 0.248E-02*0.207E-02*

€= 0.52D+17 10000. 0.114E-01 0.399E-02 0.326E-02 0.288E-02 0.276E~02 0.239E-02

20000. 0.111E-01 0.252E-02 0.365E-02 0.328E-02 0.308E-02 0.274E-02

30000. 0.109E-01 0.184E-02 0.390E-02 0.353E-02 0.328E-02 0.295E-02

40000. 0.107E-01 0.139E-02 0.410E-02 0.372E-02 0.344E-02 0.311E-02
25 -~ 6P 2500. 0.225E-01 0.120E-01 0.582E-02*0.452E-02%*

2475.8 A 5000. 0.242E-01 0.970E-02 0.650E-02*0.541E-02*0.550E-02*0.444E~-02*
C= 0.28D+17 10000, 0.248E-01 0.685E-02 0.726E-02*0.631E~02*0.613E-02*0.523E-02*

20000. 0.240E-01 0.430E-02 0.814E-02*0.725E-02%0.685E-02*0.603E-02*

30000. 0.235E-01 0.309E-02 0.871E-02 0.783E-02 0.731E-02*0.653E-02*

40000. 0.229E-01 0.238E-02 0.916E-02 0.826E-02 0.766E-02*0.689E-02*
28 - 7P 2500. 0.447E~01 0.234E-01
2426.2 A 5000. 0.479E-01 0.184E~-01

C= 0.17D+17 10000. 0.482E-01 0.128E-01

20000. 0.467E-01 0.654E-02 0.164E-01*%0.144E-01%*

30000. 0.454E-01 0.464E-02 0.175E-01*0.156E-01~*

40000. 0.441E-01 0.280E~02 0.185E-01*0.165E-01*0.154E-01*0,137E-0Q1*
2p - 38 2500. 0.222E-02 0.165E-02 0.521E-03 0.468E~-03 0.444E-03 0.391E-03
8128.7 A 5000. 0.261E-02 0.197E-02 0.5B0E~03 0.527E-03 0.492E-03 0.441E-03

C= 0.25D+20 10000. 0.293E-02 0.220E-02 0.646E-03 0.593E-03 0.548E-03 0.497E-03

20000. 0.312E-02 0.224E-02 0.722E-03 0.667E-03 0.610E-03 0.559E-03

30000. 0.329E-02 0.225E-02 0.770E-03 0.714E-03 0.650E-03 0.598E-03

40000. 0.334E-02 0.206E-02 0.807E-03 0.750E-03 0.681E-03 0.628E-03
2p - 48 2500. 0.355E-02 0.268E-02 0.803E~03 0.737E-03 0.673E-03 0.614E-03
4973.1 A 5000. 0.418E-02 0.317E-02 0.901E-03 0.837E-03 0.756E-03 0.699E-03

C= 0.36D+19 10000. 0.455E-02 0.356E-02 0.101E-02 0.946E-03 0.848E~03 0.792E-03

20000. 0.475E-02 0.351E-02 0.113E-02 0.107E-02 0.951E-03 0.892E-03

30000. 0.482E-02 0.323E~02 0.121E-02 0.114E-02 0.102E-02 0.956E-03

40000. 0.493E-02 0.299E-02 0.127E-02 0.120E-02 0.107E-02 0.100E-02
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PERTURBER DENSITY= 0.1D+15

TRANSITION

2p - 58
4274.3 A
C= 0.13D+19

2P - 68
3986.7 A
C= 0.64D+18

2p - 7S
3836.7 A
C= 0.37D+18

2P - 8S
3747.7 A
C= 0.23D+18

2P - 3D
6105.3 A
C= 0.13D+19

2P ~ 4D
4604.2 a
C= 0.14D+17

2P - 5D
4133.8 A
C= 0.16D+17

2P - 6D
3916.5 A
C= 0.24D+16

T(K)

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000,
40000.

2500.
5000.
10000.
20000,
30000.
40000.

2500.
5000.
10000,
20000.
30000.
40000,

2500.
- 5000.
10000.
20000.
30000.
40000.

2500.

5000.
10000.
20000.
30000.
40000.

2500.

5000.
10000.
20000.
30000.
40000.

ELECTRONS
WIDTH(A)

.796E-02 0.
.905E-02 0.
.947E-02 0.
.992E-02 0.
.102E-01 O©.
.107E-01 O.

ODOQOOC

.172E~01 0.
.191E-01 0.
.209E~-01 0.
.202E-01 0.
.215E-01 0.
.225E-01 0.

OO OOOO

.328E-01 O©.
.350E-01 O.
.379E-~01 O©.
.395e-01 0.
.418E~-01 0.
.437E-01 O.

oo ooOoo

.633E-01 0.
.654E-01 0.
.652E-01 Q0.
.707E-01 ©O.
.778E-01 0.
.798E~01 0.

.339E-02-0.
.368E-02-0.
.375E-02-0.
.365E~-02-0.
.359E-02 0.
.354E-02 0.

OO OOO OO OCOO

.298E-01 0.
.272E-01~0.
.242E-01-0.
.210E-01-0.
.193E-01-0.
.181E-01-0.

QCQOOOOO

.623E-01 0.
.601E-01 0.
.553E~01 0.
.491E-01-0.
.453E-01-0.
.426E-01 0.

OCOOOO0O

.160
.148
.132
» 114
.104
.969E-01-0.

-0.
-0.
-0.
-0.

[N eRoNeRoeNw]

-0.

SHIFT{A)

588E-02
684E-02
718E-02
683E-02
582E-02
540E-02

125E-01
146E-01
145E-01
120E-01
100E-01
848E-02

239E-01
268E-01
265E-01
19%E-01
161E-01
127E-01

440E~01
466E~01
437E-01
307E~-01
248E-01
198E-01

149E-02
988E-03
552E-03
163E-03
118E-04
673E-04

375E-05
114E-03
360E-03
447E-03
227E-03
117E~03

354E-02
208E-02
753E-03
156E-03
726E-03
S556E-03

988E-02
721E-02
516E-02
226E~02
107E-02
219E-03

PROTONS
WIDTH(A)

.174E-02
.195E~02
.219E-02
.246E-02
.263E-02
.276E=02

OCOOOOO
QOO O

.362E-02
.406E-02
.456E~02
.512E-02
.548E-02
,574E-02

OQOQOOOQOOO

.694E-02%0.
.780E-02
.875E~02
.983E-02
.105E-01
.110E-01

[N oReNo o] OOoCQOOOO

eNoNoRo)]

.125E-01*0
.140E~-01*0
L157E-01+Q.
.176E-01*0.
.189E-01 O.
.198E-01 0.

QOO OCQO

.741E-03-0.
.819E-03-0
.909E-03-0
.101E-02-0.
.108E-02~0
.113E-02-0.

OO0 OoOO0O

.138E-01%0
.159E-01*0.
.182E-01%0.
.197E-01 0
.185g-01 0.
.178E-01 O.

OO O0O

.198E-01*0
.224E~-01*0,
.257E~-01%0.
.296E-01*0.
.317E~-01%0.
.354E~-01*0.

OQOOOOO

SHIFT(A)

0.157E-02
.179E-02
.203E~02
.230E-02
.247E-02
.259E-02

.317E-02
.366E-02
.419E-02
.475E-02
.511E~-02
.538E~02

.720E-03
.811E-03

.978E~03

IONIZED HELIUM

QOQOOQO

OO OOO

586E~02*0.
0.688E~02
.793E-02
.905E-02
.975E-02
.103E-01

OOOO

.100E-01%*
.120E-01%0

161E~01*%0
174E-01
183E-01

635E-03

913E-03

oo CoO0 (=R o)

103E-02

.112E-01*0

158E-01*0

.192E-01 ©
206E-01 O.
223E-01 0.

.154E-01~*

186E-~0Q1*
219E-01+*Q
256E-01*0

315E-01%0

WIDTH(A)

.146E-02
.163E-C2
.184E-02
.206E-02
.220E-02
.231E-02

.303E-02
.340E-02
.382E-02
.429E-02
.459E-02
.481E-02

OO OOOO

OO OOO

S82E-02+*0.
0.653E~02*0.
.733E-02*0.
.823E-02 0.
.881E~-02 O
.925E-02 0.

)1%0.117E-01*0
140E-01%0.

132E-01+0

.148E-01*0
.158E~01%0
.166E-01*0.

.640E-03-0.
.704E-03-0
.776E~-03-0.
.860E-03~0.
.914E~03-0.
.956E~03-0

.114E-01%0.
133E-01%0.

129E-01*0

.210E-01%0.
.239E~-01*0.
284E-01%0.

259E-01*0

SHIFT(A)

.130E-02
.149E~02
.170E-02
.192E-02
.207E-02
.217E-02

.261E-02
.304E-02
.349E-02
.397E-02
.427E-02
.450E-02

480E-02+*
568E~-02*
659E-02*
754E~-02

.814E-02

857E~02

.986E-02*
.116E-01*
.134E-01~*
.145E-01*

153E-01%*
530E~03

.601E-03

679E~03
764E~-03
819E-03

.860E~03

914E-02%*

.109E-01%*
.148E-01%0.
.170E-01%0.
183E-01%0.
191E-01 0.

128E-01*
148E~-01*
163E-01+*
175E-01

181E-01*
209E-01~

L227E-01!*
.275E~-01*0.

242E~01*
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PERTURBER DENSITY= 0.1D+15
: ELECTRONS
WIDTH(A)

TRANSITION

2P - 7D
3796.1 A
C= 0.17D+16

+ 35 = 3P
26887.1 A
C= 0.26D+20

35 - 4P
©10795.1 A
‘C= 0.18D+19

3s = 5p
8467.8 A
C= 0.57D+18

38 - 6P
7584.5 A
C= 0.27D+18

38 - 7P
7137.1 A
C= 0.15D+18

3P - 48
24469.7 A
C= 0.21D+20

3P - 58
£3560.9 A
C= 0.66D+19

T(K)

-2500.
5000.
10000.

'20000.

30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.

5000,
10000."
20000.
30000.
40000.

2500.

5000.
10000,
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

[ ReoNoNe Nl o]

loNoRe oo o]

COoOOOOO OO0 OO [>NeojlefoNo o] (o R KollaleR o] OO0 oo ooo

.276
.261
235
205
.188
+1785

.811E-01
.981E-01
112
.119
372
;123

Y

614E-01
654E-01

.704E-01
.708E-01
.706E-01
.701E-01

«112
.119
« 125
.123
12K
.119

.

2Lk%

«22%
. 233
.227
.222
« 217

.387
.415
.418
.405
.394
.384

.109
«143
.166
.181
.186
.190

.872E-01
.103
<112
.120
.124
.129

SHIFT(A)

-0
-0
-0
-0
-0
~0

.222E-01
.168E-01
.900E-02
.408E-02
.211E~02
.167E-02

0.422E-01
0.273E-01
0.137E-01
0.320E-02
-0.751E-03
-0.200E-02

0.398E-01
0.298E-01
0.197E-01
0.133E-01
0.725E-02
0.533E-02

0.703E-01
0.536E-01
0.360E-01
0.224E-01
0.956E-02
0.830E-02

0.123

0.952E-01
0.697E-01
0.384E-01
0.280E-01
0.124E-01

0.203
0.160
0.110
0.621E-01
0.435E-01
0.262E-01

0.298E-01
0.449E-01
0.585E-01
0.640E-01
0.599E-01
0.555E-01

0.537E-01
0.644E-01
0.655E-01
0.623E-01
0.550E-01
0.490E-01

PROTONS
WIDTH(A)

0.207E-01
0.226E-01
0.249E-01
0.275E-01
0.292E-01
0.306E-01

0.156E-01
0.173E-01
0.192E-01
0.214E-01
0.228E-01
0.240E-01

0.286E-01
0.318E-01
0.355E-01
0.397E-01
0.425E-01
0.446E-01

0.546E~-01*0.424E-01*

SHIFT(A)

0.167E-01
0.189E-01
0.214E-01
0.241E-01
0.258E-01
0.271E-01

0.130E-01
0.150E~01
0.170E-01
0.193E-01
0.207e-01
0.218E-01

0.234E-01
0.273e-01
0.314E-01
0.357E-01
0.385E-01
0.405E-01

IONIZED HELIUM

WIDTH(A)

0.182E-01

0.197E-01-

0.215e-01
0.236E-01
0.250E-01
0.261E-01

0.134E-01
0.148E-01
0.163E-01
0.181E-01
0.193E-01
0.202e-01

SHIFT(A)

0.1398-01
0.158E-01
0.179E-01
0.201E-01
0.216E-01
0.227E-01

0.108E-01
0.125E-01
0.142E-01
0.161E-01
0.173E-01
0.182E-01

0.244E-01*0.192E~01*
0.271E-01*0.226E-01*

0.301E-01
0.335e-01
0.357E-01
0.374E-01

0.261E-01
0.298E-01
0.321E-01
0.338E-01

0.610E-01*0.508E-01*0.516E-01*0,417E-01*
0.681E~01*0.592E-01*0.575E-01*0.490E-01*
0.763E-01*0.681E-01*%0.642E-01*0.566E~01*
0.817E-01 0.737E-01 0.686E-01*0.612E-01*
0.860E-01 0.775E-01 0.718E-01*0.646E-01*

0.142+
0.152*
0.160%*

0.109E-01
0.114E-01
0.120E-01
0.126E-01
0.130E-01
0.131E-01

0.158E-01
0.177E-01
0.198E-01
0.222E-01
0.238E~01
0.249E-01

0.124%
0.135%*
0.142%

0.635E-02
0.718E-02
0.808E-02
0.910E-02
0.981E-02
0.103eE-01

0.141E-01
0.161E-01
0.183E-01
0.207E-01
0.222E-01
0.233E-01

0.133*

0.104E-01
0.107E-01
0.111E-01
0.117e-01
0.120E-01
0.123E-01

0.133E-01

0.149E-01

0.167E-01
0.187E-01
0.200E-01
0.209E-01

0. 119

0.530E-02
0.601E-02
0.677E-02
0.762E-02
0.816E-02
0.857E-02

0.117E-01
0.134E-01
0.153E-01
0.173E-01
0.186E-01
0.195E-01

33




34

M.S. Dimitrijevi¢, S. Sahal-Bréchot

PERTURBER DENSITY= 0.1D+15

TRANSITION

3P - 6S
11034.8 A
C= 0.44D+19

3p = 178
9957 .17 A
C= 0.25D+19

3P - 8S
9379.3 A
C= 0.14D+19

3P - 3D
279548.3 A
C= 0.28D+22

3P - 4D
17550.0 A
C=.0.21D+18

3P - 5D
12240.6 A
C= 0.14D+18

3P - 6D
10513.1 A
C= 0.17D+17

3r - 7D
9688.9 A
C= 0.11D+17

T(K)

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.

5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

ELECTRONS
WIDTH(A)

135
151
.160
.168
.178
.187

OOOOOO

.225
.242
.263
.273
.293
.306

QOO0 QO

372
.392
.415

OO0 OO

SHIFT(A)

.943E-01
.108
.103
.887E-01
.732E-01
.629E-01

.160
<119
172
.121
.978E-01
.866E-01

QOO0 O OOOOOO

0.276
0.291
0.260
0.166
0:.137
0.123

.97
.09
.07
.70
.64
+ 13

.218E-01
.239E-01
.263E-01
.154E-01
.104E-01
.729E-02

0.220E-01
0.246E-02
0.128E-02
.473E-02
.166E-03
0.198E-02

.784E-01
.602E-01
.427E-01
.178E-01
.712E-02
.837E-02

.146
.110
.724E-01
.291E-01
.135e-01
.595E~02

PROTONS
WIDTH(A) SH
0.270E-01
0.302E-01
.339E-01
.381E-01
.408E-01
.428E-01

(o N RwRe]
[eNeloRoNoRe

.463E-01*0.
.520E-01
.584E-01
.656E-01
.702E-01
.737E-01

QCQOOOQOOC
QOO0

.778E~01*0
.873E~01*0
.980E-01+*0
.110%* 0
.118
.124 0

COOOQO

.01
.36
.74
.18
.47
.69

P S N S R WV VN

.200%
.230%*
.263%
.282
.266
.252

COOQOOO0

L173%
.196%*
. 225%
.259%*
277*
.309*

OO OOOO OO OoOOC

QOO OO

IONIZED HELIUM

IFT(A) WIDTH(A) SH
.236E-01 0.226E-01 O
.273E-01 0.254E-01 0
.312E-01 0.285E-01 0
.354E-01 0.319E-01 O
.381E-01 0.342E-01 O
.401E-01 0.359E-01 0
391E-01*0,388E-01*0.
.459E-01 0.436E-01*0.
.529E-01 0.489E-01*0.
.604E-01 0.549E-01 0.
.651E-01 0.588E-01 Q.
.685E~-01 0.617E-01 0.
.627E-01*
.750E-01*0.732E-01*0
.873E-01*%0.821E-01*0
.100* 0.922E-01*Q
.108 0.987E-01*0
.114 0.104x* 0
.65 2.57 -2.
.01 2.85 ~2.
.41 3.17 -2.
.84 3.53 -3
=12 3.77 -3.
.32 3.94 ~-3.
L162%* 0.165* 0.
192~ 0.187% 0.
227 0.213%* 0.
.278 0.246%* 0.
.297 0.266* 0.
.321 0.275 0.
.135% -
.163%
.189% 0.183* 0
.224%* 0.209%* 0
.248%* 0.227* 0
276% 0.241x* 0

IFT(A)

.195E-01
.226E-01
.260E-01
.295E-01
.318E-01
.335E-01

320E-01%*
379E-01*
440E-CL~*
503E-01
543E-01
572E-01

.616E-01*
.723E-01%*
.835E-01~*
.903E-01*
.953E-01+*

.158~*
.183=*
.199+
L212%



BROADENING OF LI(I) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+15
ELECTRONS
WIDTH(A)

TRANSITION

3D - 4P
19281.0 A
C= 0.57D+19

3D - 5P
12932.5 A
C= 0.13D+19

3D - 6P
10979.7 A
C= 0.56D+18

3D - 7P
10066.2 A
C= 0.30D+18

45 - 4P
68611.1 A
C= 0.72D+20

4s - 5p
24978.1 A
C= 0.50D+19

45 - 6P
18591.6 A
C= 0.16D+19

4s - 7P
16115.3 A
C= 0.76D+18

T T(K)

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

COOOOCO QOO0
P A ) « e ey

OO o OCOO0OO0O0OO
. 0 P S T

N NN N S N o e
v o & 5 O T T

.228
.237

SHIFT(A)

-138
.116
.864E-01
.571E-01
.438E-01
.278E-01

[oRw oo No Ne)

171
.132
.977E-01
.589E-01
.449E-01
.331E-01

.262
.198
+152
.840E-01
.625E-01
.487E-01

QOO OO0O OCOOOCOO

.406
.318
.226
s 123
.928E-01
.686E~01

[N eNoNoRoNol

1.15
0.646
0.360

~0.241E-01
-0.119
-0.192

0.526
0.366
0.255
0.100
0.448E-01
0.159E-01

0.667
0.324
0.311
0.972E-01
0.679E-01
0.465E-01

0.991
0.728
0.447
0.134
0.104
0.854E-01

PROTONS
WIDTH(A)

OO OoOOCOO OCOOOOOO

QOO0

[ ReNoNoNe N QOO OOO OO O

QOO OOOO

OOO

.511E-01
.569E-01
.634E-01
.708E-01
.757E-01
.794E-01

.670E-01
.747E-01
.833E-01
.933E-01
.998E-01
.105

.115%
.128+%
.143%
.160%*
.171
.180

.282%
.302%*
.318%*

.585
.647
.719
.801
.855
.896

.245
.273
.305
.341
.365
+383

.327%
.365%
.408%*
.457*
.489
<515

.721%
.773%
.813%*

SHIFT(A)

QOO OOO [>ReloNeNoNel COO0OO0OO0OO

QOO OOO OOOQOoOO0O [wNeNo)

OCOOOOO

O OO

.435E-01
.499E-01
.568E-01
.644E-01
.691E-01
.726E-01

.550E-01
.642E-01
.738E-01
.841E-01
.905E-01
.954E-01

.891E-01*
L107*
.124%
.143*
.154

.163

L247%*
.268%*
.283%

.486
+557
.634
.718
771
.809

.201
.234
.269
.307
.330
.347

.254%
.304*
.354%*
. 407
.440
.464

.633*
.686%
.725%

IONIZED HELIUM

WIDTH(A) SHIFT(A)
0.437E-01 0.360E-01
0.484E-01 0.415E-01
0.538E-01 0.474E-01
0.599E-01 0.538E-01
0.638E-01 0.579E-01
0.668E-01 0.608E-01
0.571E-01*0.451E-01*
0.634E-01%0.531E-0Q1*
0.705E~-01 0.614E-01
0.786E-01 0.701E-01
0.839E-01 0.756E-01
0.879E-01 0.796E-01
0.108%* 0.876E-01~*
0.121+* 0.103*
0.135%* 0.119*
0.144x* 0.129%*
0.151~* 0.136%*
0.265%* 0.236*
0.505 0.403
0.555 0.464
0.613 0.529
0.680 0.600
0.723 0.645
0.756 0.678
0.209* 0.165%*
0.232% 0.194*
0.258 0.224
0.288 0.256
0.307 0.275
0.321 0.290
0.309* 0.250*
0.344~* 0.293*
0.384* 0.339%
0.410* 0.366%*
0.430* 0.387*
0.678% 0.604%
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M.S. Dimitrijevi¢, S. Sahal—Bréchot

PERTURBER DENSITY= 0.1D+15

36

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
4p - 58 2500. 2.12 0.730E-01 0.234 -0.170 0.211 ~-0.141
54645.4 A 5000. 2.62 0.391 0.253 -0.194 0.225 -0.161
C= 0.46D+20 10000. 2.97 0.583 0.275 -0.220 0.242 -0.183
20000. 3.19 0.724 0.302 -0.248 0.263 -0.208
30000. 3.28 0.653 0.322 ~0.266 0.276 -0.222
40000. 3.36 0.596 0.339 -0.279 0.287 -0.234
4P - 68 2500. 1.03 0.470 0.134 0.114 0.114 0.945E-01
28424.5 A 5000. 1.23 0.588 0.149 0.131 0.127 0.109
C= 0.12Dp+20 10000. 1.36 0.570 0.166 0.150 0.141 0.125
20000. 1.45 0.510 0.186 0.170 0.157 0.142
30000. 1.52 0.422 0.198 0.183 0.167 0.153
40000. 1.57 0.375 0.207 0.192 0.175 0.161
4p - 75 2500. 1.21 0.745 0.212% 0.179* 0.178* 0.147+*
22230.4 A 5000. 1.35 0.819 0.238 0.210 0.200%* <0.173*
C= 0.76D+19 10000. 1.46 0.797 0.267 0.242 0.224 0.201
20000. 1.56. 0.573 0.299 0.275 . 0.251 0.230
30000. 1.67 0.431 0.320 0.297 0.269 0.248
40000. 1.73 0.373 0.336 0.312 0.282 0.261
4P - 88 2500. 1.68 1.11 0.327* 0.264*
19540.6 A 5000. 1.80 1.19 0.367* 0.315% 0.308* 0.259*
C= 0.59D+19 10000. 1.93 1.09 0.412+* 0.367* 0.345+ 0.304%*
20000. 2.12 0.714 0.462* 0.422+* C.388%* 0.351*
30000. 2.27 0.452 0.495 0.455 0.415* 0.379%*
40000. 2.34 0.401 0.519 0.480 0.435* 0.400x*
4P - 5D 2500. 6.03 ~0.125 1.64~* 1.28%*
38089.6 A 5000 5.80 -0.220 1.86* 1.55%*
C= 0.14D+19 10000. 5.47 -0.278 2.13%* 1.81* 1.74%* 1.50+*
20000. 4.92 -0.134 2.46% 2.13% 1.98%* 1.74=*
30000. 4.57 -0.557E-01 2.62* 2.35% 2.16* 1.88+%
40000. 4.33 -0.875E-01 2.70%* 2.52* 2.28* 2.00%
4P - 6D 2500. 6.95 -0.585
25203.1 A 5000. 6.43 -0.410
C= 0.98D+17 10000. 5.78 ~0.271
20000. 5.04 -0.164
30000. 4.61 ~-0.284E-01
40000. 4.32 -0.144E-01
4p - 7D 2500. 8.58 -0.778
20933.9 A 5000, 8.12 -0.552
C= 0.50D+17 °10000. 7.36 -0.338
: 20000. 6.45 -0.133
30000. 5.92 -0.595E-01
40000. 5.54 -0.838E~-02
4D - 5P 2500. 5.18 1.57 0.797* -0.629* 0.651* ~0.5165*
41803.2 A 5000. 5.04 1.20 0.930 -0.755 0.739* -0.608*
C= 0.12D+19 10000. 4.92 0.917 1.02 -0.909 0.858* ~0.708*
20000. 4.60 0.498 0.959 -1.02 0.987 ~0.835
30000. 4.38 0.317 0.949 -0.966 1.02 -0.929
40000. 4.22 0.262 0.944 -0.995 1.08 -1.04




BROADENING OF LI(T) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+15

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
4D - 6P 2500. 3.56 1.48 0.384* 0.305%* 0.341+ 0.249*
26543.2 A 5000. 3.63 1 .10 0.407 0.353 0.370* 0.295%
‘€= 0.48D+18 10000. 3.61 0.719 0.443 0.390 0.395% 0.342~
) 20000. 3.42 0.293 0.520 0.427 0.421 0.381
30000. 3.29 0.222 0.598 0.455 0.446 0.400
40000. 3.19 0.183 0.669 0.485 0.473 0.415
4D - 7P 2500. 4.23 1.88
21767.8 A 5000. 4.42 - 1.44
C= 0.32D+18 10000. 4.39 0.869 1.01* 0.869%*
: 20000. 4.19 0.575 1.13% 1.00*
30000. 4.05 0.241 1.22x* 1.08+% 1.02%* 0.907+
40000. 3.93 0.205 1.29+ 1.14+ 1.06* 0.958*
58 - 6P 2500. 8.60 4.10 2.13+* 1.65%*
47816.9 A 5000. 9.60 2.76 2.37* 1.98+ 2.01%* l1.62%
C= 0.11D+20 10000. 9.896 1.61 2.65% 2.30* 2.24* 1.91=*
20000. 9.96 0.594 2.97%* 2.65% 2.50% 2.20*
30000. 9.89 0.270 3.18 2.86 2.67* 2.38%*
40000. 9.78 -0.158 3.35 3.01 2.80%* 2.51*
58 - 7P 2500. 9.02 4.19
34272.2 A 5000. 9.82 2.82
C= 0.34D+19 10000. 9.96 1.58
20000. 9.81 0.541 3.24+% 2.85%*
30000. 9.62 0.316 3.48% 3.09%*
40000. 9.42 0.182 3.66% 3.26%* 3.05%* 2.72%
5p - 78 2500. 7.86 2.49 0.603 0.457 0.534 0.377
51220.6 A 5000. 9.31 3.25 0.658 0.527 0.578 0.438
C= 0.21D+20 10000. 10.4 3.33 0.719 0.602 0.628 0.501
: 20000, 11.1 2.49 0.783 0.683 0.686 0.570
30000. 11.6 2.05 0.818 0.737 0.723 0.613
40000. 11.9 1.70 0.839 0.774 0.749 0.646
5p - 85 2500. 7.45 3.87 1.09=* 0.883%* 0.918+* 0.718*
38887.2 A 5000. 8.35 4.12 1.22=* 1.05%* 1.03* 0.862%*
C= 0.12p+20 10000. 9.15 3.86 1.37= 1.22% 1.15%* 1.01*
20000. 9.97 2.47 1.53 1.39 1.29% 1.16*
30000. 10.6 1.65 1.64 1.50 1.38%* 1,25+
40000. 10.8 1.44 1.72 1.58 1.44 1.32
PERTURBER DENSITY= 0.1D+16
25-- 2P 2500. 0.230E-02-0.587E-03 0.113E-02-0,.164E-03 0.112E~02~0.137E-03
6709.6 A 5000. 0.234E-02-0.691E-03 0.113E~02~0.184E~03 0.113E-02~0.154E-03
C= 0.55D+20 10000. 0.254E-02-0.755E~03 0.113E-02~-0.207E-03 0.113E-02-0.174E-03
20000. 0.319E-02-0.745E-03 0.113E-02-0.233E-03 0.113E-02-0.195E-03
30000. 0.378E-02-0.646E~03 0.113E-02-0.249E-03 0.113E-02-0.209E-03
40000. 0.428E-02-0.581E-03 0.113E-02-0.262E-03 0.113E-02-0.219E-03
28 - 3p 2500. 0.122E-01 0.844E-02 0.323E-02 0.251E-02 0.282E-02 0.207E-02
3233.6 A 5000. 0.130E-01 0.736E~02 0.355E-02 0.292E-02 0.308E-02 0.242E-02
C= 0.37D+18 10000. 0.140E-01 0.584E-02 0.392E~02 0.334E-02 0.338E-02 0.278E-02
20000. 0.142E-01 0.449E-02 0.435E-02 0.380E-02 0.372E-02 0.317E-02
30000. 0.142E-01 0.360E-02 0.463E-02 0.409E-02 0.395E-02 0.341E-02
40000. 0.141E-01 0.299E-02 0.484E-02 0.430E-02 0.412E-02 0.359E-02
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PERTURBER DENSITY= 0.1D+16

TRANSITION

2S - 4p
2742.0 A
C= 0.12D+18

2563.1 A
C= 0.52D+17

2S - 6P
2475.8 A
C= 0.28D+17

28 - 7P
2426.2 A
C= 0.17D+17

2P - 38
8128.7 A
C= 0.25D+20

2P ~ 45
4973.1 A
C= 0.36D+19

2P - 58
4274.3 A
C= 0.13D+19

2P -~ 68
3986.7 A
C= 0.64D+18

T(K)

2500.
5000.
10000,
20000.
30000.
40000.

5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
400060.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

ELECTRONS
WIDTH(A)

.399E-01
.420E-01
.444E-01
.441E-01
.435E-01
.429E-01

OO OOOO

.109
.114
<111
.109
.107

[eNeNe oo

.224
.240
.247
.240
234
.229

.

.431
.468
.474
.461
.449
.438

OOO0OO0OO OO0 O

.222E-01
.261E-01
.293E-01
.312E-01
.329E-01
.334E-01

OCOOOOOO

.355E-~01
.418E-01
.455E-01
.475E-01
.482E-01
.493E-01

.796E-01
.905E-01
.947E-01
.992E-01
.102
.107

OCOO0OO0OO oo oOoo

« 172
.191
.209
.202
« 25
.225

QOO OO0O

SHIFT(A)

COOOO0OO0OOQ [oNoRoleNo o] ODOOOCOO OOO0OOOO QOO0 O QOO OO OCOOO0O0O

QOO OCOoO

.256E-01
.213E-01
.169E-01
.122E-01
.935E~-02
.747E-02

.477E-01
.386E-01
.250E-01
.183E-01
.138E-01

.11l

.905E-01
.673E~01
.422E-01
.303E-01
.234E-01

.178
.150
114
.630E-01
.445E-01
.280E-01

.164E-01
.196E-01
.220E-01
.224E-01
.225E-01
.206E~01

.264E-01
.315E-01
.355E-01
.351E-01
.322E-01
.299E-01

.571E-01
.673E-01
.713E-01
.682E-01
.581E-01
.540E-01

.120
.143
.145
.120
.100
.846E-01

PROTONS

WIDTH(A)

OCOOOOO

[=ReNoNe]

DOOOOOO

OOO0OOCOO

QOO OCOoOO QOO OOCO

.520E-02
.580E-02
.647E-02
.722E-02
.770E-02
.807E-02

.803E-02
.901E-02
.101E-01
.113e-01
.121E-01
.127e-01

.361E-01*0
.406E-01%*0.
.456E~01%0
.511E~01*0.
.547E-01~*0.
.574E-01%*0

.101E-01*0.
.112E-01*0.
.125E-01 0.
.139e-01 0.
.149E-01 O.
.156E-01 O.

.326E~01+%0.
.364E-01%0.
.390E-01%0.
.409E-01*0.

OO OOO0O

OO0 O0OO

.174E-01*0.
.195E-01 0.
.219E~01 0.
.246E-01 0.
.263E-01 0.
.276E~01 0.

SHIFT(A)

.453E-02
.517E-02
.586E-02
.663E-02
.711E-02
.746E-02

.690E-02
.803E-02
.922E-02
.105E-01
.113E-01
.119E-01

IONIZED HELIUM

WIDTH(A)

740E-02*0.866E-02*0.
897E-02*Q.959E-02*0.

105E-01 0.106E-01*0
122E-01 0.118E-01*0

139E-01 0.131e-01 O

263E~-01*
310E-01+*

339E-01*0.328E-01*0.
359E-01*0.343E-01+0.

0.443E-02
0.492E-02
0.548E-02
0.610E-02
0.650E-02
0.681E-02

OCOOOOO

0.673E-02
0.755E-02
0.847E-02
0.951E-02
0.102E-01
0.107e-01

OCOOOOCO

139E-01%0.146E-01*0
167E-01 0.163E-01*0
195E-01 0.183E-01 0
224E-01 0.206E-01 0
242E-01
255E-01

.261E-01~*
327E-01*0.340E-01+*0.
.391E-01*0.382E-01*0.
455E-01*0.429E-01*0.
495E~01*0.459E-01*0.
.523E-01*0.481E-01*0

SHIFT(A)

S95E-02*
734E-02*

.871E-02*
.101E-01+*
132E-01 0.126E-01 O.

110E-01

.116E-01

280E-01x
298E-01%*

.376E-02
.431E-02
.490E-02
.555E-02
.595E-02
.625E-02

.568E-02
.665E-02
.767E-02
.875E-02
.943E-02
.993E-02

.113E-01~*
.137E-01~*
.161E-01
.186E-01
0.220E-01 O.
0.231E-01 O.

201E-01
213E-01

264E-01%*
321E-01+*
377E-01+*
411E-01*

.435E-01+*




BROADENING OF LI(I) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+16

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
2p - 78 2500. 0.328 0.224
3836.7 A 5000. 0.350 0.260
C= 0.37D+18 10000. 0.379 0.263
20000. 0.395 0.:199 0.982E-01*0.850E~01~*
30000. 0.418 0.161 0.105%* 0.930E-01~*
40000. 0.437 0.127 0.110% 0.988E-01*
2P - 88 2500. 0.633 0.402
3747.7 A 5000. 0.654 0.444
C= 0.23D+18 10000. 0.652 0.430
20000. 0.707 0.306 "
30000. 0.778 0.248
40000. 0.798 0.198
2p - 3D 2500. 0.339E-01-0.146E-01 0.740E-02-0.605E-02 0.639E-02-0.500E-02
6105.3 A 5000. 0.368E-01-0.971E-02 0.819E-02-0.697E~02 0.703E-02-0.579E-02
C= 0.13D+19 10000. 0.375E-01-0.546E-02 0.909E-02-0.796E-02 0.776E-02-0.663E-02
20000. 0.365E-01-0.162E-02 0.101E-01-0.903E-02 0.860E-02-0.754E-02
30000. 0.359E-01 0.122E-03 0.108E-01-0.972E-02 0.915E-02-0.811E-02
40000. 0.354E-01 0.674E-03 0.113E-01-0.102E-01 0.956E~02-0.854E-02
2P - 4D 2500. 0.256 -0.201E-01
4604.2 A 5000. 0.242 -0.147E-01
C= 0.14D+17 10000. 0.221 -0.109E-01
20000. 0.196 -0.607E-02
30000. 0.181 -0.336E-02 0.185%* 0.196%*
40000. 0.170 -0.192E-02 0.178* 0.214~*
2P - 5D 2500. 0.542 -0.161E-01
4133.8 A 5000. 0.543 -0.136E-01
C= 0.16D+17 10000. 0.512 -0.996E-02
20000. 0.462 -0.516E-02
30000. 0.429 -0.726E-02
40000. 0.406 0.336E-02
2P - 6D 2500. 1.06 -0.147
3916.5 A 5000. 1.10 -0.108
C= 0.24D+16 10000. 1.05 -0.769E~01
20000. 0.948 ~0.356E-01
30000. 0.882 -0.213E-01
40000. 0.834 -0.111E-01
2p - 7D 2500. 1.68 -0.245
3796.1 A 5000. 1.84 -0.191
C= 0.17D+16 10000. 1.80 -0.116
: 20000. 1.67 -0.590E-01
30000. 1.56 -0.360E-01
40000. 1.48 -0.167E-01
38 = 3F 2500. 0.811 0.412 0.206 0.158 0.181 0.130
26887.1 A 5000. 0.981 0.268 0.226 0.183 0.197 0.152
C= 0.26D+20 10000. 1.12 0.137 0.249 0.209 0.215 0.174
20000. 1.19 0.317E-01 0.275 0.237 0.236 0.198
30000. 1.22 ~-0.770E-02 0.292 0.255 0.250 0.213
40000. 1.23 -0.201E-01 0.306 0.269 0.261 0.225
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40

M.S. Dimitrijevi¢, S: Sahal--Bréchot

PERTURBER DENSITY= 0.1D+16

TRANSITION

3S ~ 4P
10795.1 A
C= 0.18D+19

38 - 5P
8467.8 A
C= 0.57D+18

35S - 6P
7584.5 A
C= 0.27D+18

35 = P
7137.1 A
C= 0.15D+18

3P - 48
24469.7 A
C= 0.21D+20

3p - 5§
13560.9 A
C= 0.66D+19

3P - 6S
11034.8 A
C= 0.44D+19

3p - 7S
9957.7 A
C= 0.25D+19

T(K)

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500,
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000,
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000,

ELECTRONS
- WIDTH(A) SHIFT(A)
0.614 0.381
0.654 0.288
0.704 0.193
0.708 0.133
0.706. 0.722E-01
0.701 0.532E-01
1.12 0.647
1.19 0.505
1.25 0.350
1.23 0.224
121 0.956E-01
1.19 0.830E-01
2.10 1.05
2.26 0.843
2.32 0.658
2.26 0.377
2.21 0.280
2.17 0.124
3«43 154
4.05 1229
4.11 1.01
4.00 0.589
3.90 0.435
3.80 0.262
1.09 0.295
1.43 0.447
1.66 0.585
1.81 0.640
1.86 0.599
1.90 0.554
0.872 0.523
1.03 0.638
1.12 0.651
1.20 0.623
1.24 0.550
1.29 0.489
1.35 0.906
1.51 1.06
1.60 1.02
1.68 0.885
1.78 0.732
1.87 0.629
2.25 1.50
2.42 1.73
2.63 1.70
2.73 1.20
2.93 0.975
3.06 0.866

PROTONS
WIDTH(A)

OQOOOOOO DOOODOO QOO OOOO

(o Ne N

.155%*
L172%*
.192
.214
.228
«239

.355%
.39 7%
.425%
.446%

.109
.114
.120
.126
.130
« 31

.158
.177
.198
.222
.237
.249

.269%
.302%
.339%
.381%
.408+*
.428

.656%
.702%
.736%

<OOOOOO

SHIFT(A)

QOO OOO QOO0 OCOOOOOO

COOCOOoOO

[ NoNe)

114+
.138%
.162
.187
.202
. 213

.286%
.338*
.369%
+ 391

.611E-01
.700E-01
.797E-01
.903E-01
.975E-01
«103

.126
AL
.175
.201
: 217
.229

L195%
.244x*
.291%
.339*
.368%*
.390

.568%*
621%*
.659%*

IONIZED HELIUM
SHIFT(A)

WIDTH(A)

COOO0OO

OOOOOO OCOOOCOO

OOOOO

.133*
147
163+
.181+*
-193
.202

.357*
.374%*

.103
.107
111
+117
.120
123

«133*
.149%*
.167
.187
.199
.2089

L254%
.285%
- 3190
.342+*
.358~*

OO0 O0OOO

OO OOO QOO OOOCO

OO OOO

.914E-01*
L113x
.134+
.155¢%
.168

.178

.305%
+325#%

.507E-01
.583E-01
.665E-01
.754E-01
.811E-01
.852E-01

.102+%
124+
«145
.168
.181
s 191

197%
.239%
.281%
.306*
.324%



BROADENING OF LKI) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+16

ELECTRONS PROTONS ICNIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
3P - 85 2500. 3.72 2:, 92
9379.3 A 5000. 3.92 25.76
C= 0.14D+19 10000. 4.15 2.54
20000. 4.53 1.66
30000. 4.87 1.37
40000. 5.09 1.23
3P - 4D 2500. 4.05 -0.493
17550.0 A 5000. 3.83 -0.389
C= 0.21D+18 10000. 3.56 ~0.300
20000, 3.19 -0.175
30000. 2.96 -0.118 2.66% 2.82%
40000. 2.81 -0.826E-01 2.52%* 3.08x*
3P - 5D 2500. 4.89 ~-0.230
12240.6 A 5000. 4.89 -0.191
C= 0.14D+18 10000. 4.65 ~-0.140
20000. 4.21 -0.787E-01
30000. 3.92 -0.257E-01
40000. 3.71 0.133E-02
3P - 6D 2500. 7.75 -1.12
10513.1 A 5000. 8.01 -0.848
C= 0.17D+17 10000. 7.65 ~0.559
20000. 6.94 =0.272
30000. 6.47 ~0.148
40000. 6.12 -0.837E-01
3p - 7D 2500. 11.0 -1.63
9688.9 A 5000. 12.1 -1.34
C= 0.11D+17 10000. 11.8 -0.892
20000. 11.0 -0.410
30000. 10.3 -0.232
40000. 9.76 -0.143
3D - 4p 2500. 2.28 1.33 0.510%* 0.378* 0.435* 0.303%*
19281.0 A 5000. 2.37 1.13 0.568%* 0.459+* 0.483* 0.375*
C= 0.57D+19 10000. 2.49 0.860 0.634 0.540 0.537* 0.446*
20000. 2.47 0.571 0.708 0.623 0.598+* 0.517*
30000. 2.42 0.438 0.757 0.674 0.638 0.561
40000. 2.38 0.278 0.794 0.712 0.668 0.593
3D - 5P 2500. 2.76 1.59
12932.5 A 5000. 2.91 1:27
C= 0.13D+19 10000. 3.03 0.963 0.833* 0.674%
20000. 2.96 0.583 0.932+* 0.795+*
30000. 2.90 0.449 0.997+* 0.868% 0.838* 0.719%*
40000. 2.84 0.330 1.05* 0.920%* 0.878x 0.764x*
3D - 6P 2500. 4.4S 2.26
10979.7 A 5000. 4.82 1.82
C= 0.56D+18 10000. 4.95 1.438
20000. 4.81 0.824
30000. 4.69 0.625
40000. 4.59 0.479

41



|1 , M.S. Dimitrijevi¢, S. Sahal—Bréchot

PERTURBER DENSITY= (0.1D+16

42

ELECTRONS PROTONS . IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
3D - 7P 2500. 7.48 3.09 :
10066.2 A 5000. 8.13 2.60 ;
= 0.30D+18 10000. 8.24 2.08 ;
20000. 8.01 1.23
30000. 7.80 0.895
40000. 7.60 0.662
4s - 5p 2500. 9.73 4.96
24978.1 A 5000. 10.7 3.49
C= 0.50D+19 10000. 11.4 2.43 3.04x% 2.46%
20000. 11.4 0.979 3.41* 2.90%*
30000. 11.3 0.448 3.64% 3.16% 3.07% 2.62%
40000. 11.2 0.145 3.83% 3.35% 3.21% 2.78% 0
§
4s - 6P 2500. 12.6 5.80 :
18591.6 A 5000. 13.7 3.16 4
C= 0.16D+19 10000. 14.2 2.85 §
20000. 13.9 0.928 ¢
30000. 13.7 0.642 :
40000. 13.5 0.438 i
PERTURBER DENSITY= 0.1D+17 :
2s - 2P 2500. 0.230E-01-0.584E-02 0.112E-01-0.160E-02 0.112E-01-0.133E-02 ;
6709.6 A 5000. 0.234E-01-0.689E-02 0.113E-01-0.182E-02 0.112E-01-0.152E-02
C= 0.55D+20 10000. 0.254E-01-0.755E-02 0.113E-01-0.206E-02 0.113E-01-0.172E~02
20000. 0.319E-01-0.745E-02 0.113E-01-0.232E-02 0.113E-01-0.194E-02
30000. 0.378E~01-0.646E-02 0.113E=01-0.248E-02 0.113E-01-0.208E~02
40000. 0.428E-01-0.581E-02 0.113E-01-0.261E-02 0.113E-01-0.218E-02
25 — 3P 2500. 0.122 0.794E-01 0.320E<01%0.202E-01*%0.277E~01%0.158E~01*
3233.6 A 5000. 0.130 0.704E~-01 0.354E-01*%0.257E-01%0.306E-01*0.207E-01*
C= 0.37D+18 10000. 0.140 0.567E~01 0.392E-01 0.309E-01 0.337E-01%0.253E-01*
20000. 0.142 0.447E-01 0.434E-01 0.362E-01 0.372E-01%0.299E-01*
30000. 0.142 0.359E-01 0.462E-01 0.394E-01 0.394E-01 0.327E-01
40000, 0.141 0.297E-01 0.484E-01 0.417E-01 0.411E-01 0.347E-01
25 - 4p 2500, 0.396 0.219
2742.0 A 5000. 0.418 0.189
C= 0.12D+18 10000. 0.443 0.156
20000. 0.441 0.122
30000. 0.434 0.922E-01
40000. 0.428 0.735E-01 0.156% 0.130%
2S - 5P 2500. 0.963 0.430
2563.1 A 5000. 1.05 0.361
C= 0.52D+17 10000. 1.11 0.322
20000. 1.09 0.243
30000. 1.07 0.177
40000. 1.05 0.133
2S - 6P 2500. 1.75% 0.584%*
2475.8 A 5000. 2.07 0.534
C= 0.28D+17 10000. 2.24 0.490
20000. 2.23 0.359
30000. 2.21 0.281
40000. 2.17 0.215




BROADENING OF LI(I) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+17

TRANSITION

28 - 7P
2426.2 A
C= 0.17D+17

2P - 35
8128.7 A
C= 0.25D+20

2P - 45
4973.1 A
C= 0.36D+19

2P - 58
4274.3 a
C= 0.13D+19

2P - 6S
3986:7 A
C= 0.64D+18

2P - 78
3836.7 A
C= 0.37D+18

2P - 85
3747.7 A
C= 0.23D+18

2P - 3D
6105.3 a
C= 0.13D+19

- T(K)

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.

10000

20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

2500.
5000.
10000.
20000.
30000.
40000.

ELECTRONS
WIDTH(A)

.38%*
.39%*
.84
.98
.97
<93

W W wwwnN

0.222
0.261
(.,293
0.312
0.329
0.334

0..355
0.418
0.455
06.475
0.482
0.493

0.796
0.905
0.947
0.992
1.02
1.07

1.71*
1.91
2.09
2.02
2415
2.25

3.26%
3.50%
3,79
3.95
4.18
4.36

6.48%
6.48
7.04
7.76
7.96

.339
.368
=375
.365
.359
.354

OOOOOO

SHIFT(A)

0.565%*
0.633x%
0.614
0.458
0.376
0.280

«+159
.194
.218
.224
. 225
.206

(ool o Rev N I oo N wo)

.249
.304
.349
.350
.322
.298

OCOOOOO

.516
.634
.689
.676
« 577
.540

OOOoOoQooO

1.02x*
1.30
1.37
k.17
0.984
0.840

1.74%*
2.25%
2:39
1.89
1.56
1.25

.54%
.70
-85
+35
«95

| sl SO0 S R VS VS

-0.136
-0.913E-01
-0.521E-01
-0.158E-01
0.157E-02
0.705E-02

PROTONS
WIDTH(A)

0.520E-01
0.579E-01
0.646E-01
0.722E-01
0.770E-01
0.807E-01

OCOOOOCO

0.801E-01%*0.
0.900E-01*0.
C.101~ 0.

0
0.121 0.
0

0.246*% 0
0.263* . 0.
0.276* 0

*

.737E-01-0.
.818E-01-0
.908E-01-0
101
.108
.113

-0.
-0
-0.

OO OO O

SHIFT(A)

.408E-01
.485E-01
.564E-01
.646E-01
.697E-01
.735E-01

115 0

.241% 0

.630E-01
.748E-01

.942E-01

Qoo COo

543E-01%0
699E~01*0
848E-01%0.

.997E-01 0.

109 0.

.204%

226%*

510E-01*0.

869E~01

QOO QOCO

995E-01

.443E-01
.492E-01
.547E-01
.610E~01
.650E-01
.681E-01

[>NoloNoNeNe)

.670E-01%0.
.755E-01%0.

847E~01%0

.231* 0

*
*

634E-01-0.
.701E-01-0.
.776E-01-0.
.860E-01-0
.914E-01-0.
.955E-01-0

; IONIZED HELIUM

WIDTH(A) SHIFT(A)

.332E-01
.359E-01
.467E-01
.538E-01
.581E-01
.614E-01

420E-Q1*
561E-01*

.693E-01*
951E-01%0.
102+ 0.
.107 0

823E-01*
900E-01%

.955E-01

.199%*

405E-01~
512E-01~
616E-01

.720E-01

783E-01

.829E-01
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M.S. Dimitrijevi¢, S. Sahal—-Bréchot -

PERTURBER DENSITY= 0.1D+17
ELECTRONS - PROTONS - IONIZED HELIUM
TRANSITION T(K) WIDTH{A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)

2P - 4D 2500. 1.76 ~-0.294
4604.2 A 5000. 1.85 -0.212
C= 0.14D+17 10000. 1.81 -0.153
20000. 1.67 -0.846E-01
30000. 1.57 -0.532E-01
40000. 1.50 -0.361E-01
2P - 5D 2500. 3.25 ~0.429
4133.8 A 5000. 3.90 -0.325
C= 0.16D+17 10000. 4.03 -0.236
20000. 3.85 -0.121
30000. 3.67 -0.726E-01
40000. 3.52 ~0.154E-01
2P - 6D 2500. 4.76 -0.840
3916.5 A 5000. 6.47 ~-0.671
C= 0.24D+16 10000. 7.21 ~0.533
20000. 7.18 -0.361
30000. 6.95 -0.216
40000. 6.72 -0.114
2P - 7D 2500. 6.85% -0.869*
3796.1 A 5000. 9.32 -0.799
C= 0.17D+16 10000. 11.3 -0.646
20000. 11.9 ~-0.414
30000. 11.7 -0.305
40000. 11.4 -0.167
3s - 3P 2500. 8.11 3.84 2.04+* 1.28%* 1.78+% 1.01*
26887.1 A 5000. 9.81 2.50 2.25% 1.62* 1.96+* 1.31*
C= 0.26D+20 10000. 11.2 L35 2.49 1.94 2.15% 1.59+
20000. 11.9 0.302 2.75 2.27 2.36%* 1.88%
30000. 12.2 -0.879E-01 2.92 2.47 2.50 2.05
40000. 12.3° -0.211 3.06 2.61 2.61 2.17
35 - 4P 2500. 6.10 3.25
10795.1 A 5000. 6.51 2.55
C= 0.18D+19 10000. 7.02 1.79
20000. 7.07 123
30000. 7.05 0.702
40000. 7.00 0.515 2.39% 2.00%*
38 = SP 2500. 10.5 4.56
8467.8 A 5000. 11.4 3.73
C= 0.57D+18 10000. 12.1 3.01
20000. 12.0 1.91
30000. 11.9 0.892
40000. 11.7 0.778
3P - 48 2500. 10.8 2.88 1.08 0.537 1.01+ 0.432*
24469.7 A 5000. 14.3 4.42 1.14 0.648 1.06% 0.531%
C= 0.21D+20 10000. 16.6 5.82 1. 20 0.759 1.11 0.627
20000. 18.1 6.40 1.26 0. 875 1..137 0.727
30000. 18.6 5.99 1.30 0.952 1.20 0.788
40000. 19.0 5.54 1.31 1.01 1.23 0.832



BROADENING OF LI(I) LINES BY COLLISIONS WITH CHARGED PARTICLES

PERTURBER DENSITY= 0.1D+17

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A)
3p - 58 2500. 8.72 4.77

13560.9 A 5000. 10.3 6.05
C= 0.66D+19 10000. 11.2 6.3 1.98+% 1.52%
20000. 12.0 6.17 2.22% . 1.85%*
30000. 12.4 5.46 2.37% 2.04x% 1.99* 1.68*
40000. 12.9 4.88 2.49% 2.18+* 2.09% 1.80*
3P - 65 2500. 13.5 7.75
11034.8 A 5000. 15.1 9.68
C= 0.44Dp+19 10000. 16.0 9.63
20000. 16.8 8.63
30000. 17.8 7.21
40000. 18.7 6.26
PERTURBER DENSITY= 0.1D+18
25 - 2P 2500. 0.230 -0.574E-01 0.110 ~-0.149E-01 0.107 -0.122E-01
6709.6 A 5000. 0.234 -0.683E-01 0.112 -0.174E-01 0.111 -0.144E-01
C= 0.55D+20 10000. 0.254 -0.751E-01 0.113 -0.200E-01 0.112 ~-0.166E-01
20000. 0.319 -0.744E-01 0.113 -0.228E-01 0.113 -0.190E-01
30000. 0.378 -0.646E-01 0.113 -0.245E-01 0.113 -0.205E-01
40000. 0.428 -0.580E-01 0.113 -0.258E-01 0.113 -0.216E-01
28 - 3P 2500. 1.19 0.623
3233.6 A 5000. 1.28 0.583
C= 0.37D+18 10000. 1.38 0.483
20000. 1.41 0.396
30000. 1.41 0.335
40000. 1.41 0.280 0.483%* 0.378%*
25 - 4p 2500. 3.06 1. 09
2742.0 A 5000. 3.57 1.11
C= 0.12D+18 10000. 4.00 0.995
20000. 4.10 0.859
30000. 4.09 0.740
40000. 4.06 0.593
28 - 5P 2500. 3.89* 1.20%
2563.1 A 5000. 6.25%* 1.21%
C= 0.52D+17 10000. 8.17 1.47
' 20000. 8.87 1.22
30000. 9.06 1.09
40000. 9.10 0.807
2P - 35 2500. 2.22 1.45-~ 0.509* 0.268%* 0.425%* 0.191%*
8128.7 A 5000. 2.61 1.84 0.577* 0.386%* 0.488* 0.300%*
C= 0.25D+20 10000. 2.93 2.1l 0.645* 0.494%* 0.546%* 0.397*
20000. 3.12 2.19 0.721 0.597 0.610* 0.488~*
30000. 3.29 2.23 0.770 0.657 0.650%* 0.541~*
40000. 3.33 2.04 0.807 0.700 0.680 0.578
2P - 4S 2500. .54 02

4973.1 A 5000.
C= 0.36D+19 10000.

BB W
wm
w
NWWwN N
o e e
(3%
w

20000. .75 .36
30000. .82 12
40000. - 92 =93
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PERTURBER DENSITY= (.1D+18

ELECTRONS PROTONS IONIZED HELIUM
TRANSITION T(K) WIDTH(A) SHIFT(A) WIDTH(A) SHIFT(A) WIDTH(A) SRIFT(A)
2P - 58 2500. . 7.84%* 3.37+%
4274.3 A 5000. 9.02* 5.07%
C= 0.13p+19 10000. 9.45 6.00
20000. 9.91 6.21
30000. 10.2 5.37
40000. 10.7 5.18
2P - 3D 2500. 3.30 -1.03
6105.3 A 5000. 3.63 -0.672
C= 0.13D+19 10000. 3.72 -0.355
20000. 3.63 -0.680E-01 1.01* -0.762%
30000. 3.57 0.560E-01 1.08%* -0.855% 0.913* ~0.696%*
40000. 3.52 0.803E-01 1.13* -0.920%* 0.955% -0.753~*
2P - 4D 2500. 8.10 -1.61
4604.2 A 5000. 11.1 ~1.19
C= 0.14D+17 10000. 12.8 ~0.870
20000. 12.9 -0.390
30000. 12.7 -0.237
40000. 12.4 -0.216
PERTURBER. DENSITY= 0.1D+19 s
28 - 2p° 2500, 2.29 ©  -0.538 " 0.829%* -0.114~ 0.665* ~0.871E-01*
" 6709.6 A 5000. 2.33 ~-0.664 1.02+ -0.149* 0.943* -0.119+*
C= 0.55D+20 10000. 2.54 -0.741 1.09* -0.182% 1.06x% -0.149*
20000. 3.19 -0.743 1.12 ~-0.215 1.10+ -0.178%*
30000. 3.78 -0.645 1.13 ©=0.235 1.12% ~0.,195%*
40000. 4.28 ~0.579 1.13 . -0.249 1.12+ -0.207*
28 - 3p 2500. 6.88%* 2.09%*
3233.6 A 5000. 9.44 2.78
C= 0.37D+18 10000. 11.4 2.65
- 20000. 12.4 2.58
30000. 12.7 2.11
40000. 12.8 2.12

al (1977) are in better agreement with the calculations
of Benett and Griem (1971). A large difference exists
also for the widths as well as for the shifts in the case
of 2p-~4d and 2p—5d multiplets. These transitions are
strongly influenced by Debye screening effect. For
example if we scale linearly to N = 10'° cm™ the
results obtained for N = 10** cm ™3, we will obtain for
the width 2.4 A instead of 1.81 A, in the case of 2p—4d
multiplet. In the case of 2p—5d multiplet the width
will be 5.5 A instead of 4.0 A and the shift +0.075 A
instead of —0.24 A. In the calculations of Benett and
Griem (1971), the Debye screening effect was not
taken into account.

In Figs 1 and 2, the electron—impact full halfwid-
ths and shifts for 2s-—-np spectral series are presented as a
function of the principal quantum number of the upper
tevel (n;), for T = 2,500 K and 40,000 K. One can see
the systematic increase of the Stark broadening para-
meters with the increase of n; as expected. The inspec-
tion of energy separation between the upper level and
the principal perturbing levels for the 2s—np series

46

(see the Grotrian diagrams in Bashkin and Stoner, 1985),
shows that this value decreases gradually within the
spectral series what explains the gradual increase of
Stark broadening parameters. The shift for the 2s-2p
multiplet is negative due to the larger negative contri-
bution of the lower level. For other members of the
series the shift becomes positive since the positive,
upper level contribution increases.
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2 3 4 S 6 7

Fig. 1. Electron-impact full halfwidths for Li(I) 2s*S —
— np°P’lines as a function of n; for T = 2,500 and 40,000
KatN,=10"? ecm™
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~40,000 K) u xonuenrpaunje neprypbepa (104—10'8
cm™). Ha ocHOBy 10BHjeHMX pesynTata MCTpaxHBaHe Cy
PElyNapHOCTH [apaMeTapa IIMpEtsd Y OKBHMDY CIEKTpai-

HHUX cepHja.

Kopucrehn cemuxsmacuunn npumas, uspauymare cy
LMpHie ¥ TIOMaill CHEKTPATIHMX JIMHHKja NPOY3POKOBAHH
CyJapHMa ca eJIEKTPOHMMA, 1IPOTOHMMa M jOHH30BaHMM
Xe/jjymMmoM, 3a 54 MyNTHIIETa HEYTPamTHOT JIMTHjyMa.
Pesyntamu ¢y maru y dynxumju remneparype (T = 2,500 —
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SUMMARY: Assuming a spheroidal corona with an analogous density function as in
Ninkovi¢, 1988, the author analyses the resulting equipotential surfaces. They are
found to be spheroids. The obtained results are applied to our Galaxy by estimating
the distance to the galactic plane above (below) the Sun where the potential is one half
of that at the Sun. This distance is found to be equal a few tens of kpc. Therefore,
at the present level of information one cannot reject the possibility that the galactic
corona is flattened significantly.

1. INTRODUCTION

In a number of papers it has been suggested that
spiral galaxies are surrounded by dark massive coronaé
(e. g. Trimble, 1987). One of the problems in this field
of research is the actual shape of these coronae. Are
they almost perfectly round, or substantially flattened?
Various approaches are possible (e. g. Binney et al.,
1987). The main difficulty is that at present there is no
sufficiently reliable observational evidence. One useful
direction may be that proposed by Monet et al: (1981)
based on examinations of the motions of Population II
objects. However, because of a too simple assumption
concerning these motions, their conclusion seems rather
doubtful. The task of the present paper is to examine
the problem by using in principle the same approach as
Monet et al. (1981), but avoiding the limitations to the
motion of halo (region of Population II objects) objects
assumed by them.

2. PROCEDURE

Since the concept of coronae in spiral galaxies has
been introduced in order to explain the rotation curves,

4

* Dedicated to the memory of Dr. G. Teleki.

it is assumed that the form of the density function
within a corona is that resulting in a sufficiently flat
rotation curve. This requirement is satisfied by assu-
ming for instance the same density function as in an
earlier paper (Ninkovi¢, 1988). This time the given
density function is generalised so that instead of the
distance to the centre of a galaxy a new argument q

a=(R? +(z/e )72,

where R is the distance to the rotation axis, [z| is the
distance to the plane of symmetry and € is the axial
ratio (0< e < 1), is introduced. When € = 1, as easy to
see, q becomes equal to the galactocentric distance.
As it was done by Monet et al. (1981) the equipoten-
tial surfaces will be examined. The three authors found
the relation between the equipotential surfaces of the
corona (being the main contributor to the potential of
a spiral galaxy) and the equidensit surfaces of the halo
by assuming an isothermal and isotropic velocity dis-
tribution for its objects. However, taking into account
the available data on the halo of our own Galaxy (e. g.
Freeman, 1987) it is easy to see that the velocity distri-
bution is quite anisotropic and not isothermal over the
entire radius. On the other hand, on the basis of theo-
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retical considerations it is difficult to expect an isother-
mal and isotropic velocity distribution within systems as
rarefied as halos of spiral galaxies. Therefore, assuming
an isothermal and isotropic velocity distribution within
halos of spiral galaxies seems to be incorrect. In such a
case it remains to find the potential from the assumed
density distribution and to analyse the resulting equi-
potential surfaces.

The potential function is calculated numeri-
cally by using the general formulae given by Schmidt
(1956). In this way the potential is obtained at various
points of space. By using the least—square method it
is established that the points of equal potential lie
along spheroids. The axial ratio of these equipotential
spheroids is different from the axial ratio of the corres-
ponding equidensit surfaces and is not constant. In the
centre of the system (corona) the relationship between
the axial ratio of the equidensit surfaces and the equi-
potential ones is the same as in the case of a homoge-
neous spheroid: for example if € (axial ratio of equi-
densit) = 0.9, €, (axial ratio of equipotential) = 0.94,
€ =08, ¢ = 0.88 and so on. €, gradually increases
outwards reaching one in the infinity. The increase is
the direct consequence of the inhomogeneity of the
coronal spheroid; if the spheroid were homogeneous,
the axial ratio of its equipotential surfaces would be
constant inside the spheroid. The rate of the increase

may be applied to this case by assuming the value of
0.1 for both the ratio of the characteristic parameter to
the semimajor axis and the ratio of the solar distance
from the axis of rotation to the semimajor axis. Thus
the potential of the corona at R = 0.1 a (a—semimajor
axis of corona) becomes twice as small as at z=0 at
Iz = 0.58 afore=1,atiz}|=0.52a(e=0.8), 1zi=0.38
a (e = 04) and so on. In the extreme case € = O this
takes place at [z} = 0.234 a. Converting these values
into kpc and assuming R = 8.5 kpc, one concludes
that the potential of the galactic corona (and practically
potential of the Galaxy) reaches one half of its value
at the Sun at distances to the galactic plane (for same
R) of a few tens of kpc. Though the existing data
indicate a nearly constant velocity dispersion for the
halo objects of our Galaxy up to almost 25 kpc from
the galactic plane (Freeman, 1987), it is difficult to
establish how far from the plane at R = R, the galactic
potential becomes one half of its value at the Sun.
Therefore, the possibility of a significant flattening of
the galactic corona cannot be rejected at the present
level of information. Perhaps, a method applying the
tensor virial theorem may throw more light on the pro-
blem.

“NOTE

depends on the ratio of the characteristic parameter - -

to the semimajor axis (r; /1) ratio in Ninkovic, 1988,
herein q./a ratio). As this ratio is smaller, the faster is
the increase in the axial ratio of the equipotential sur-
faces and vice versa.

3. DISCUSSION AND CONCLUSIONS

At first one should say that the relationship bet-
ween the equipotential surfaces of the corona and the
equidensit ones of the halo can be found by means of
the hydrodynamical equations. It is not simple unless
the velocity distribution of halo objects is isothermal
and ‘isotropic. Thus, in principle motions of halo objects
forming a sufficiently round space structure can take
place also in the potential field produced by a flattened
structurc.

The equipotential surfaces of the corona studied
above can be used for the purpose of calculating the
ratio of the potential at an arbitrary point in the plane
of symmetry to the potential at a point above (below)
it. This is important because of the fact that, for examp-
le, in our own Galaxy examinations of the variation in
the escape velocity (potential) for the solar distance to
the rotation axis at various distances to the galactic
plane can provide a valuable information concerning the
flattening of the galactic corona. Bearing in mind the
existing literature (e. g. Caldwell and Ostriker, 1981;
Rohlfs and Kreitschmann, 1981) the present results

S0

A preliminary report on the present work was presen-
ted at the IX National Conference of Yugoslav Astro-
nomers held in Sarajevo (October 1988). ‘
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AHAJIM3A EKBHIIOTEHIIWIAJIHUX MOBPIIX KOPOHA CITHPAJIHMX TAJIAKCHWIA

C. HunxoBuh
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YcBajajyht  chepoMIHYy KOpOHY ca  aHaNOTHOM
dyHkuujom fyctude Kao y pany Hunxosuh, 1988, aytop
aHau3Mpa pesyntyjyhe exBHnoreHudjanHe noppum. Oxe
vy chepoHaHOr odnuKa. Jlobujenn pesymraTH ce IpuMe-
ibyjy ta Haiy T'asiakcHjy Tako IUTO ce [IpOLErbyje yoabe-
{OCT Of [&JaKTMUKe paBaM M3Had (Mcnon) CyHua roe

MOTEHLHjall [JOCTHXE MOJIOBMHY BPENHOCTM KOjy MMa Ha
nonoxajy Cyrua. Habero je ga ra ygameHoCT H3HOCH He-
KOJIMKO fAeceTWHa kpc. Jlakiie, MOfylHOCT a je KOpOHa
Haute I'anakcuje 3HaTHO CIJbOUITEHA He MOXE Ja ce oada-
L[4 Ha CafalliibeM HUBOY HHPOPMUCAHOCTH.
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SUMMARY: The work performed with the Belgrade Large Meridian Circle and the
results obtained during the last twenty years are presented.

1. CATALOGUE OF THE DECLINATIONS OF
THE LATITUDE PROGRAMME STARS (KS2),

1972, Publ. Obs. Astron. Beograd, No 17,1
SadZakov N. Sofija and Saleti¢ P. Dusan

The Belgrade Catalogue of Latitude Stars (KSZ)
covers the celestial sphere between +13° and +90°. It
contains 3957 stars with magnitude of 3.0 to 9.4. Every
star was observed four times on the average, in the in-
terval 1968 ~ 1971. The mean epoch of observations is
1969.46; on the basis of all observations, mean values
and the root--mean--square error (rms—error below) of
asingle observation were deduced as follows

€cp™* 07336, €ow = +02345

respectively, the rms-—error of a single observation is
e=1034

The rms—error in the determination of the declination:

€5 =+ 0”17,

The study was also made on the dependence of the rms—
~er1or on a single observation as the function of stelar
* magnitude.

Independently of this, the rms—error of a single
observation was deduced on the basis of the observatjons
of reference stars:

e +0’’27 and €ow = 029
€ =10"28.

In order to obtain an idea on the residual syste-
matic errors, several comparisons were made between
the obtained quantities and values in ephemerides of
reference stars.

The mean error of a difference for the area & <C
+45° is #0720 and +0” 21 for the area § > +45° (218
stars from FK4).

For 629 stars from N30, contained in this Cata-
logue, the rms—error of the difference is +0”724,

In the catalogue AGK3 there are 3767 stars from
CLS Belgrade. We made the comparison and we ob-
tained the folowing results. Declination differences
were computed by zones, as well as the rms—error of
difference KSZ -- AGK3 which is: 0728,

The comparison K8Z and AGK3R was carried
out through the analysis of systematic effects of the
type AS,, ASg, Abq, A, Adg, where the indices
point out their character.

The values A8, = ~002, Adg vary from +0°!12
to —0'709 and the errors of determination for all zones
are +07202.

* Phs article is dedicated to the memory of Dr. Porde Teleki, our friend, professor and collegue.
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SUMMARY: The work performed with the Belgrade Large Meridian Circle and the
results obtained during the last twenty years are presented.

1. CATALOGUE OF THE DECLINATIONS OF
THE LATITUDE PROGRAMME STARS (K$2),

1972, Publ. Obs. Astron. Beograd, No 17,1
Sadzakov N. Sofija and Saleti¢ P. Dusan

The Belgrade Catalogue of Latitude Stars (KSZ)
covers the celestial sphere between +13° and +90°. It
contains 3957 stars with magnitude of 3.0 to 9.4. Every
star was observed four times on the average, in the in-
terval 1968 - 1971. The mean epoch of observations is
1969.46; on the basis of all observations, mean values
and the root—mean--square error (rms—error below) of
a single observation were deduced as follows

€cp =+ 07336, €, = 2072345
respectively, the rms-error of a single observation is
€=10"34.

The rms—error in the determination of the declination:
€8 =t 0” 17. A

The study was also made on the dependence of the rms—
—error on a single observation as the function of stelar
- magnitude.

Independently of this, the rms—error of a single
observation was deduced on the basis of the observations
of reference stars:

€CE = +0’27 and €cw = +0’)29
€ =10"28.

In order to obtain an idea on the residual syste-
matic errors, several comparisons were made between
the obtained quantities and values in ephemerides of
reference stars.

The mean error of a difference for the area § <
+45° is +0720 and +0% 21 for the area § > +45° (218
stars from FK4).

For 629 stars from N30, contained in this Cata-
logue, the rms—error of the difference is +0724.

In the catalogue AGK3 there are 3767 stars from
CLS Belgrade. We made the comparison and we ob-
tained the folowing results. Declination differences
were computed by zones, as well as the rms—error of
difference KSZ — AGK3 which is: +0728.

The comparison KSZ and AGK3R was carried
out through the analysis of systematic effects of the
type A8, ASs, Adq, AS,. Adg, where the indices
point out their character.

The values Ad, = —0702, Abg vary from +0°712
to —07709 and the errors of determination for all zones
are *0’)02.

* This article is dedicated to the memory of Dr. Porde Teleki, our friend, professor and collegue.
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The values A6, vary from +07214 to —0107 in
individual segments of the sky.

The effects of type A8, do not exist or they are
so small that they are negligible in this kind of work.

The analysis of A8, shows that the stars of di-
fferent spectral types have different values.

The values Ad, (Fig. 1) change the sign at § =
= +45°, approximateTy. The stars of the spectral type
A have the positive sign, while stars of the spectral type
K have the negative one. This phenomenon is noticeable
also with other spectral types.

AS

0.1
0.0

-0, 4

By comparison of the position of stars of earlier
and later types in relation to the position between the
spectral types F and G, it is stated that the positions of
the stars of earlier spectral types are shifted towards
the zenith and those of the latter ones are shifted in
the opposite direction.

Taking into consideration that in the calculation
of the refraction the Pulkovo tables had been used, whe-
re the applied constant of refraction is k = 60’154,
we obtained

k = 607172 for the spectral type A
k = 607159 for the spectral type F
k = 6071149 for the spectral type G
k = 607141 for the spectral type K

2. CATALOGUE OF NPZT PROGRAMME STARS,
1981, Publ. Obs. Astron. Beograd, No 30,1

Sadiakov S., Saleti¢ D., Daci¢ M.

The catalogue of the NPZT stars is obtained on
the basis of the observational material compiled by
use of the Meridian Circle of Belgrade Astronomical Ob-
servatory during 1973-1980. It contains 1638 stars
with magnitudes 6.5 < m <8.5. The mean epoch of
observations is 1977.02 in right ascension and 1976.78
in declination.

The rms—error of a single observation is €yc0s8 =
= 20%030, e5 = +07726.
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The rmms—error in the determination of the right
ascension is €gcosd = ¥0%012, and in the determination
of the declination €5 = +0”711.

Comparisons are made with FK4, the Catalogue
of NPZT stars compiled in Bordeaux (BRD), Yasuda’s
catalogue NPZT (Y) and the PZTs at latitude stations
(1.s).

335 FK4 stars were observed in right ascension
and 346 FK4 stars in declination. The rms—error in right
ascension is €ycosd = t0%015 and €5 = +0’’14 in decli-
nation. The mean observational epoch is 1976.44 in
right ascension and 1976.69 in declination.

3. BELGRADE CATALOGUE OF DOUBLE STARS,
1990, Publ. Obs. Astron. Beograd, No 38, 1

Sadzakov S., Daci¢ M.

In the period between March 1981 and April
1987 in Belgrade 1576 stars of the Double Stars Pro-
gramme were observed. The double—stars programme
partly composed in the fifties at Pulkovo under the su-
pervision of M.S. Zverev was approved at the 14-th
Astronomical Conference in 1958, to be proposed and
accepted for observations at X 1AU General Assembly in
1958.

The measurements and the treatment of the ob-
servational material were performed by use of the rela-
tive method. Both coordinates — right ascension («) and
declination (8) were observed simultaneously, on the
average every three minutes. There were such cases when
the meridian transits of stars occured within a minute.
We always observed the brighter component within a
pair. If both components were equally bright, then the
first one was observed.

The average number of observations per star were:
4.32 in right ascension, 4.43 in declination for pro-
gramme stars and 5.2 in right ascension, 5.4 in decli-
nation for fundamental stars.

The positions of stars are given for equinoxes
B1950.0 and J2000.0 and for the corresponding obser-
vational epoch.

The rms—error of a single observation of double
stars between —30° to +60° is €ycos8 = +0%026, €5 =
= 207234. The corresponding amounts for the fundamen-
tal stars are. €,c088 = £0°022, €5 = +07232.

The single observation error in right ascension is
the smallest about the zenith (0°023), whereas in decli-
nation (0’234) it is approximately equal in all observa-
tional zones. The mean observational epoch in the ca-
talogue is 1983.90 in right ascension i. e. 1983. 84 in
declination.

The proper motions are determined for 453
stars of this catalogue.

The average value of the o{u) error for these stars
is +0°00028, i. e. £0°20036.
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4. A CATALOGUE OF POSITIONS OF 290 STARS
SITUATED IN THE VICINITY OF RADIO SOUR-
CES, 1989, Astron. Journal, (in press)

Sadzakov S., Dac¢ié M. and Cvetkovié¢ Z.

Simultaneously with these observations we carried
out between 1982 and 1987 observations of 290 stars
from 78 parts of the sky situated in the vicinity of ra-
dio sources.

A programme star was observed on the average
5.5 in right ascension and 5.6 times in declination. The
mean observational epoch of the catalogue is 1984.60 in
right ascension and 1984.70 in declination. The posi-
tions of stars are given for the equinoxes B1950.0 and
J2000.0 and for the corresponding observational epoch.
The rms -error of a right ascension is €4c088 = £0°024 i.
e. €5 = 0730 for declination. The difference (CE—CW)
obtained from the entire observational material is equal
to +0°007 in right ascension i. e. —0”2 in declination.
The comparisons with both catalogues reveal the presen-
ce of systematic errors except in magnitude.

The corrections of the fundamental stars are deri-
ved from at least four and at most 40 measurements.

In both coordinates we observed 198 stars. The
ms-errors of a single position is €,c0sd = +0°009 in
right ascension, i. e. €5 = *0”713 in declination. The error
of the weight unit is €,cos8 = + 0021, i. e. €5 = +0.30.
The mean observational epoch in right ascension is
equal to 1984.60.

S. A CATALOGUE OF RIGHT ASCENSIONS AND
DECLINATIONS OF FK4 STARS, 1989, Astron.
Astroph. Suppl. Ser.,No 77, 411

Sadzakov S. and Dacié¢ m.

This catalogue contains the positions in right
ascension and declination of 576 FK4 stars. The obser-
vations were carried out with the Meridian Circle at
Belgrade Astronomical Observatory during the period
1981--1987. The average rms—error of a single obser-
vation (for the whole catalogue) is €ycosé = 03022 and
€5 = t0".32. The mean epoch of the catalogue is 1983.90
for right ascension and 1983.84 for declination.

6. GENERAL CATALOGUE OF LATITUDE STARS
(IKSZ), 1978, Publ. Obs. Astron. Beograd, No 24,1

Sadiakov S.

The values of declinations and proper motions in
IKSZ were derived on the basis of about 36000 star
positions, the rms—errors of their determination ranging
“from 020 to 0762, their average being *0”35. Sear
positions used in the catalogues were determined from
four measurements on the average, accordingly decli-

nations and proper motions in the 1KSZ were determi-
ned from 36 measurements on the average. In this. as
some kind of basic catalogue served the KSZ, contain-
ing 3956 stars, with the mean epoch of observation
1969 44.

The rms—error of the determination of a single
position in IKSZ is €5 = 0106, that of proper motion
€y = +0”2005; mean epoch of observation is 1954.44
and the total number of stars in IKSZ is 3895. All po-
sitions, as given in the catalogue, are referred to the
equinox and epoch 1950.0.

7. DECLINATIONS AND THE PROPER MOTIONS
OF THE STARS OF THE INTERNATIONAL
LATITUDE SERVICE ON THE BASIS OF MERI-
DIAN CATALOGUES FROM 1929-1972 (BSKSZ1:
BSKSZ2), 1975, Publ. Obs. Astron. Beograd, No 21,1

Sadzakov S., Saletié¢ D.

The declinations in this catalogue have been ob-
tained with an internal accuracy eg = #0023 and the
proper motions are characterized by error €, = +0”20023.
The mean epoch of the observations is 1954 .0. The to-
tal number stars in BSKSZ1 and BSKSZ2 is 440.

8. INVESTIGATION OF THE SYSTEMATIC ERORS
Ad, IN THE LATITUDE OBSERVATIONS OF
DIFFERENT OBSERVATORIES FROM THEIR
COMPARISON WITH THE BELGRADE GENERAL
CATALOGUE OF LATITUDE STARS (IKSZ) AND
WITH PHOTOGRAPHIC CATALOGUE AGK3,
1979, Publ. Obs. Astron. Beograd, No 27,1

Sadiakov S.

Short--period systematic differences of the Ady
type in the AGK3 (in consequence of the narrowness of
sky segments covered by individual plates) make obli-
gatory and legitimate the efforts, currently being put
into the working out of a single catalogue of the PZT
stars. The diversity of methods being applied to this end
is expected to contribute to the elimination of the false
accordance, mentioned above.

The systematic differences originating from the
errors in proper motions in both catalogues are practi-
cally the same. From their amount one can infer that the
epochs of latitude series and the mean epochs of the
catalogues should not differ by more then 10 to 20
years. The epoch differences exceeding this interval
may have and excessive effect (mean error of the proper
motions in declination € = +0”)012).

The total systematic difference of the A6, type
found for some latitude stations is very high (Greenwich
1). However, upon eliminating the constant part, the
variable part behaves in accordance with the fundamen-
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tal catalogue systems, accordingly, it directly affects
the latitude determination.

The elimination of this error and the reprocessing
of the latitude data will certainly furnish a different
presentation of the polhody and thence, the value of
the z—term. .

The dependence of the z—term and the systematic
ertors Ad, is also shown in the present statement. The
best demonstration of this dependence is provided by
the Pulkovo latitude system, which is practically exempt
of both A48, and the z—term. We consider it necessary to
point out that some of the methods of determination of
this term, like those employed in the treatment of the
1I.S data, which almost fail to disclose its variation in
time (probably in consequence of the smoothening
being pushed to far) are not quite suitable to the resear-
ch into this dependence. This dependence has, other-
wise, been stated in all the data except those, where
cven the latitude services were unable to derive the
z—term, perhaps on account of the residual errors of
some other type (Blagovestchensk, Ulan Bator, Belgrade
1 and Belgrade 2).

Our attempt to find out a reliable criterion for the
estimate of the external accuracy in the latitude deter-
minations by way of the analysis of the corrections to
the declinations of the common latitude stars, derived
by chain method, failed to yield the expected results
owing, on one hand, to the dependence of the correc-
tions to declinations (Washington, Mizusawa) and on
the other, to the existence, in the.data of the stations
observing the same stars (Irkutsk; Borowiec), of other
systematic errors. PES A 5 g

Our analysis, by establishing the existence of the
systeratic errors of the Ad, type in the latitude obser-
vations, are in harmony with the results of many other
authors, mentioned earlier. There, therefore, cannot be
any doubt as to their existence. The catalogues of the
kind the IKSZ is, afford the possibility of rediscussing
the latitude data within a unique system, wherewith
further improvement of the results might follow.

By the present work the existence of only one
error, significant by its amount, in the latitude obser-
vations is shown and assessed, other errors in the lati-
tude programmes being only foreshadowed.

The nonuniform data handling, nonunified coor-
dinate systems, varying number of stars, swift and
frequent changes in the methods of processing, make
the researches in this field difficult and to some extent
even unreliable. We therefore recommend:

1. Coordinated and unified mode of handling the
observations;

2. The star sellection for the latitude programmes
is to be made from one and the same catalogue system
{c. g. General Catalogue of Latitude Stars);

3. An evened number of stars (not below 200)
and a unified observing procedure;
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4. The data thus collected and the treatment
accordingly implemented, would surely contribute si-
gnificantly to the improvement of the future fundamen-
tal system;

S. Having regard to the present status of the
latitude catalogues of declinations, their inclusion into
the material on the ground of which the improvement of
the fundamental system is to be effected, will present,
apart from rare instances, a very delicate problem.

The present paper, with its results, cannot, for the
time being, aspire to some ultimate and categorical
conclusions, yet it should be considered as the first
successful attempt of the kind, which, though in the
first approximation, furnishes a suffificiently convin.
cing accuracy estimate of the results of latitude obser-
vations.
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tal catalogue systems, accordingly, it directly affects
the latitude determination.

The elimination of this error and the reprocessing
of the latitude data will certainly furnish a different
presentation of the polhody and thence, the value of
the z—term.

The dependence of the z—term and the systematic
ercors Ady is also shown in the present statement. The
best demonstration of this dependence is provided by
the Pulkovo latitude system, which is practically exempt
of both Ad, and the z—term. We consider it necessary to
point out that some of the methods of determination of
this term, like those employed in the treatment of the
LIS data, which almost fail to disclose its variation in
time (probably in consequence of the smoothening
being pushed to far) are not quite suitable to the resear-
ch into this dependence. This dependence has, other-
wise, been stated in all the data except those, where
cven the latitude services were unable to derive the
z—term, perhaps on account of the residual errors of
some other type (Blagovestchensk, Ulan Bator, Belgrade
1 and Belgrade 2).

Our attempt to find out a reliable criterion for the
estimate of the external accuracy in the latitude deter-
minations by way of the analysis of the corrections to
the declinations of the common latitude stars, derived
by chain method, failed to yield the expected results
owing, on one hand, to the dependence of the correc-
tions to declinations {(Washington, Mizusawa) and on
the other, to the existence, in the .data of the stations
observing the same stars (Irkutsk Borow1ec) of other
systematic errors.

Our analysis, by estabhshmg the existence of the
systematic errors of the A, type in the latitude obser-
vations, are in harmony with the results of many other
authors, mentioned earlier. There, therefore, cannot be
any doubt as to their existence. The catalogues of the
kind the IKSZ is, afford the possibility of rediscussing
the latitude data within a unique system, wherewith
further improvement of the results might follow.

By the present work the existence of only one
error, significant by its amount, in the latitude obser-
vations is shown and assessed, other errors in the lati-
tude programmes being only foreshadowed.

The nonuniform data handling, nonunified coor-
dinate systems, varying number of stars, swift and
frequent changes in the methods of processing, make
the tesearches in this field difficult and to some extent
even unreliable. We therefore recommend:

1. Coordinated and unified mode of handling the
observations;

2. The star sellection for the latitude programmes
is to be made from one and the same catalogue system
(c. g. General Catalogue of Latitude Stars);

3. An evened number of stars (not below 200)
and a unified observing procedure;
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4. The data thus collected and the treatment
accordingly implemented, would surely contribute si-
gnificantly to the improvement of the future fundamen-
tal system;

5. Having regard to the present status of the
latitude catalogues of declinations, their inclusion into
the material on the ground of which the improvement of
the fundamental system is to be effected, will present,
apart from rare instances, a very delicate problem.

The present paper, with its results, cannot, for the
time being, aspire to some ultimate and categorical
conclusions, yet it should be considered as the first
successful attempt of the kind, which, though in the
first approximation, furnishes a suffificiently convin-
cing accuracy estimate of the results of latitude obser-
vations.
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9. OBSERVATIONS OF THE SUN AND INNER
PLANETS WITH THE LARGE MERIDIAN CIRCLE .
IN BELGRADE, 1987, Coll. No 100, Beograd .

Sadzakov S., Daci¢ M.

At the Belgrade Astronomical Observatory since
January 1975 there have been régular observations of
the Sun and inner planets. The observations are made
according to corresponding instructions. During the
observations of the Sun Sukharev’s filter was used by -
1985 and a new one from high quality glass afterwards.

The objects were observed with a hand driven
micrometer by the differential method. The choice of
reference stars was made according to the same criterion
as aplied in the formation of the differential catalogues
There were no alterations of the observational team: the
distribution of observations was on the whole even and
personal errors were determined as well. The mean
duration of diurnal observations was four hours. During
the summer a small number of FK4 stars was observed
to 3 magnitude of 1.2 only, whilst possibilities were
greater during the winter period (3.4 apparent magni-
tude). Because of this more Kiistner’s series were obser-
ved during the summer period (during the winter period
two series corresponding to both positions of the circle
were observed).

The observed apparent right ascensions and de-
clinations of the Sun and the planets are compared to
the ephemeris ones and they presented in Table 1.

The corrections of the orbital elements of the Sun
and the errors (o) of their determination, based on the ob-
servation in the period 1975--1988 presented in Table 2.

Table 1
Oij.bje'C’t (0-C)y ed nl k(O—C)g ”55 n2
. Sun —-0%008 +0%006 460 -0703 0702 520
Mercury +0.010 +0.014 147 -0.04 +0.06 151
£0.004 403 001 *0.03 458

Venus ~0.005

The corrections of the orbital elements of Mercury
and Venus and the errors (o) of their determination,
based on the observations in the period 1975-1988 pre-
sented in Table 3.

From the data of Tables 2 and 3 it is evident that
the values of the corrections obtained coincide one with
another within the limits of the errors in position deter-
minations. Determination errors A8 are approximately
equal for the Sun and Venus and smaller than for Mer-
cury. The latter fact can be explained by the unequal
number of observations and also by the existence of a
dependence on accuracy in the determination of zero
point corrections to the mean distances of the planets.
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Table 2
AA 0y, Ae 05, €bm g, nl A8 . Oy Ae 0y, ALo gy, n2
in 0s0O01 unit in 0701 unit
corrections —1 3 422 #30 -6 4 460 +3 £33 1 3 +]12 +7 520
Table 3
x1 Oy i vl Oy zl 0,y nl  x2 oy Y2 0yp 22 0,5 n?
in 0001 unit in 0201  unit
Mercury -24 10 —-10 £15 +32 =12 147 -2 4 -3 8 -6 +7 151
Venus -6 5 —~1 +£2 +2 8 403 -4 *+4 —-10 4 -5 +5 458
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TMOCMATPAUKH PAZl U3BEZIEH CA BEOTPAIICKMM BEJIHKHUM MEPPIIH/UAHCIGdM KPYI'OM
Y NEPHOIIY 1968 — 1988.

C. Cayaxos, 3. liBerxosuh, M. Jlatmh
Actponomcka oncepbaropuja, Boaruna 7, 11050 Beorpag, Jyrocaabuja

YIK 524.3 (083.8) — 14
Ipernegnu waaHax

Haje ce npernen Behnx panosa ypahenux ca Mepu- Kao M aHajli3a peslyiTata JOOMjeHHMX M3 I1OCMarpauko
nnjaHckum kpyiom y Beorpamy 3a nocnemmux 20 roguHa, MaTepujana CaKyIUbEHOr ca TOMEHYTHM HHCTDYMEHTOM
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Preliminary report

OCCULTATION OF 28 SGR BY TITAN ON 1989 JULY 3RD*

A. Kubicela, J. Arsenijevi¢ and V. Proti¢—Benisek

Astronomical Observatory, Volgina 7,E 1 :1'05 0 Beograd, Yugoslavia

(Received: November 20, 1990) -

SUMMARY: This article presents the results of the photometric, photographic and
visual recordings of the occultation of 28 Sgr by Titan, made by the authors at Bel-
grade Astronomical Observatory on July 3rd, 1989. '

The observation of 28 Sgr occultation by Titan
~ was made with the Belgrade Observatory polarimeter
and 65 cm refractor. The signal is modulated by polari-
zation analyser making one turn per minute resulting in
a double sine—wave per minute. The three second la-
sted time marks were also recorded every minute. On
the record within the occultation are also seen three
- longer interruptions made for guiding control. The ori-
- ginal record is presented in the Figure 1.

The intensity data in the Table 1 were obtained
by ﬁttmg a smooth curve through the curve of Figure 1
and digitalisting “it in four — second intervals. Intensi-
ty is normalised ‘to the value 1.000 corresponding to
the mean intensity of the full signal of Titan and the
star before and "after the occultation. At the same
time, the sky polarization, measured separately, has
been removed. However, it is possible that the star or
Titan signal contains some residual polarization. The

Fig. 1. Original record of 28 Sgr occultation
by Titan on 1989 July 3rd made at Belgrade
Observatory. Time increasis from right to left.

|

e

* Dedicated to the memory of Dr.G. Teleki.
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Table 1

Occultation of 28 Sgr by Titan on 1989 July 3rd

normalised intensity versus time is seen in the Figure 2.
At the same time, photographical and visual observations
of the phenomenon were carried out with the Askania
13cm refractor. Metcalf 10 min exposure method was

Time [UT]

22137M08
37.15
37.22
37.28
37.35
37.42
3748
37.55
37.62
37.68
37.75
37.82
37.88
37.95
38.02
38.08
38.15
38.22
38.28
38.35
38.42
38.48
38.55
38.82
38.88
38.95
39.02
3908
39.15
39.22
39.28
39.35
3942
3948
39.55
39.62
39.68
39.75
39.82
39.88
39.95
40.02
40.08
40.15
40.22
40.28
40.35
4042
4048
40.55

used in the case of photographical recording. Visual

Intensity Time {UT]  Intensity timing of occultation (reapparition only) was registered
T nograph.
1.014 2240762 0.044 by chuanogn
1.010 40.82 0.032
1.010 40.88 0.044 125 7 OCCULTATION OF 28 Sgr 8Y TITAN
1.011 4095 0.059 1 ON JULY 3rd 1989
1.007 41.02 0.059 1.00 A ‘ A
1.004 41.08 0.044 e 3
1.004 41.15 0.036 6,95, | \ |
0.993 41.22 0.036 |
0.989 41.28 0.036 '
0.992 4135 0036 9% /
0.996 4142 0.046
1.002 4148 0.040 0.25 4 £ i)
0999 42.02 0.040 ~—— S
0995 4208 0.032 0.00 Lol T
0.996 42.15 0.032
0.921 42.22 0.032 Fig. 2. Normalised intensity versus time taken from the
0.875 4228 0036 1.0 1.
0.531 4235 0.044
0438 4242 - 0.036 The lenght of 28 Sgr trail is derived by the com-
0.305 - 4248 0.036 parison with the lenghts of trails of three stars whose
0.203 4255 0.036 magnitudes and spectral types were similar to the
0.149 42.62 0.032 occulted star.
0.125 4268 0.036 On the basis of such plate measurements the next
0.102 42.75 0.052 results are obtained:
8-‘1332 3§'§§ 0-(1)82 T, (dispparition) = 22" 38™ 41% UTC
0.082 43.02 0.128 That means that the duration of the observed phenome-
0.075 -+ 43.08 0.120 non was 258°8. Visual timings is:
g:g;é 32:;; 8:}22 T (reapparition)=22 43 049 UTC
0.071 43 .28 0.189 The position of instruments are:
0.075 4335 0.273 65cm refractor: L = —1P 22™ 03831 ¢=+44° 481274
0.075 4342 0419 13cm refractor: L= —1 22 03.09 ¢=+44 48 15.0
0.075 4348 0.538 h =260 m. ‘
0.079 43.55 0.715
0.079 43.62 0.892
0.075 43.68 0.949
0.083 43.75 0981
0.083 43.82 1.005
0.075 43.88 1.022
0.067 4395 1.026
0.059 44 .02 0.998
0.051 44 08 0.982
0.055 44 .15 0.983
0.059 4422 1.004
0.055 44 28 1.004
0.055 4435 1.012
0.051 4448 0984
0.051 ’
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AHAJIU3A PE3YJITATA TOCMATPAHA OKY/ITAUMIE 28 Sgr THTAHOM
A. Kybuuena, J. Apcermsjeah. B. lpornh—bBeuniex
Acrponomexa oncepbaropuja, beorpag, Boaruna 7, Jyrocnabuja

YIAK 421.864:523.46—-87

[TpemxogHO caoriuirer>e

Y 0BOM pajy aHaTH3MpaHu Cy pesynraru Goromer- 3. jysa 1989. rofEHe MHCTPyMEHTHMA ACTPOHOMCKE OfICep-
Tpujckix, GoTOrpadeKuX M BH3YASTHHX NOCMATparba OKyJITa- Batopuje y beorpany.

wije seyte 28 Sgr CarypHOBUM CaTeIMIOM Turanom
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294 PHOTOGRAPHIC POSITIONS OF MINOR PLANETS OBTAINED
WITH THE GPO TELESCOPE OF ESO — LA SILLA IN 1987*

H. Debehogne

Observatoire Royal de Bélgique, Avenue Circulaire 3, B—-1180 Bruxelles, Belgique

V. Protitéh—Benishek and D. Olevi¢

Axtro;zoﬁi cal Observatory, 11050 Belgrade, Volgina 7, Yugoslavia

(Received. November 25. 1990)

SUMMARY: 294 precise photographic positions of minor planets observed with the
GPO telescope (f = 4m, d=40 cm) of the European Southern Observatory (ESO),
La Silla, Chile, during February—-March 1987 are presented. Five new asteroids were
discovered during this mission. ‘

INTRODUCTION

Here we present the results of photographic ob-
servations of minor planets which were carried out in
February and March 1987 with the Grand Prism Objec-
tive at the European Southern Observatory, La Silla,
Chile, by H. Debehogne.

294 precise positions are obtained. Five new mi-
nor planets were discovered: 1987 DLg, 1987 DM,,
1987 DF, 1987 EP and 1987 EQ.

OBSERVATIONS, MEASUREMENTS AND REDUC--
TIONS

Minor planet observations were performed using
the Kodak 11-O plates and three exposures on each
plate were done.

Five reference stars of SAO Catalogue were se-
lected per plate.

All the plates were measured on the Ascorecord
Zeiss measuring mashine of the Observatoire Royal de
Belgique by H. Debehogne. o

* This paper is dedicated to the memory of Di.G. Teleki.

The metod of dependences was used to obtain
the precise positions.

The Least Square Method was taken to derive
the residuals of the star positions.

The computations were performed at the Uccle
Computing Center using UNIVAC 9200.

RESULTS

The results of observations collecting during this
mission are presented in two tables.

Table I contains respectively: the ordinal number
of each position, the object designation, ordinal number

. of the plate, date in UT, the topocentric coordinates «

and 6 for the equinox 1950. and the residuals.

For the new asteroids the calculated positions only
are presented. In the Table II we give also the ordinal
number of each position, the star identification (SAO
number), the last digit ot « and & of the reference star
(proper motions are included), the residuals on the re-
ference stars, computed for each of three exposures and

the dependences..
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47
47
L7
u7
L7
L7
L7
47
57
L7
L7
L7
1070
1070
1070
1070
1C70
1070
1070
iR alnds]
1e7e
1T
1070
107¢
1070
in’e
107C
1070
107C
107C
203
1203
1223
Y273
12023
1273
S0
1223
122
12322

1223

OFJECT

AGLEURA
ACLAJA
FCLAJE
ECLEJA
AGLAJR
AGLAJA
AGLAJA
AGLAJA
ACLAJA
ACLAJA
ACLAJA
AGLAJA
AGLAJA
AGLAJA
ACLAJA
AGLAJA
ACLAJA
AGLAJA
AGLAJA
AGLAJA
AGLAJA
TUNICA
TUNICA
TUNICA
TUNICA
TUKICA
TUNRTICA
TUKICA
TUNICA
TUNICA
TUNICA
TUMICA
TUNICA
TUNICA
TUKIC

TUMICA
TUNICA
TUNRICA
TUNICA
HECKAR
fCCKAR
HECKAR
NMOCKAR
LHECKAR
HECKAR
LECKAR
LECKAP
rECKAR
FLECKAR
FECKAR

TAFLE 1. POSITICKS.

3

ETC UT 1987

PLETE MGN. DAY ALPHA 19ES0

EooM oS
10789 2 27.164920 10 33 16.518
10749 2 27.1697S1 1C 332 16.2¢€3
10749 2 27.174653 10 22 16.036
10796 3 2.164236 1C 3C u3.cue
107%6 X 2.169097 10 30 42.723
10796 2 2.173958 10 I0 4Z.ugeg
10r8C8 3 I,156597 10 29 53,722
1CeC8 3 3,161458 10 29 SZ.463
1rece 3 3.166319 10 29 53,194
10819 X 4,135069 10 29 G.364
iC819 I 4.,139920 10 29 4.13&
1C819 3 4.144792 10 29 3.871
10823 3 5,.1871%2 10 28 11.5C3
1Ce33 3 5.192014 10 28 11.234
1Ce23 3 5.196875 10 28 10.964
10845 2 6.174652 10 27 22.268
10845 3 6.,180902 10 27 21.972
10845 3 6.187152 10 27 21.678
10856 3 «214921 10 26 30.711
10856 2 7.221180 10 26 3C.u1E
10856 3 7.227430 10 26 3C.111
10707 2 Z4.367C13 11 5 1C.37¢
1C7C7 2 24.271875 11 5 10.1°C
1C7C7T 2 24.376736 11 5 10.C00
10721 2 25.347569 11 4 32.709
10721 2 285.252430 11 4 32.49C
10721 2 2%.257291 11 4 32.2099
10765 2 D8.2177C8 11 2 40.°926
1C765 2 28.222569 11 2 4C.79¢
17765 2 28.227470 11 2 40.609
10769 3 2.,274&52 11 1 19.42¢
10799 3 2.279514 11 1 19.27
10799 3 2.284375 11 1 19.043
10811 3 Z.267708 11 0O 29.8E2
1CF11 2 2,272%569 11 0 29.6u¢g
17011 T Z.277471 11 0 F9.417
icere T 258680 11 0 D.26E
10622 2 4.2625u1 11 C D0.17¢
10822 3 4.268403 1C 59 ©9.9¢¢
1ICEET 2 T3.267014 10 43 26.929
10687 2 27.271875 10 43 26.7C2
106ET 2 22.276776 10 43 26,453
IC7C1 2 TL.256680 10 42 37.202
1C7C1 2 24.263541 10 42 26.9GE
1C761 2 74.268403 10 42 36.7CE
1C727 2 26.095486 1C 41 4.6322
IC727 2 76.100347 10 41 4,417
10707 2 26.105208 1C 81 G,.18C
10749 2 27.16U930 10 40 10.44€
107469 2 Z7.169751 10 40 1C.2C3

RELTE 1950 RESIDUALS

+12
+12
+12
+12
+12
+12
+12
+12
+12
+12
+12
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+12
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+13
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+13
+ 0y
+0u
+04
+04
+04
+C4
+05
+CtE
+[05
+05
+(¢
+05
+NE
+C5
+0&
+[C5
+CE
+(5
+11
+11
+11
+11
+11
+11
+12
+12
+12
+12

+12

Z6
36
36
48
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294 PHOTOGRAPHIC POSITIONS OF MINOR PLANETS OBTAINED
WITH THE GPO TELESCOPE OF ESO — LA SILLA IN 1987

TAELE 1. POSITIONS,

CATE UT 19E7

NO CEJECT PLATE MCGN. DAY ALPHA 1980 CELTA 19850 RESIDUALS
H M S c LA M ’

51 1223 NECKAR 1C749 2 27.174653 10 40 9.965 +12 09 3C.30 + .O 8]
52 1223 NECKAR 10796 3 24164236 10 37 38.418 +12 22 Ch.u4 + L0 o
53 1223 MNECKAR 10756 3 2.169097 10 37 3£.192 +12 23 05.86 + .0 o]
S4 1273 HECKAR 1C796 2 2.172958 10 27 37.9271 +12 22 C7.24 + .0 8]
55 1223 NECKAR 1Ce38 3 2.1565%97 10 36 H4E,2I75 +12 27 27.35 + .0 c
56 1203 IMECKAR 1rece 2 Z.161488 1C 26 4B.119 +12 27 28.70 + LD G
57 1223 NECKAR 1C8C8 3 2.166319 10 36 47.861 +12 27 30.03 + .O C
58 1223 NECKAR 1Ce19 3 4,135069 10 25 59.2u49 +12 321 42.68 + ,O 0
59 1223 NECKAR 10819 3 4.129930 10 25 £9.009 +12 31 44,00 + .O 0
60 1223 NMNECKAR 10819 I 4,144792 10 25 58.7€9 +12 31 45.60 + .O 8
61 1223 NECKAR 1c8z3 3 E£.187152 10 25 6.597 +12 26 14.07 + .0 0
62 1273 NECKAR 1CeZ3- 3 -£.192014 10 35 6.35C +12 36 15.48 + .0 a
63 1223 NECKAR 16823 3 £.196875 10 35 6.109 +12 36 1€.38 + .0 a
64 1223 NECKAR 1C84S 3 6.174652 10 34 17.579 +12 40 23.59 + .0 0
€5 1223 NECKAR 10895' 3 6.180902 10 34 17.285 +12 40 28,00 + .C 0
b6 1273 NECKAR 1Ce4S 3 €£.187152 10 34 17.00C +12 40 26.59 + .0 0
67 1223 NECKAR 1G856 3 7.214931 10 33 26.156 +12 44 41,04 - .0 0
68 1223 NECKAR 1cese 3 T7.2211680 10 33 25.838 +12 44 u2.63 - O 8]
69 1223 NECKAR 10856 3 7.227430 10 33 25.517 . +12 44 4y .22 - .0 0]
70 1302 WEPRA 1C6ET7 2 T3.267014 10 45 4B8.E60 +11 46 17.15 + .1 o
71 13C2 WEPRA 10687 2 Z22.271875 10 45 4E.638 +11 46 19.04 + ,1 B
12 1302 WERRA 1C6ET7T 2 22.276736 10 45 48.39€ +11 46 20.36 + .1 8]
73 13C2 WERRA 10701 2 24.258680 10 45 2.167 +11 51 22.58 + ,C 8]
T4 1302 WERRA 1C7C1 2 24.263541 10 45 1.95€ +11 51 25.08 + ,O C
75 1302 WERRA 1C7C1 2 24.268u403 10 45 1.722 +11 51 26.24 + ,O 4]
76 1302 WERRA 10727 2 26.C95486 1C 43 25.378° +12 CC 4é€.C0 + .O c
77 1302 WERRA 1C727 2 26.100347 10 43 35.15C +12 00 47.35 + .0 o
78 13C2 WERRA 1C727 2 26.105208 10 43 34,917 +12 CO 48.83 + ,0O 0
79 1361 LEUSCHNEPIALICT7C7 2 T4.367013 11 2 7.834 +04 37 19.54 - .0 0
60 1361 LEUSCHNERIAICTG7 2 244371875 11 2 7.632 404 37 22.16 - 0O 0]
8l 1361 LEUSCHNEPRIALIG7C7 2 24.376736 11 2 7.460 +04 37 24,77 - .0 0
B2 1361 LEUSCHNEFIAICTZ1 2 25.247569 11 1 28.911 +04 45 54,79 - .0 0
83 1361 LEUSCHNEFIAICQ721 2 <5.35242Z0 11 1 28.714 404 45 57,39 - .0 C
B4 1361 LEUSCHNEFIAICT7Z1 2 28.3572%1 11 1 28,8521 +C4 ue CC.C5 - .0 C
85 1361 LEUSCHNERIAICTES 2 TE€.2177C8 10 59 33,254 +05 11 24.60 + .0 0
86 13€1 LEUSCHNERIALIC7¢S 2 Z2€.222569 10 5% 33.144 +05 11 27.09 + .C C
87 13¢1 LEUSCHNERIALIC765 2 28,.,227430 10 59 22.942 +CS 11 29,86 + ,0 8]
B8 131 LEUSCHNEFILLI[CT799 3 Z2.274€&%2 10 58 9.193 +05 29 t1.63 + .0 0
89 1361 LEUSCHNEFIAIC7G%® 3 2.279514 10 58 9.016 +05 29 H4,13 + ,C C
90 13¢1 LEUSCHNEPIA1CT799 3 2.28u4375 10 58 B.BIC +CS5 29 £6.63 + .0 o]
91 1361 LEUSCHNERIAICE11 3 2.267708 10 57 28.266 +C5 38 48,55 + ,0 o]
.92 1361 LEUSCHNEFRIAICSI1 2 2,272569 10 57 28.C70 +C5 38 £1.16 + .0 0
93 1361 LEUSCHNEFRIALICE11l 3 2.277431 10 57 27.E94 +C5 38 E3.43 + (0 0
94 1361 LEUSCHNEFIALICPZ2 3 4.2586£0 10 56 47.5C09 +C5 47 44,01 + ,C 0
95 1361 LEUSCHNEFRIAIC8Z2 3 4.263541 10 56 47.317 +05 47 47,01 + .0 0
96 1301 LEUSCHNEFIAIN822 2 4.2684C3 10 56 47.117 +0S 47 49,47 + ¢ 0]
97 1361 LEUSCHNERTIAl1eZ2 3 C£.169791 10 56 10.C17 +C5 55 56451 + .C 8!
98 1361 LEUSCHNEFIAll1EZ2 2 5.174652 10 56 9,817 +0& 55 59.00 + .0 0
$9 1361 LEUSCHNEFIAlI1£32 2 5.179513 10 56 S.62C +C5 56 Cl.6C + ,O 8]
1361 LEUSCHNERILLIIEED? X  7.74€527 10 S4 40,151 +C6 1t ZE.01 - .0 0

N
wn
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NO

101

102
103
104
105
106
107
108
109

110
111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
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OEJECT

13¢1-
13061
1361
1361
13¢1
1376
1376
1376
1376
1376
1376
2178
2178
2178
2178
2178
2178
2390
2390
2390
2390
2390
23¢0
2390
2390
2390
23¢0
2390
23%0
23°%0
2390
2390
2390
2390
2320
2320
2390
2390
2868
2808
2868
2eqns
2888
28r8
2ees
2808
28¢8
28re
2868
2808

PLATE MOHN,

LEUSCHNEFTIAl1E59
LEUSCHNERIAlL18ES
LEUSCHNEFRIAL11PEE
LEUSCHNEFIZ11FESR
LEUSCHNERTIALIGES

FICHELLE  .1C7C7
MICHELLE 1C7C7
MICHELLE 1C7C7
MICHELLE 10721
“ICHELLE - 1C721
MICHELLE" ic721
KAZAKHSTANI1C687
KAZAKHSTANIICEBT
KAZAKHSTANI10687
KAZAKHSTANIIOTCOL
KAZAKHSTANIICGTC1
KAZAKHSTANI1IC701
NEZARKA 11749
REZARKA 11749
NEZARKA 11749
NEZARKA 1C781
NEZARKA ic7e1
MEZARKA - 10781
MEZARKA 11796
NEZARKA 11796
NEZARKA 11796
NEZARKA 11008
KEZARKA 118C8
NEZARKA 11808
NEZARKA 11819
NEZARKA 11819
NEZARKA 11819
HEZARKA 11833
NEZARKA 11833
NEZARKA 11833
HEZARKA 11845
NEZARKA “l1eut
HEZARFKA 11845
HOCGSON 106E7
HCDGSON 1C6E7
HCDGSON 1cee7
HODGSON © 1C7C1
HODGSON 1c701
HODGSON 10701
HODGSCN 10727
HODGSON 10727
HODGSON 1c727
HODGSON 10749
HCDGSON 10749
HODGSON 10749

TAELE 1.

DATE UT 1987

NNNRPPANRNRNRNRN RN MWW W W NN WEHWWWWAHUWWNNRNRNANNNRNND NN NN W NN W W

CAY

7.252083
7.257628
10.253471
1C.259C27
10.26U45E3
24.367013
24.371875
24.376736
CeZUT569
53252430
£«2572¢21
3.267014
23.271875
23.276736
24 ,2586E0
24.263541
24.,268403
27.180208
27.185416
27.190625
1.189930
1.195138
1.200347
2.180208
2+.185069
2.1899320
3.171875
I.177083
3.182292
4.151736
4,156597
4L.,161458
£.202u4320
5.2072%2
£.212152
6.194057
€.2006094
6.2072¢2
22.267014
23.271875
23.276736
24.258680
ZU.262541
2L 2684C3
26.095486
26.100347
26.105208
27.164930
27.169791
27174653

SIEAN IS S T |

FOZITIONS.

ALPHA 198C

10
10
10
10
iC
16
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
1iC
1C
iCc
10
10
10
10
10
10
10
10
10
10

H

- 54
54
52
&2
52
SE
58
58
57
57

57

46"

46
46
45
45
45
40
40
40
38
38
38
37
37
7
36
36
36
35
35
35
34
kL
34
i3
33
33
42
42
42
41
41
41
39
39
39
3E€
z8
38

S
39,92¢
29,701
41.074
4C.c80
4p.ercf€
57,606
53.324
£3.CU46
5S7T.5u49
$7.278
57.C00

5.168
.72
B 577
6.104
5.79¢9
5.469
38.705
3e.12
38.125°
43.372
42,665
42.756
46449
46.194
45,904
49.500
49,205
4g,.809
£Z.,404
€3,.1C8
52.829
52,247
£3.073
Che.984
TE.63E
5€.257
LELE99
4E.374
48.C55
40.163
39.830
36,495
33.091
32.747
22.416
16.7:8
18.441
18,108

CELTA

+06
+C6
+C6
+Cé
+C6
+Cé6
+0¢&
+C6
+Cé6
+C&
+C6
+1C
+1C
+10
+10
+1C
+1C
+04
+([4
+C4
+ 0y
+04
+Cy
+«04
+C4
+C4
+C4
+C4
+04
+C4
+C4
+04
+C4
+04
+04
+04
+C 4
+C4
+12
+12
+12
+12
+12
+12
+12
+12
+12
#:12
+12
+12

c

15
1S
41
41
41
12
13
13
2c
20
2
Sy
54
54
59
59
59
21
21
21
26
26
26
29
29
29
32
32
22
34
24
24
37
37
27
40
4o
e
o3
ce
06
ce
ce
oe
12
12
12
15
15

1%

18R RESTDUAL

T e

37.92
UCe76
42.63
46.63
49,71
C9«67
11.72
13.77
11.48
1z.58
15.68
24,70
36.24
37.81
£5.19
671
57.83

26 .94

2759
28.31
47.22
48,59
46,50
28.75
29 .81
30.26
l11.24
12.63
12.16
£2.91
E4,.E4
£5.46
Leg,.Cc8
4g,91
49,72
Z3.44
4,26
Je.0
19,74
20.15
2C .81
4C.16
4c.e8
41,23
cCc.58
51.00
51:€

l11.28
11.94
12.66

P I

Vot

P TR T TR R TR T T T T S S S N N N N

M

0
0
P!
o1
o1
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oD
.0

«l

o1
el
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0
0
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294 PHOTOGRAPHIC POSITIONS OF MINOR PLANETS OBTAINED
WITH THE GPO TELESCOPE OF ESO — LA SILLA IN 1987

TRELE 1. POSITIONS.

CATE UT 1987

NO ORJECT PLATE MON. DAY ALPHA 195C  [DELTA 1950 RESIDUALS
oM s o v v M .

151 2868 HODGSON 10796 2.164236 10 34 51.69%5 +12 21 18.00 - .C + 1
152 2868 HODGSON 1796 2.169097 10 34 51.359 +12 21 18.29 - .0 + ]
153 2868 HODGSON = 10796 24173958 1C 34 51.023 +12 21 18.87 - 0 + 1
154 2868 HCDGSON 1cecs 3.156597 '1C .33 43.947 +12 23 08.64 - .0 + ]
155 2808 HODGSON® 1cecs T.161458 10 33 43,624 +12 23 09407 - .0 + 1
156 2868 HODGSON 1Cecs . 3.166319 1C 33 43.266 +12 23 09.65 - .0 + 1
157 2888 HODGSCON 1re19 4.135069 10 32 37.662 +12 24 52.10 - .0 + 1
158 2868 HODGSON 10819 44139930 10 .32 37.346 +12 24 52.38 - .0 + 1
159 2868 HODGSON 10819 4.144792 IC .32 37.015 +12 24 52.70 - .0 + 1
160 2868 HODGSON 10833 $.187152 10 31 26.817 +12 26 37.30 + .0 O
161 2888 HCDGSON icers 5.192014 10 31 26.481 +12 26 37.91 + .0 O
162 2868 HODGSON 10873 5.196875 10 31 264155 +12 26 38.27 + 0 O
163 2888 HODGSON 10845 . 6.174652 10 30 21.210 +12 28 10.00 + .0 O
164 28£8 HODGSON 10845 . 6.180902 10 30 20.833 +12 28 10.33 + .0 O
165 2808 HODGSON 10845 6.187152 10 30 20.453 +12 28 10.63 + .0 O
166 2888 HODGSON 10856 7.214931 10 29 12.831 412 29 40«67 - .1 + 1
167 2868 HODGSON 10856 7.221180 10 29 12.454:+12 29 41.24 - .1 + 1
168 2888 HODGSON 1caese 7.2274320 10.29 12.077 +12 29 41.59 - .1 + 1
169 3143 1980 -UA 1C687 23.267014 10 45 57.718 +12 45 57.37 - .0 O
170 3143 1980 UA 106€7 23.271875 10 45 S7.479 +12 45 S8.72 - .0 O
171 3143 1980 UA 10687 23.276736 10 45 S57.236 +12 46 00.12 - .0 O
172 3163 1980 UA 160701 24.258680 10 45 8.403 +12 51 15.63 - .0 O
173 3143 1980 UA 107C1 24.263541 .10 45 E.151 +12 51 17.19 - .0 O
174 3143 1980 UA ic7cl 24.268403 10 45 7.9C7 +12 51 18.47 - .0 O
175 3143 1980 UA 10727 26.095486 10 43 36.674 +13 00 55.38 - .0 O
176 3143 19e30 UA 10727 26.100347 10 43 36.439 +13 00 57.00 - .0 O
I143 1980 UA 10727 26.105208 10 43 36.191 +13 0C 58.45 - .0 O

1987 OL6 10687
1987 DL6 1Cé687
1987 DL6 1Cee7
1987 DL6 iC701
1987 DL6 10701
1587 DL6 10701
1987 pL6 1C727
1987 DL6 10727
1587 DL6 10727
1987 CL6 1C749
1987 DL6 10749
1987 DL6 10749
1987 DL6 10796
1987 DL6 10796
1987 QL6 1C7%6
1987 DLé6 icecs
1587 DL6 1CeCe
1987 DL6 1CReC8
1987 DL6 10819
19€7 OLe6 1Ce19
1987 DBL6 1Cce1l9
1S¢7 DLG 10€Z2
1987 DL6 ICE8Z3

23.267014 10 42 26.775 +12 25 53.03
23.271875 10 42 26.455 +12 25 53.10
23.276736 10. 42 264138 +12 25 S3.40
24.258680 10 41 21.157 +12 26 S3.77
c4.263541 10 41 2C.842 +12 26 S4.07
24.268403 10 41 204533 +12 26 54,38
26.0954€6 10 29 18.977 +12 28 37.27
26.,100347 10 39 1B.650 +12 28 37.56
26.105208 10 29 18.335 +12 28 37.75
27.164930 10 38 6.946 +12 29 2l.84
27.169791 1C 38 6.622 +12 29 32.0C8
2T7.174€53 10 38 6.306 +12 29 32.17
2.164236 10 34 45,194 +12 31 24.20
2.169097 10 34 44,831 +12 31 34,42
2«173958 10 34 44,5185 +12 31 34.74
3.156597 10 33 38.71& +12 32 03.79
3.161458 10 33 38.395 +12 32 C4.00
3.166319 1C 33 3g.088 +12 22 04,11
4,135069 10 32 33.602 +12 32 28.13
4.139930 10 32 32.28%5 +12 32 28.19
4.1404792 10 32 32.°946 +12 32 28.34
£.187152 10 31 23.931 +12 32 46.00
£.192014 10 31 22.8584 +12 32 Le.D6

AW WA W W W W W NN M NNNNNRNDNNRAN NN NN RN RN W W W W W W W W W N W G W
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TAELE 1. POSITIONS.

GATE UT 187

NO OPJECT PLATE MON. DAY ALPHA 195C CELTA 1°5C RESIDUALS
K M S o A 4 e N []
201 1587 DL6 1C8Z3 3 £.196875 10 21 23.248 +12 32 4e.45
202 1687 DLE 10845 2 €.174652 10 20 19.235 +12 32 ©7.03
203 1987 DL6 1n84s 3 6.18BC%C2 10 30 18.775 +12 22 57.C3
204 1987 DL6 10845 3 €.187152 10 30 1R.3€2 +12 22 87,07
205 1387 DL6 10856 I T7.214921 10 29 11l.642 +12 32 CC.62
206 1987 DL6 1Ce56 3 7.521180 10 29 11.24C #12 32 Cl.EW4
207 1987 CL6 1ICR%S6 I T.227430 10 29 10.80€ +12 23 00.67
208 1587 M6 11749 2 27.1802G8 1C 28 20.E11 +C4 CE 28.29
2u9 1987 DM6 11749 2 27.185416 10 38 20.517 +Cu4 CS HC.64
210 1587 pM6 11749 2 27.190625 1C 28 20.234 +C4 05 42.18
211 1987 DM6 10781 3 1.189930 1C 36 32.303 +C4 21 te& .42
212 1987 CVMé 1C7€1 Z 1.195138 10 36 32.CE5EG +Cu4 22 CC.54
213 1987 DHé6 10781 3 1.200347 10 36 21.784 +C4 22 C3.41
214 1387 DMé&- 11796 3 2.180208 10 35 39.210C +0C4 30 C4.16
215 1987 DM6 11796 3 2.185069 10 35 38.966 +C4 30 06.05
216 1987 DVeo 11796 3 2.1899320 10 35 38.717 +C4 30 Ce.e8
217 1987 DM6 l11e08 3 2.171875 10 34 46.365 +(04 38 12,08
218 1987 DM6 l11ef8 3 2.177083 10 34 46.063 +C4 38 15.94
219 1987 DMe 11808 3 3.182292 10 34 45.796 +04 38 18.29
220 1687 DM6 11819 3 4,151726 10 32 54.484 +04 46 16.63
221 1987 DMé 11819 3 4.156597 10 23 54.234 +04 46 19.25
222 1987 DM6 11819 ¥ 4,161458 10 23 52.%2f1 +C4 46 21.,u2
223 1987 DMe6 11823 - 2 5.202430 10 32 £9.257 +C4 °4 55,09
224 187 DM6 11623 2 5.207292 10 32 S59.0CC +CH4 54 S7.71
225 1987 DM6 11832 3 5.2121%2 1C 32 58.737 +Cu4 55 0O0.08
226 1987 DM6 11845 2 6.194097 10 32 7.897 +05 03 C4.19
227 1987 DM6 11845 3 €.2D00694 10 32 7.563 +C5 03 07.34
228 1287 DM6 11845 3 6.2C072%92 10 32 7.222 +C5 C3 1C.58
229 1987 DMeé .11856 3 7.2368CS5 10 21 14.476 +C5 11 36,41
230 1987 DMe6 011886 X 7.243750 1C 31 14.114 +0S 11 29.93
231 1987 DM6 11856 2 7.250€94% 10 31 12.777 +CS5 11 42.40
232 1987 DFfe6 1les6 3 7.236BCS 10 24 24.691 +06 03 CS.66
233 1987 DF6 11856 3 7.243750 10 24 24.252 +06 03 C5,.80
234 1987 DF6 11656 3 7.250694 10 24 23.€13 +C6 C2 CE.28
235 1987 EFP IC7CT 2 24.367C13 10 59 38.222 +0C5 08 E82,57
236 19687 EP 1C7CT 2 24.371875 10 S9 38.C25 +C5 0€ 4,05
2357 1987 EP 1C7C7 2 24.376736 10 59 27.750 +CS C& 54,50
238 1987 P IC781 2 ZE.2Zu75€9 10 58 u81.289 +CS 1C 32.36
239 19&7. EP 1C701 2 2%.252u430 1C 5E 41.CC6 +C5 1C 2Z.e9
240 1687 LF 10721 2 ZE5.2Z572%1 10 58 4C.722 +CES 1C 34,328
2ul 1987 EP 11781 2 27.255903 10 56 49.237 +C5 13 £3.59
242 1987 EP 11781 2 27.26C764 1D 56 u4B.956 +C5 13 54,10
243 1687 EP 11751 2 27.265625 10 56 4E.667 +C5 13 4,62
2ub 1987 EP 10765 2 2€.2177C8 10 £S5 52.3€64 +CS 15 27,17
2u5 1987 P 10765 & 2E.222569 10 55 52.058 +CS5S 15 27.88
246 1987 EP 1C7¢S 2 2€.22742Z0 1C 55 &1.746 +CS5 15 38,41
247 1987 EP 10799 2 2.274652 10 53 49.99C +C5 19 22.04
248 1987 EP T10T7€9 3 24279514 10 S3 uUT9.E92 +C5 19 22.73
2u9 1987 £P 10769 X 2.284375 1C 53 4G.398 +C5 19 22,24
250 1987 EP 1ICF11 2 2.267708B 10 52 EC.792 +C% 21 12.27
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294 PHOTOGRAPHIC POSITIONS OF MINOR PLANETS OBTAINED
WITH THE GPO TELESCOPE OF ESO —~ LA SILLA IN 1987

TAELE 1, POSITIONS,

' DATE UT 19&7
CBEJECT PLATE MON. DAY ALPHA 1°05C CELTA 1985C RESIDUALS

HooMoS 0 v v M v
1907 EP 11l 3 2,272569 1C 52 50.50C +CS 21 1Z.00
19687 P 10811 27 24277431 10 52 50.206 +05 21 13.79
1987 EP 11822 3 £.169791 10 50 57.528 405 24 45,18
1987 EP 11822 3 5,17u4652 10 50 57.2%4 +05 24 45,822
1987 £p 11632 3 ©4179513 10 50 £6.962 +0S 24 46,33
1687 EP 11847 3 €£.265572 10 49 52,1F2 406 26 UE .25
1967 [P 11867 3 €£.271527 10 49 S1.E27 +0F 26 HE.EU
19e7 EP 11847 3 6. 277082 10 49 51,487 +0S5 26 49.48
1987 EP 11859 3 7.346527 10 48 47.985 +CS5 28 4E.39
1967 €P 11856 2 7.252083 10 48 47,673 +05 28 49,72
1987 EP 11859 3 7.257628 10 4E€ U4T.368 +D5 28 SL.30
1987 EP 11888 I 10.253471 10 45 S57.220 +05 34 11.80
1687 £P 11RE8 3 10.259027 10 45 56482 405 34 12.03
1987 EP 11888 2 1C.264583 10 45 56,572 +C5 34 12.63
1987 EQ 1C7C7 2 24.367013 11 6 0.418 +CH 42 ST7.26
1987 EQ 16707 2 24.371875 11 & ©0.126 +04 42 Sg.u8
1987 EQ 10707 2 244276736 11 5 59.834 +04 42 59,81
1987 EQ 10721 2 25.347569 11° 5 2.110 +04 47 15.76
1987 £9 10721 0 2 254352430 11 S 1.B22 +C4 47 17.C1
1987 EQ 10721 2 254357291 11 5 1.533 +04 47 18.34
1987 EC 1C765 2 28.217708 11 2 7.726 +C5 00 21.04
1987 EQ 1C765 2 28.222569 11 2 7.435 +05 00 22.07
1987 EQ ° 10765 2 28.227430 11 2 7.140 +C%5 0D 22.87
1687 EGQ 10799 I 2.274652 10 59 S9.456 +CS5 10 C2.30
1887 EC + 10799 3 2.279514 1D 59 59,148 +C5 10 03.71
1987 EQ 10799 2 2.284375 10 59 S58.854 +05 10 0S.22
1987 EQ 10811 2 2.267708 10 58 57.101 +05 14 U4E.82
1987 EC  1C811 3 2.272569 10 58 S6.797 +0S 14 4g.17
1987 EC 1C811 2 2.277431 10 58 S6.509 +05 14 uUC.63
1987 EC 10822 3 4.,258680 10 57 54,624 +05 19 21.90
1987 EC 16822 2 4,.262541 10 57 S4,218 405 19 22,12
1987 EQ 10822 3 4.268403 10 57 54.015 +05 1% 34.83
1987 EQ 11B22 3 5,169791 10 56 $7.332 405 22 S6.14
1987 EQ 11822 2 £.174652 10 56 57.0C5 +0E 23 57.28
1987 EQ 118232 3 S.179513 10 56 56.687 +05 23 S£.89
1987 EC 11847 3 6.265972 10 S5 47.824 +0S 29 14.20
197 ¢ 11847 3 6.2715%27 10 55 47.447 +05 29 1€.,82
1587 EC 11847 2 €.277082 10 55 47.096 +0°5 29 17.473
1987 £¢ 11859 2 7.246527 10 54 39,415 +0S 24 27.67
1987 EC 11889 3 7.3252083 10 54 39,062 +05 24 29,53
1987 EC 11889 3 7.357638 10 54 382.715 +0% 34 21.57
1987 EOC 11888 3 10.252471 10 51 37.569 +05 48 28.30
1987 EQ 118E8 3 10.259027 10 51 37.203 +C% 48 29,87
1987 EC 11RE8 3 10.2645E3 10 51 26.835 +0C5 48 31.46
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CESETPVATIONS

1
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13

16

19

2€

40

43

70

2

14

17

20

(&)

N
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el

w
P

w
wmn

3E

41

4y

3

12

15

18

27

42

45

HO SAC
99cES
S921C
o617
99I4<
962¢3
9%1es
9G1E7
9921C
99227
99I4T
96234
09227
9917¢
99187
95197
Q9187
99217
9921C
9917%
9918e€
95187
99217
99210
99174
s91e¢
99155
9917¢
991ES
95 1€6
99162
56187
991e¢c
9517¢
99162
99131¢ct
118622
11€676
11568¢
1186€1
118684
11&86CE
118¢19
1168644
118602

l1e¢72

118€C€
118e22

118619

11€6E0

ligeyy
11€¢21

118621
l1eces
118627
11e6C2
118¢21
1Y6€ 1€
1186C3
118079
li1eceu
118€14
118€C2
118S8S
11E594
11621
$9217
°9716
99295
2628¢
o%ZTl
%9299
99C7
¢9Ces
G9cES
99263

Pe

A
n e

TECTS

+26.0859
+22.451
+f5,.341
+58.669
+28.272
+2e.105
+12.93%¢
+22.451
+08.592
+58.669
+sL7.676
+08.593
+54,278
+13.978
+26.0E9
+12.928
+55.341
+22.451
«S4.278
+26.105
+13.9Z¢
+85.341
+22.451
+27.365
+ZE4.1CS
+ITX9TE
+54.,27¢
+28.10C5
+U3.4ET7
+46.577
+13.928
+28.1C5
+54.278
+46.577
+73,975
+58.766
+75.4€62
+14.,571
+45,.2¢8
+1C.966
+59,527
+28.1F3
+UTLTH]
+CE.7€66
+064EET
+89,50

+(EL.ECC
“TE.1E2
+TFE.TE6
+42.741
+05.8C7
+32.926
#75.137
+T6.8C0
+TE . TH9
+25: 807
+3B.1E3
+28,749
+E5,445
*T3. 13T
+lT.821
+75,749
+45,972
+Le,102
+Tc.807
+C7.416
+(S5.726
«23.412
+58.663
+43.332
+273.412
+43.,322
+26.631
+5B.6E3
+28.272

TAFLF

usco
vy
SBT3
32.98
4T7.ES
25.C8
21.30
58.47
17.486
33.96
19.91
25.08
15.84
19.91
17.68
17.46
17.%4
17.46
47.8%5
32.96
17.68
58.47
17.46
47.85
.96
36,29
S8.47
21.67
17.68
S8.u47
20.97
15.84
17.46
58.47
17.68
15.84
21.67
D6.88
29.E9
16.75
H6.27
49.03
19.83
09.19
41.u7
06.£8
E2.C4
19.E3
15.85
€9.19
06.28
4leb7
21.27
SE.4u
2.97
15.85
2¢.40
21.2
0%9.19
25.40
7.C0
52.97
S1.82
25.40
32.11
27.11
21.27
58.81
43.50
22.03
54.55
54.15
22.C3
54.15
49.C6
54.59%
21.30

Ze STER FESIDUALS.

<

-C.014
+C.007
+C.C07
-C.C28
+C.C27
+C.C10
+0.002
-0.047
+C.050C
~-C.015
-C.036
+C.C32
-0.009%
-C.003
+C.01¢
+0.005
+0.007
~0,004
+0.010
-C.C17
~C.C16
+C.C18
~C.014
+0.G06
+C.006
+C.C13
-c.o20
-.025
+C.038
-C.006
-C.001
~f.082
+C.00u
+C.000
~-0.002
+0.00%5
~C.002
+C.C20
-r.n031
+C.009
-C.009
0,00t
+C.027
-C.C07
~[+C1¢€
+C.00¢8
-r.00¢
-C.014
-C.022
+C.03¢
+C, 042
-0t.010
-N.006
-C.057
+C.C3C
+C.032
~C.01¢9
-C.035
+0.051
~C.029
-C.01C
+«C.008
+C.001
-C.003
+C.004
-C.009
+0.022
+0.002
~-C.039
+C.025
+C.018
+0.021
+C.009
~C.036
~C.012

vy

~0.CS
-C.26
+C.53
~C«S3
+C.30
~-C.68
+C.77
-0.29
+0.E9
-C.28
-C.C5
+0.C3
~C.10
+0.23
~C.11
+C.19
+( .29
-0.18
+0.40
-0.70
-0.10
«0.C0
-C.C1
-C.04
+0.14
+0.20
~Ca26
~C.S7
+0.73
~0.11
+C.45
~C.uu
b g Yol
-r.06
+C.15
+0.C1
+0.10
+C.15
0.2
-D.C2
+0.32
-C.28
“MyC2
-0.3)
+(.31
-C.CR
L S |
-C.10
+C.07
~0.1¢9
-C.76
0,24
+0.14
+0.08
~C.60
-C.46
+C.78
-0.28
-C.cu4
+0.22
+0.22
-0.20
+0.C2
+0.Cu
-G.C7
-L.39
+0.23
+0.52
-0.02
+0.06
+0.47
+0.35
+N.u0
~0.92
~0.30

STAF PLSICUALS

S
-C.001
-C.0C2
+0.004
-C.004
+C.0C3
+C.003
+0.006
-C.035
+0.039
-0.013
~C.030
+C.026
~0.012
+0.008
+C.008
+0.0C5
+GC.019
~C.012
+C.022
-0.033
+0.005
+C.C38
-0.02¢8
+C.C30
~0.C45
+C.017
-C.C24
~C.0Cu4y
+0.05%9
-0.00C9
+£.023
-C.02¢%
+0.0C5
~-C.002
+C.D04
+0.002
~0.CC5
+0.0G2
-0.0C3
+0.CCS
-0.C1l8
=C.005%
+C.05¢
-C.0C9%
~C.C28
+0.011
-0.00¢
~D.02¢4
-C.C32
+0.051
+C.033
-0.016
-C.C0¢
-C.040
+C.021
+C.013
-C.004
-C.021
+C.026
-C.C1lt
~0.C12
+C.0C3
+0.G11
-c.010
+C.008
-0c.0C7
+C.022
-0.001
-D.Cu40
+C.026
+0.022
+C.024
+C.012
-C.0u43
~C.014

DEPENDENCES,

ve
+C .14
-N.59%
+.82
-C.46
+0.08
-C.20
+C. 14
+0. 24
-C.20
+nL.02
-C.11
+0.07
~0.18
+0.39
~C.17
-C.12
+0.02
-C.02
-0.06
+0.18
+£.,03
-0,01
+0,01
+C.01
-C.04
+C.04
+0.01
=031
+0.29
-0.03
+0.68
-C.59
-C.25
-C.0%
+0,26
-0.10
+C. 14
-C .30
«C.,47
-C.21
+0.12
-C.14
+C,10
~C.17
+0.C%
~0.14
0.7
~C.24%
+C, 07
~Fa2T
=052
+r,u5
+C.19
+C .54
-C.66
-C.30
+r U8
-C.16
=C.17
+C. 15
+0,34
-C. 31
+0.02
+0,07
-C.12
-C .49
+C.21
+0.70
-0.39
-C.03
+C .49
+0 .42
+0 .37
-0.96
-C.32

S
-0.0D4
-c.cc3
+«0.012
-C.01¢
+0.012
-G.002
+0.018%
-0.0%50
+0.058
-0.021
~0.040
+0.034
-0.014
+0.007
+0.012
~0.n21
+0.022
-0.016
+0.008
+0.007
-C.00S
+C.040
-C.030
+0.026
-C.031
+C.010
-C.007
-C.048
+0,082
-0.006
-C.011
+0.006
+0.009
+0.002
-C.N06
+C.002
+C.004%
+C.013
-0.020
«C.001
-0.C10
~-0.C10
+C,054
~C.C01lu
~C.020
+0.010
-G.006
~C.021
-0.030
+0.047
+C.0u4?2
-C.011
-Cc.007
-0.056
+C.03
+C.01¢
-C.009%
-0.019
+0.027
-C.015%
-0.035
+0.035
-0.00S
-0.006
+0.011
-0.000 |
+C.018
~0.011
~0.033
+C.026
+0.026
+0.023
+C.018
-0.050
~-0.017

e

~0.13
-C.16
+0.47
-0.60C
+Cab2
+0.0°
-0.C2
~0.29
+0.30
-C.08
+0.30
-C.26
+0.11
~0.07
-0.08
-G.06
+C.08
~C.06
+0.04
~0.01
+0.22
+C.07
-0.05%
+0.15
-0.39
+0.0¢
+C0.07
~C.65
*0.5¢
-C.06
-C.0%
+C.12
~0.C3
+0.01
-C.01
-C.07
+0.09
-0.24
+C.27
~0.15
+C.11
-0.11
+C. 04
-Cel12
+C.00
~0.06
“C.28
~C.14
+C.C1
-C.0¢
-D.72
+0.47
+0.22
+0.21
~-C.78
-C.37
+0.€5
~-D.28
-0.16
+0.16
+0.31
-0.48
+0.29
-C.12
-0.01
-0.38
+0.06
+C.60
-0.12
-C.16
+0.44
+0.686
+0.12
~0.9%91
-0.32

-0.192856
+0.591735
+C.59CCE34
+0.207506
-0.196919
+0.565993
+0.405840
+0.310119
+0.058391
~C.240342
-C.l64807
+0.061562
+0.787859
+0.308839
+0.006547
+0.100911
~-0.336267
+0.007955
+0.€52905
+0.374497
+0.2214u8
-0.363471
-C.182004
+C.900645
+0.423381
+0.606971
+C.223036
+0.012263
~0.0u48470
+0.206200
~C.1729C9
-0.031608
+0.223682
+C.276552
+0.704283
+C.282959
-C.011211
+C.48C306
+0.331042
-0.083C09%96
+C.329590
-0.212585
+0.251C39
+1.136E05
+C.C9e45]

+C.C72114

+0.034042
-C.166728
+C.657776
+0.355E96
+0.724288
+0.2208e50
~0.285120
+0.467428
=C.1274%4
+C.6273E5
+C.5023¢e1
+0.278627
-0.15%9465
~0.245898
+0.542143
+0.299787
-0.1E1746
-0.254282
+C.592098
+D.148262
-C.121365
+C.279873
+C.213140
+0.479990
+0.21338C
+0.188201
+D.,182964
+0.1851¢e1
+0,230174

CEPENDENCES

-0.192914
+C.5922¢1
+0.5907¢5S
+0.207183
-0.197345
+0.5663°3
+C.405877
+C. 210403
+C.058338
~0.341010
-0.165238
+0.061352
+0.788460
+0.308984
+0.0C6442
+0.100652
~0.336959
+0.007915
+0.853578
+C.37uE12
+0.221317
-0.364146
-0.1£2270
+C.901334
+0.423766
+0.6G7639
+0.222987
+0.011820
-C.049060
+0.206643
-0.172I505
-0.031961
+0.22360C
+0.276959
+C.70u906
+0.2839¢€1
-0.0110%1
+0.479720
+0.330533
-D.083163
+0.229500
-0.2125R7
+C.251C2R
+1.1354%9
+0.096601
+C.07778¢%
+0.038271
~C.1¢5€75
+0.6969C5
+0.35E915
+0.723413
+0.2211¢€3
~0.2850C6
+0.u467185
~C.126774
+C.e26618
+C.5023°1
+0.,2760094
-0.1589¢5
-0.246148
+0,542276
+0.30C165
-0.181280
-0.25449]
+0.59233C
+0.1485728
-0.122309
+0.280234
+0.212972
+0, 480575
+0.212736
+0.188470
+0.183176
+0.1847°0
+0.230828

~0.192862
+0.592826
+0.591054%
+0.20689%4
-0.197913
+C. 566789
+C. 405949
+0.310672
+C.C5829¢6
-0.341707
-0.165612
+0.061084
+0.789121
+C.309098
+0.006299
+0.100574
~0.337657
+0.00772¢6
+0.854496
+C.274862
+0.221292
-0.36u7%
~-0.182575
+C.9C2143
+0.423896
+0.6082342
+0.222€24%
+C.011346
~-0.049566
+0.20705%
-0.174061
-0.032412
+0.22352)
+0.277364
+0.708577
+C.284940
-C.010922
+C.479C033
40330267
-0.,083317
+0.2293¢82
~CeP11638
«C.2500987
+1.134802
+C,.096768
+0L.077345
+0.035689
~C.164950
+C.696027
+C.2I55€78
+0,722648
+0.221565
-0.284899
+C. 466792
-0.126106
+C.625924
+C.5C2356
+0,276489%
-0.158390
~0.24637%
+0.543376
+0.3006€2
-0.180846
-0.254752
+0.591540
+0.148728
-0.123321
+0.280608
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TAELE T+ STAP PESICUALS. DEPFNDENCES,

1
CESEPVATIONS  NC S£C  POSITIONS USED STAF RESICUALS DEFENDENCES
5 ve < ve < ‘e 3 v

46 47 48 99268 +26.631 49.06 *C.006 ~0.21 +0.011 ~0.23 40.004 -C.16 +D.U66196 +0.466107 +0, 466013
99299 +T3.412 22.03 ~0.007 +C.29 -0.015 +0.31 -0.005 +0.21 +0.088324 +0.087768 +C.087168

99280 +40.681 41.€6 +£.010 -De37 +0.026 -0,40 +0.014 -0.21 ~0.022197 -0.022314 ~0.022428

99262 +28.272 21.30 -0.00%9 +0.21 -0.042 +C,22 ~U.040 ~0.12 +C.202E71 +0.203218 +0.203581

99256 +36.8J2 4B.59 +0.001 +0.09 +0.021 40,10 +0.027 +0.28 +0.264806 +0.265221 +0.265666

49 50 £l 99255 +426.059 58473 -0C.014 ~0.05 -0.0C1 +0,14 -D.004 -0.13 =-0.176521 -C.176521 ~0.1763%92
9621C +22.4F1 T4®6  +0.007 -0eZ26& ~0.002 -0,59 -0.003 -D.16 =-0.321168 -0.320573 -0.320103

Q9217 455,341 UT,8S 40007 40453 +0.004 +0,82 +0.012 40,47 +0.126640 +0.126840 +0.127169

oG24t +5E.669 25.08 -(.028 -0.,53 -C.004 ~-C.4 -C.016 ~-0.60 +0.693675 +0.693404 +C0.693061

99263 4284272, 21430 +4C.027 +0.30 +0.003 +0.08 +0.012 +0.42 +0.677373 +0.676850 +0.676266

52 52 S4 99185  +78.10S 58,47 40,010 -0.68 +0.003 -0,20 -0.002 +0.09 -0.096103 -0.095855 ~0.0%95491
©9187 +13.978 17;96 +0.002 +0.77 +0.006 +0.14 +0.015 -0.02 +0.156106 +0.,156264 +0.156406

99210 +22.451 33.96 -C,047 =0.2% -0.C35 +0.24 -0.050 Q.29 -0.077802 -0.0775%29 -0.077121

99227 +08.593 19,91 +40.0SC +0.59 +0.039 -C.20 +0.058 +0.30 +0,18B8578 +0.188723 +C.188650

9e24% +58.66% 25.08 ~0.015 -Ce28 -Ca013 40,02 -0+02) ~0.08 +0.829221 +C.828397 +0.B27555

55 56 57 99234 447,606 15.84 ~0.036 -0.C5 -0.030 -C,11 -0.040 +0.30 +0.498580 +0.498182 +0,497739
99227 +[E.593 19.91. +0,032 +NeC3 +0.026 +C,07 +0.034 0,26 +0.379611 +0.379468 +0.279352

9917C +54.,278 17.68 ~C.009 -C.10 -0.012 -0,18 -C.014 +0.11 <-C.218746 -D.21B067 ~0.217396

es1e7? +13.978 17,46 -~0.0032 40,23 +0.008 40,39 +0.007 <C.C7 +C.082176 +C.082301 +0.082430

©9197  +26.089 17.%4 40C,L16 =0.11 +C.008 ~C,17 +0.012 -C,08 +0.258379 +0.258116 +0.257€76

Se 59 60 g991€7 +17.92¢8 17.46 +(.00f% +C.1° +C.0C5 -0.12 -C.021 -D.06 +0.344380 +0.344156 +0.342698
99017  +fS5.,341 47,85 40,007 +0.29 #0.019 +0.02 +0.022 40,08 +0.738258 +0.737672 +0.736973

eqr1r +72.4F1 Z.96 ~C.004 -0.18 ~C.LC12 -0,.02 -0.0186 -C,D6- +0,738040 +0,337927 +0.237957

$917¢ +S4 278 T.68 +C 010 4C.40 +D.C22 -C.06 +0.008 +p.puy —C.465666 -0 464705 ~0.4623861

$91les #CE.10E 5B.47  -C.017 -0.70 =0.033 +0.18 +(0.007 -GC,01 +C.0u4989 +0.044549 +0.045232

61 62 63 99187 +13,938 17.46 ~C.016 -Ce10 +0.005 +C.03 -0.005 +0.22 +0.242121 +0,242001 +0.241931
G917 +55.341 47.85 +0.01& +0.C0 +0.038 ~0.01 +0.04C +0.07 +C.548307 +0.547776 +0.547241

99210 +22.451 33,96 -0,014 -0.01 ~0.02B +C,01 -D.030 -0.05 +4C.375731 +0.375507 +0.375207

09174 +27.285 36.29 +C.006 -C.0U +C.030 +0.D01 +0.026 +0.15 ~0.256999 -0.256156 -0.255480

G91E5s +Z8.105 58447 +0.C06 +0.14 -0.045 -0.D4 -0.031 -0.39 +0.090840 +0.090871 +0.091102

b4 65 €6 99175 +84.27¢8 17468 ~0W016 -Coll ~0e012 -Co0% =D.C0U +0.04 -0.146622 ~0,145669 -0,144677
9185 +28.105 58447 =0.011 -C.38 ~0.030 -0.21 -0.037 -0C.56 +0.074411 +0.0764644 +0.D748BS

99186 +UILHET  20G.97 +0.0485 +0.68 +0.060 +0,42 +D,063 +0.59 +0,088021 +0.088205 +0.088326

99210 +72.451 33,96 +C.000 +40.C2 +C.002 +C,01 +0.003 +0.04 +0.680624 +C.67985]1 +0.679135

99197 +26.089 17.94 ~0".019 -0.21 ~0.020 ~0,14% -C.0)4 -C.11 +C.303576 +0.302969 +0,302330

67 68 69 ©9187 +12.,978 17.46 =~C.001 +0.45 +C.023 +C,68 -0.011 -0.09 +0.611530 +0.611007 +0.610220
991€E¢c +28.105 58.47 -0.002 -0.48 ~0.029 -C.59 +0.006 +0.312 +0.542228 +0.541705 +0,541438

99175 4T4.278 17.68 +C.004% -0.10 +0.005 -0,25 +0.009 -0.03 +0.351122 +0,351062 +0.251042

GF162 446,577 15,84 40,000 -C.06 -0.002 -0.09 +0.002 +0.01 =~0.354663 ~0,354341 -0.353950

99150 +33.975 21.67 ~C.002 -+0.15 +0.004 40,26 ~0,006 ~0.01 ~0.150187 -0.149433 -0,148749

70 71 72 99317 +C7.416 58.81 -C.009 -CW439 ~C.007 -0.49 -0,000 -0.38 +0.123909 +0.,124250 +0.124455
99316 +05.726 43.50 +0.022 +0.23 +0.022 +0,21 +0.018 +0.06 +D.347687 +0.346615 +0.345628

99292 +I3.412 22.03 +0.002 +0.52 -C.001 +C.70 ~C.011 +0.60 +0.131108 +C.131522 +0.121890

99285 +58.6E3 54,55 -0.039 -0.42 -0.040 -0,.39 -0.033 ~0.,12 +0.257847 +0.257565 +0.257255

59271 +43.332 54,15 +0.025 +0.06 +0.026 =D,03 +0.026 ~D.16 +0.139450 +0.140047 +0.140671

73 T4 75 89299 +33eH412 22.03 +0.018 +0.47 +0.022 +0.49 +0.026 +0.44 +0.640648 +0,640140 +0.,639528
99271 +42,32 SU.15 +C.021 +0.35 +C.024 40,42 +0.023 +D.66 +0.046026 +0.046158 +0.046336

G9l6F +26.631 49.06 +C.009 +0.40 +C.012 +0,37 +0.018 +0.13 -0.0D4847 -0.004686 -0,004452

9928L 458,683 54.55 ~0.036 -0.92 -C.043 -0.96 -0.050 -0.91 +C.358034 +0.357675 +0.357320

99262 +Z8.272 21.30 -0.012 -0.30 -0.0!4 -0.32 -0.017 ~0.32 -0.039861 -0.039286 -D.03B732

76 17 78 99268 +26.631 49.36 +Ce006 ~0e21 +0.011 -C.23 +C.004 ~C.16 +D0.393681 +0.393607 +0.391506
99299 +73.412 22.03 -C.007 +0.29 -0.015 +0,31 -C.005 +0.21 +0.45C752 +C. 450159 +C.449578

¢o2eCl +UC.6E1 41.86 +C.010 -0.2 +C.026 -C.40 +0.0184 ~C.21 +0.137413 +D.137311 +0.137173

99263 +7B.272 21.30 -~C.009 +0.21 -0.042 40,22 ~0.040 ~0.12 +C.023474 +0.023775 +0.024141

99256 +36.822 48.59 +0.001 +D.0C9 +C.021 +0,13 +0.027 +0.28 ~D.D0OS319 -0.004852 -0.004398

19 80 B1 118631 +C5.807 21.27 +C.024 ~C.20 +0.02C -0,.16 +0.023 -G.36 +0.705164 +0.,705283 +«0.705372
118644 42,741 41.47 -C.012 +0.30 -C.C11 -0,16 ~C.CC5 +0.27 -0.102861 ~0.,102194 -0.101889

118657 +SE 786 D6.88  -0.034 +0,23 -C.028 +0.57 -0.043 +0.42 +0.170130 +0.170056 +0.170225

118676 425,402 29,89 +0.026 ~0425 +C.022 -C.15 +0.025 -0 42 -0,378020 -0.377987 -0.377723

E 11686 +1u4.571 16.75 =-0.003 +0.11 -C.D03 -C.09 -C.000 +C.09 +C.605588 +0.604872 +0.604015
i g2 8z 84  1186CE +59.527 19.83 40,005 +0,11 +0.C08 +C,.10 +C.009 +C. 08 +0.532997 +0.532652 +0.532291
118619 +28.1E3 0%9.19 ~0.018% -0.20 -0.020 =-C,.38 -C.022 -C.13 ~0,41ET6Y ~0.417613 ~0.416454

illeehun +43.741 41.47 +Ce021 ~04C6 +0034 ~C.10 +C.033 -0.13 +0.06356) +0.D63758 +0.062930

118649 +29,5°%1 19.00 +0.007 +0.61 +0.005 +C,63 +0.012 *0.55 +0,230414 +0.230237 +C.230112

118657 +CBLTE6 D6.E8 ~0a02C -Ce87 =-Co027 -0 45 -CoC31 -0.37 +0.591792 +0.590965 +0.590120

3 &6 g7 112606 +£9.527 19.63 +0.008 =0.C8 +0eD11 -G, 14 +0.010 -D. .06 +0.,272416 +0.272049 +0,.271602

118622 +Ce.B00 15.85 -0.008 +C.31 -0.005 +0,57 -C.006 +0.28 +0,196288 +0.196672 +0.197086

118619 +22,1E3 09.19 -C.0l4 -0.10 -D.024 -0,24 -£.021 ~0.14 +D.183170 +0.184116 +C.185104

11EEE2  +TE.TEE DE.EBE8  =0.022 +0.07 ~C.033 40.07 -C.C30 +C.01 +0.182572 +0.1€1647 +C . 180703

118¢&44 +42.741 41.47 +0.038 ~T419 #C.0S) ~0,27 +C.087 -0,0% +0.165554 +0.165517 +0.165505

g8 ge 0 118631 +CELELT 21,2 +0.042 -Te76 +C.033 -0.52 +C.082 ~C.72 +0.,2025%42 +0,202139 +C.201254

118621 +I2.90¢€ S8.84 =010 *0.24 -C.C16 +D,45 -0.C11 +Cc.u47 +0.260772 +40.2¢1176 +C.261577

l11eses #7012 T 3.97 -C.00¢ +0.14 =C.C08 +0,19 -0.007 40,22 +0.D99514 +0.099567 +0.099682

l18€22 +l6.E00 15.85 ~C+C57 +C.98 —0.040 +0,54 -C.056 +g.e1 +C.214920.+0,2145%6 +0.214246

118602 475,749 25,40 +0 030 =0.60 +0.C31 -N,66 +C.031 ~0,78 +0.221E52 +C.222523 +0.227241
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H. Debehogne, V. Protitch—Bem'shék, D. Olevié

TAPLE 2. STEP PFSIDUALS. COPFNDENCES.

CRSLRVATIONS NC 320 POSITIONS USED STAP FESICUALS ~ DEPENDENCES
i

< e, ve [ (R} < 'K

L | 9z 937 118611 +T5.807 21l.2 +C.032 -C.4€ +C.012 -C.30 +D.016 -0.37 +C.1769032 +0.178324 +0.17768C
116619 +78.183° £%.19 =C.019 +C.75 -C.004 +C,48 -C.CCS +0.65 +0.334575 +0.334576 +0.734609
116602 +35,749  22.40 -C.025 -C.28 =C.021 -C.16 ~0.01% -p.28 +0.365332 +«0.36£5826 +0.366230
11857%¢  +T6.445 27.°0 +C.051 =0 24 +0.026 -C.17 +0.027 -0.16 +0.209839 +C.210413 +C.210927

llecey -C.C2% +£.22 -0.014 +C.15 -C.D1% +D.16 ~-C.nge778 -C.089139 -C.089446
94 9% %6 lleeld ~F.010 40422 -0.012 +0.34 -0.03¢ +0,31 . +0.418C09 +0.418317 +C.418517
1186C2 +C.00€ ~C.20 +0.003 -C.3X] +0.035 -0 48 +0.449C74 +0.449633 +C.450087
J1€5ES +0.001 +C.02 +0.C11 +0.82 ~C.005 +0.29 +0.248231 +0.248677 +C.2491E9

118594 448,102 27.11 -0,003 +C.0¢ -0.010 +C.07 -C.006 -B.12 ~-0.102560 -C.102971 ~0.103296

116631 +05.8C7 21.27 +C.004 ~D.C7 +C.0C8 -0.12 +«0.011 -D.01 ~0.0127%4 -0.013656 ~C.0144986

97 98 99 118614 +C03.EZ1 51.£2 ~0.026 +C.41 -0.025 +C.16 -0.027 +C.36 +C.286906 +C.286181 +0.285512
118604 +39,6U0 30u31  +0,034 =0.50 40,033 -0.23 +0.03¢ -0.52 +0.365613 40.365761 +0.365861

116564  +4g.102 7.11 +C.022 ~C.CS +0.017 ~0C.01 +0.017 +0.03 -0.077241 ~0.077924 -0.078634

118EEE 445,972 32.11 ~-C.032 ~0.14 -0.022 ~0.07 -0.021 ~0.27 +0.122096 +0.122391 +0.122647

118%82 +14463 54,28 +0.002 +0.26 -0.003 +C.15 -0.005 +0.41 +C.302625 +0.3035%1 +0.304613

100 1C1 102 118597 +C4.7CC O0l.04 ~G.02€ +C.C3 -0.028 ~0.06 -D.0C21 ~C.04 +C.265838 +D.264763 +0.263715
118576 +25.662 08.85 ~-0.041 +C.06 -0.020 +0.58 -C.02C +0.18 +C.u437863 +0.438630 +C.435262

118562 +C6.8TC 42.16 -C.01& +C0.C2 -C.CC7 +C.26 -C.COB +0.08 -0.206288 -0.206269 -0.20629%0

118582 +14.,639 54,28 +0.063 -0.08 +0.059 -C.02 +C.046 +0.03 <+C.266574% +0.266747 +0.266514

118571 +r9.e36 52.81 +0.022 -0.04 -0.004 -0,76 +0.002 -0.26 +0.235613 +0.236129 +0.236799

104 105 118T13 +15.880 22.28 +L£.089 -C.14 +0.061 ~C.21 +0.046 -0.22 -0.165701 -0.165C35 ~C.164355
118531 427.060 5C+97 =-C.06C +C.2F ~L 065 40,12 -C.055 +0.33 -0.386152 ~0.386585 -0.386796

118554 < +5£.935 (07.80 +C.039 =C.22 #C.,028 -C.02 +0.03% ~C.24% ~-0.130887 =0.121474 -0.132213

118€71 +0%9.836 52.81 +C.C1S +0.C1 +0.022 -C.13 +0.014 -0.04 +1.C69929 +1.069668 +1.069351

118524 +76.38C 28.19 ~C.042 +C.C8 ~-C.056 +C.24 -D.040 +0.16 +5.612811 +0.613387 +0.614013

106 107 108 118631 +05.6C7 21.27 +C.031 -D.96 +0.040 -0,70 +C.C36 -0.54 -0.250952 -0,.251371 -C.251873
© 118644 +43,741 41,457 ~C.001 +C.66 +C.004 +0,63 -0.003 +0.88 ~-C.202064 -0.203163 -0.20u4128

116622 +06.60C 15.85 ~C.C4t +0.78 -C.065 +0.41 -0.052 +0.51 +C.188044 +0,188447 +0C.1888°%1

118621 +32.926 58.44% +C,.C023 -C.12 +0.034 +C,05 +0.025 +C%10 +0.837785 +0.839182 +G.840585

116642 +21.419 30.18 -T.C06 -0.35 -C.012 ~C.39 ~C.C06 -0.55 +C.427187 +0.1426904 +C.426565

109 3110 111 118619 +2B.183 09,19 -C.055 =-0.21 =-C.060 -C.16 -C.064 -C.14 +C.232I08 +0.233u48 +0.232592
118C44  +42,741 4].47 +0.C27 -0.23 +0.C29 -C.26 +0.042 -C.26 -0.051418 -D.0S1725 ~C.CS2016

118649 +09455%1 19.00 +C.C25 +0.41 +0.019 +0.39 +C.020 +0.37 -C.)14%9146 -D.149559 -C.149984

118673 +56.557 52.C04 -—[.02% -C.11 -C.027 -€C.09 -C.028 ~0.0P +C.166749 +C.166580 +C,.166392

118607 +26.608 S3.87 +0.028 +D.1¢ +0.029 +C.12 +0.031 +C.11 +0.e005C8 +0.8012%6 +0.802C16

112 112 11 99217 +[7.416 S8.81 -C.00° -0.39 -C.0C7 -C.49 -0.000 -0.38 ~-C.513390 -C.512089 -0.512878
99216 +05,726 42,50 +C,022 +C.23 +0.022 +0.2]1 +0.018 +0.06 +1.146539 +1.,145353 +1.1442]1

$9209 +23,412 22.03 +C0.002 +0.52 =0.001 +C.70 -0C.C11 +0.60 ~0.214315 -D0.213986 -0.312524

$6285 +58.687 54,55 -C.039 -D.42 -C.C40 -N.39 -0.033 -0.12 +0.715206 +0.714957 +C.714609

99271  #43,332 54.15  +[.C2E5 +C.06 +0.026 -C.03 «0.0Z6 -C.16 ~C.C34039 -0.0332235 -0.032418

iy 316 I17 99268 4264671 49,06 +C.C36 +C.58 +0.040 +0.S6 +0.050 +0.38 +0.4$2264 +D.492432 +0.492651
992ET  +TLLEET  54.55 =0.027 ~C.35 -C.040 -C.57 ~0.0u8 =~D.22 +C.523452 +0.523404 +0.523216

99263 +428.272 21.30 -C.017 ~C.32 -0.014 -C,18 -C.017 ~0,15 ~-0.32C782 -0.320235 -0,319691

09T17 407,416 SELEL 40,023 +0.UF 40016 40,2] +0.021 0,20 -0.116680 -C.11BR28 -C.119117

916 +MT,72( HILSU  ~T.C15 =036 =C.003 ~C,.02 -C.005 010 +0.427716 +0.423227 +0L 422800

118 1I's 120 118430 +12,571 26405 -0.01C #0472 =C.010 +C,28 =C.C08 +C,28 +0.035740 +0.036109 +C.N364%E
110457 +02.974 18,93  +0.006 =0.20 +0.006 -0.18 +0.005 ~C,23 +C.337C76 +0.326024 +0.2335C13

11EL4E  +77.946 47.54 -0,003 +0.C1 -C.C04 +P, L2 -C.000 40,17 <+C. 471142 +0.470415 +0.469762

118426 12,404 29,68 =0,.0C0C +0,19 +C.002 +0.12 -D.C0S ~C.12 +C.203C79 +C.203314 +C.207508

T1FL2C  +CCW4f€ 35,17 +0.007 =032 «C.0C6 -0,26 +0.008 ~C,20 ~0.C47038 -C.045861 -C.044740

121 122 123 118434 +12.474 29.68 +[,CDE +4C.34 +C.011 +0.44 40,006 +0.12 +C,487348 +0.486348 +0,485324
11842F 444,987 04.82 ~-0.004 ~C.2) -C.008 =C.29 +0.00C +0.06 +0.296736 +0.296894 +0.297149

l1ig4ce - +71.871 06.85 -C.C09 -C.28 -C.0C6é6 -C.31 -C.01& -p.u47 -C.04325C -0,042160 -C.040991

116412  +22.099 26.42 <+C.C15 +C.5€ +C.Cl4 +C.66 *0.025 +0,62 -C.00985S -C.0092%9 -0.008660

118429 +22.32€ 31460 -C.010 ~C 40 -CeC12 ~C,.50 -C.013 -G.32 +C.26912C +0.268176 +0.267177

124 125 126 1184CE +%1.821 O0&.ES5 ~C.C0! -C.C7 +C.C14 -C.1) +C.006 +0.14 +0.0%6454 +C0.097012 +0.097771
i 118426 +S5C.486 35.17 +C.005 +C.Cl +C.DC5 +C,.06 +0.004 -D,0% +0.531555 +C.530561 +0.529604

11E425 +L4L,.983 Q4.2 -0.CO06 +0.C2 -C.C12 -C.04 -D.008 +0.06 +0D,481518 +0.440548 +0.439279

118LLS  +41,746 SB.57 +0.010 -0.1C +0.032 -C.04 +0.019 +0.01 <~C.C15606 -D.C18931 -C.C18491

11p6Cl +23.895 19.70 ~-C.C0& +0.1% -C.C39 +C.13 -5.021 -C.12 ~0.049921 -0.049190 -C.Cu42163

107 128 129 11E39S +CE.6E8C 33.49 -C.025 -C.CS5 -C.020 +B.31 -C.C2€¢ +0.31 <+C.C24863 +C.C25195 +C.C254u7
118277 +13.8C03 34,30 +0.010 +0.C2 +0.0C8 -C.07 +0.01C -0.07 +0.022386 +0.022201 +0.C24118

11R40f  +T1,.6871 06.85 +G.006 -0.2%9 +0.009 ~C.37 +0.008 -0.34 +0,234100 +0.232924 +C.232753

118412 +22.099 29.42 +0.C17 +C.21 +C.012 -C.0% +D.016 -0.05 +0.194415 +0.194071 +0.192683

118425 +44,.,9EZ Q4.&82 -C.008 +C.0C5 ~-0.008 +C.17 -C.CC® +0.16 +0.524227 +C.523600 +G.523000

130 131 122 11839% +CE.6E0 33.49 -C.008 -0.09 -0.008 -0,02 +0.000 +0.1C +0.134278 +0.134422 +0.134548
118408 +£1.221 06.85 +C.020 +C.11 +0.C15 +C.16 ~-D.CO4 +0.04 +C.272351 +0.371575 +0.370813

11f40]1 +23.895 19.70 -C.027. -C.C2 -C.014 -C.35 +0.C10 -0.39 +0.295461 +0,295137 +0.294877

1184CS  +41.,746 S58.57 +C.008 -0.05 +0.001 +0.,16 -0.005 +0.26 +0.327407 +0.326969 +0.326612

118779 +20.268 43,25 +C.007 +0.C5 +0.0C6 +C.05 -0.001 -0.01 -0.129497 -0.128113 -C.126649

133 134 3135 11E8T79% +05.6EC 33.49 -(C.012 -C.43 -C.010 -CG.07 -C.021 ~0.40 +C,154427 +0,154784 +0,155092
118408 +£1.871 06.85 +0.02C +0.33 +Cw016 -0.02 +0.032 +0.22 +0.,04CC06 +0.432881 +0.4376815

118397 +05.582 48.67 =-0.030 -0.13 ~0.024 40,15 -0,04F -0.16 +0.327758 +0.327081 +0.326293

11ETEE  +47.499 46,40 +0.029 ~0.25 +0.022 ~U.28 +0.041 -0e19 +0,096095 +0.0C96495 +0.096964

118279 +20.268 42,25 ~-C.007 +Q.49 -0.005 +0.22 ~-C.006 +0.43 -C.C18286 -0.017241 ~0.016165

[
[w]
w
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294 PHOTOGRAPHIC POSITIONS OF MINOR PLANETS OBTAINED
WITH THE GPO TELESCOPE OF ESO — LA SILLA IN 1987

TLELE 2o STEP FESICUALS. DEPCNDENCES.

:
CESFPVATIONS KC SAC  PCSITIONS USFD STAF PRESITUALS

s e s . < e s o

136 137 138 11868 +26.640 OCO4.71 =-C.020 -0.50 -C.C26 -0B.44 -0.02)1 -0.39 -C.329499 -0.327780 ~C.225891

11£779 +20C.26€ 43.25 +C.,024 +C.€6 +0.024 +C,62 ~C.007 +0.74 +0.247840 +0.247855 +0.247671

116271 442,842 11.25 ~[.C0S -C.26 -0.0C2 -C.16 +0.012 -0.24 +0.394962 +0.394795 +0.39484C

‘ 118397 +25.582 4B8.&7 ~0.013 -C.24 -0.016 -0.29 -C.C11 =0.27 +0.764928 +0,762717 +C.76C371

118784 +45,292 39.32 40,014 +0.24 +C.020 +C.26 +C.027 +C0.15 -C.078220 -D.077587 -0.C76950

139 i4C 141 99317 +C7.416 58461 ~0.009 -0.39 -C.007 -C.49 -0.000 ~C.3E8 +0.326276 +0.226247 +0.3263C9

99716 405,726 43,50 +0.022 +0.22 +D.022 +0.21 +G.N18 +C.06 ~C. 444983 -0 446000 -C 447077

6929° 473,417 22.03 +0.002 +0.52 -0.0C1 +C.70 -0.011 +0.60 +0.434437 +0.436796 +0,435132

95285  +58.682 54.55 -0.039 -C.42 -D.040 -C.39 -0.033 ~0.12 +0.079228 +0.079174 +C.079119

99271 443,332 54,15 0,025 +0.C6 +C.026 ~C.02 +0.026 -0.16 +0.605043 +C.605782 +0.606517

142 343 144 99299 423,412 22.C3 40.G1€ +0.47 +C.022 +0.49 +0.026 +C.44 +0.108670 +0.107679 +0.106693

TSIT1 #43,332 54,15 +0.D21 40J35 40,024 40,42 +0.023 +C.66 +C.194580 +0.194915 +C,.195252

99268 4264671 49.06 +0.009 +0. 40 +0.C12 +0J37 +C.018 +0.13 +0.184966 +0.185403 +0.185815

978°  +TB.6E3  54.58 =0.036 -0492 ~0.043 -C,9 -0.0%0 ~C.91 +0.062968 +D.062582 +0.062189

©9263  +2€.272 21430 -0.012 -0J30 -C.014 -0,32 ~C.017 =0.32 +0.448815 +0.449420 +0.45C050

5 146 14T 99068 476,671 49.06 +0.006 -0.01 404011 =0.23 +C.008 -0,16 +C.H4U6L01 +C,44LTT2 +0.446922

$9299 43,412 22.03 -0.007 +0.29 -C.015 +0.31 -0.0C5 +0.21 -0.143697 -D.144509 -0.145320

99TEC  SUD.6E1 41,86 40,010 -La37 40.C26 ~0.40 +0.014 =0.21 -0 676116 -D.076518 -C.C76842

OGTET  4DELZTZ  21.3C ~C.009 +0e0) ~C.042 +0,22 -C.040 -0.12 +0.232336 +C.322803 +C.333213

‘ PGIEC  +TE.EIC  4ELE9  4C.0C)1 #0.C9 +C.021 40,10 4C.027 40,28 40, LH2ETT 40.u44345]1 +D.4u4C28

ME 18§ 1S3 S92ET 416.0T9 58,73 -[,014 -0.C5 -C.CO1 +C,.14 -C.004 -0.13 -0.200399 -0.200539 ~C.20C621

°elir  +2.4T1 33.96 +[.007 -C.2& -C.CC2 -C,59 -0.00% -C.16 ~-C.D82580 -C.0B19CO -C.CB1286

99517  +TE.341 47.£5 +0.007 +C.EX +CG.C04 +0;82 +C.012 40,47 +0,257610 +05.257923 +C.252405

SSTUT  4TEL.6E9  25.08 -l 028 -N.53 -0.004 <C.46 -C.Cl16 ~0.60C +0.577598 4G.577329 +0G.577041

OS267 408.072 21.30 40,027 +0.20 +C.CC3 +0,08 +0.012 +0,42 +C.G4TT71 +C.447176 +0.446462

151 152 153  ©91g5 +T€.105 S58.47 +C.010 -C.68 +0.003 -C.20 -0.N02 +0,0° +C.188576 +0.189045 +0.1895u4

99187 +13.93E 17.46 +C.002 +0.77 +0.006 +C.34 +0.015 -0.02 +0.375365 +0.375833 +0.2I76174

9921C 422,41 33,96 ~C.047 -0.29 -0.03S +C.24 -0.05GC -0.29 =-0.0€3168 -0.083152 -0.382888

29227 +C8.593 19,61 +0.05C +0.59 +0.0329 -C.20 +0.058 +p.30 +0.017663 +0.C17551 +0.017252

$SI4T  +5E.6€9 25.08 ~-C.015 =C.38 -C.C13 +C.02 -0.C21 -0.08 +C.S01564 +0.500724 +0.499919

154 155 156 99234  +47.6C6 15.84 -C.036 -C.05 -0.030 -C.11 -C.04C +0.30 +0.2021€5 +0.201651 +CG.201054

9GICT  +0F.EST 19,91 +0.032 +C.C3 +C.C26 +C.07 +0.034 -C.26 +C.108281 +0.1079232 +C.107578

90175 +F4.278 17.68 ~-0.009 =-0.10 -0.012 -C.18 -0.014 +0.11 +0.109429 +C.110126 +0.110889

99187 +12.S3F 17.46 ~—-D.CO3 +40.23 +0.CC8 +0.39 +0.007 ~C.CT +0.239472 +C.2396B3 +0.239947

99197 +26.CE9 17.94 +C.C16 =-C.11 +0.0C8 -0.17 +0.012 -0.08 +C.340652 +0.340609 +C.340532

157 158 159  9S1ET  +13.93E 17.46 +C.005 +C.19 +0.005 -0.12 -0.021 -0.06 +C.532585 +0.532697 +C.532711

CEPENDENCES

l 95217 +55.341 47.85 +0.007 +Ce29 +0.019 +C.02 +C.022 +0.08 +0.,321743 +0.321070 +G.320272
°§21C +72.4%1 33,96 -r.004 -C.18 -C.012 -P,.02 -0.016 -0.06 ~0.134106 -C.124623 -C,.135105

99175 +f4.278 17.68 +C,.010 +C.40 +0.022 -C,06 +0.0C8 +(0.04 -0.019582 ~-C.C186C6 -C.017720

G918¢% +28.1C5 5€.47 -C.C17 -0.70 -C.033 +0.18 +0.007 -0.01 +0.299260 +C.2994¢61 +0.29%¢€41

160 161 162 991€E7 +12.928 17.46 -C.016 =-0.10 +0,.005 +0.03 -0.0D5 +0.22 +0.554456 +0.554540 +C.554675
' 99717 +55.341 47.85 +C.018 +0.00 +C.C38 -C.01 +0.040 +0.07 +0.133275 +0.132535 +0.131825
9621C ©~ +22.4%1 33.96 -C.014 -C.C1 -C.C28 +40.01 -0.020 ~0.C% ~0,.229119 -0.229667 -0.230263

99174 +77.385 36.29 +0.DB0B6 -0.C4 +0.030 +0.01 +0.026 +0.15 +0.131087 +0.131896 +0.132658

99185 +28.1C5 S5B.47 +0.006 +D.18 =-D.0H5 ~-C,04 ~C.0321 -0.29 +C,41C262 +0,410696 +0,411095

165 06185 432,975 21467 +0.012 +0.20 +C.C17 +C,04 +0.010 +C.05 +0.,01CIC% +0.010877 +C.011632
9G17E  +54,278 17.68 -0.020 ~0C.26 ~0.024 +C,D01 -C.007 +C.07 +0,176198 +0.175679 +C.175772

©9185  +2ELI0S  SBLHT  =[.025 =057 -C.088 ~C,31 -0,048 -C,6% +0.273I304 +0.272658 +0.272036

$9186 . +U43I.HET 20.97 +(.038 +0.73 +0.059 +C,29 +0,052 +0.58&8 +0.305599 +0.304963 +0.704282

991e2 +UeETT 15484 ~-C.00& ~0.11 -C.009 -C.03 -0.C06 ~-C.06 +C 234790 +0.235524 +0.236277

168 9186 +L43.487 20.97 +0.059 +0.50 +C.0%1 +0.59 +C.049 +0.66 +0.042595 +0.041912 +C.041227
99167 +13.93¢ 17.46 -[.033 -C.C1 -0.C11 +0,03 -C,02Z3 -0a.46 -C.046E10 -0.0u7969 ~-C.O0UT0LY

9918S +28.1CS SBel7 -C.024 -C.62 -0.048 -C,&8] -0.012 ~-0.12 +0.137C20 +0.136784 +0.136472

SSlTE +84.278 17.68 +C.001 +C.18& +0.012 +C.24 -C,002 -0.04 +0 457794 +0.458950 +0.46C0C69

99162 +46.,577 15.84 -C.003 -0.04 -D.OCY -0,05 ~0.002 -0.03 +0.4C9400 +0.410323 +0.4112821

171 99317 +07.416 SB«E1 “C.C09 =0e39 -0 0C7 ~C, 49 ~C.O00 ~Ce3E +0.867894 +C.86806]1 +0.268321
99716 +05,726 43,50 +C.022 +0.23 +0.C22 +C0.21 +C.015 +C.C€6¢ ~C.4832585 -0.48uS8Y -C.u4B85€S1

G696  +TT.412 22.03 +(0.002 40eS2 =C+CC1 +C.70 -CaDl1l *C 60 +0.620667 +L.621120 404621476

0GZ8S +5E.6E3 54.855 -0,039 -C.42 -0.040 -C.3%9 -0.C22 -0.12 -0.269798 -0.269981 -0,270091

€9771 442,332 54,15 +0.025 +0.C6 +0.026 -C.03 +0.026 -D.16 +C.264822 +C.265383 +0.265945

174 CGrER  +76.631 49.06 <+C.036 +0.58 +0.040 +0.56 +0.080 +0.38 =0.140153 =0,3148052 -C.163955
9GTEC  4TL.6ET SH .55 —[.027 =C.3% ~C.040 -0C.57 -0.048 =-0.32 -0.107102 -C.107241 -0.10727%

96263 28,272 21.30 -0.017 -C.32 -C.014 ~C,18 -0,017 =0,15 +0.574120 +0.570665 +C.575133

9GZIT +07.416 5E.E1 +0.023 +C.45 +0.Cl6 +C.21 +C.021 +D.2C +C.586601 +0.5B6u413 +C.SBE2US

99216 +05.726 43.50 -C.015 -0.36 -0.003 ~C.02 -C.0CS -C0.1C +0.0906525 +0.09C214 +C.Ce985¢S

177 99268 +26.671 49,06 +C.006 ~0s21 +0.C1l1 -0 ,23 +0.004 <0.16 -0.252C099 -0.252209 -0.2522¢83
99299 473,412 22.C3 ~C.007 +0.2° -C.015 +0.31 -0.005 *0.21 +C.333684 +0.333C73 +0.232443

992Er +u4C.e81 41,86 40,010 -0.37 +C.026 -C.u0 +C.0l4 ~C.21 +C 560665 +C.56057¢ +C.56C454.

00267 478,272 21.3I0 -NL.C0S +0.21 -C.042 40,22 -C.04C -0.12 +0,225243 +C.2255%5 +C.225€72

fOICE 4TELEID  UELE9 40,001 +0oC® +0.G21 +0,10 +C.027 ¢Ce2f +C.1325C7 +G.123002 +C.133514

120 9517 +C7.416 SE.E1 -{.009 -C.3° -C.0C7 -C,49 -C.000 -C.3¢ +0.563822 +0.563702 +0.5627C3
0% 16 +CE.7c¢ W4I.%0 +r.022 4023 40,022 «C.21 +C.018 +0.D06 -0.7864E3 -C.787377 -C.78B8287

CGT09  +TI.,412 22.03 +0.002 +C.52 -C.CC1 +0 .70 -0.C11 +0.60 +C.612590 +0.612937 +C,.614216

GooRE +C8.683 54.55 -C.039 =C.42 =Co040 -0 ,.29 -D.C33 =-0.12 -C.092955 ~C.D62951 -C.29391¢4

G671 +43,332 54,15 +0.C25 +0.06 +0.026 -C,03 +0.026 -0.16 +0.702996 +C,.702689 +C. 704362
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ORSEPVEATIONS KC 5EC  POSITIOLS usebD : STAP RESICUALS CEPENDENCES

3 .ove Cn e v € ‘e S vy

1683z 382, 123 99209 "~ +I3,412 22.03 +C0Li01E +0 47 +0.022 +C.49 +D.026 +0.44 +0.154388 +0.153438 +0.152493
99271 +43.332 54.15. 4C.02]1 4C.35 +0.024 +0.42 +0.022 +0.66 +0,133507 +0.132841 +0.134190

99266 4264631 49.06.7 40,009 +0.40 +C.DIZ +C.37 +D.018 +0.13 +0.0S4263 +0.094693 +0.095089

092pE  +TE.6P3 54,55 -0,036 --C.92 -C.043.-C.96 ~0,050 =-0D.91 -0.0UE603 -C.DUESS4 ~D,047288

RG2€2 +J6.272 21430 =-0o012 =0.30 =C.014 ~0J32 -0.017 -0.32 +0.664445 +C.6649E3 +0.665516

184 185 186 99ZEE 4264671 49.06 +[4006 -Ce2) +0.011 ~0.23 +0.004 -0.16 +0.285715 +C.285895 +0.286107
' 99299  +I3.412 22403  -0.007 40429 -C.015 40,31 -0.005 +0.21,  -D.207853 -0.208617 -D.209363

" 99IEC  +4C.6E1 41.86 +0.010 -0.37 +0.026 :—C.40 +0.014 .-0.21 . +0.017469 +C.017071 +0.016731

99263 4264272 21430 04009 +0e21 =C.042 40422 -0.080 .~0412 +C 400997 +0.401442 +0,401796

Ea | 09256 +T6.,E22 HELS59 +0.001 +0.09 40,021 +0,10 +0.027 +0.28 +0.503671 +0.504209 +0.504749

LET - 188 1 1B9 99256 +T6.802 UEL59 +0.011 40,47 +0.021 +0.38 40,023 +0.38 +0.219725 +0.219280 +D.218846
9263 - +084272 21430 -Ce004 =Ce24 =0o019 -Cu24 -0.013 +0.08 +0.,098573 +0.,067703 +0.096756

99250 +0Z.619 46.06 ~0.004 -0.10 +0.005 ~C.03 -0.004 -Ce39 -0.114554 =0,114849 =0,115062

99227 +08.593 19,91 +0.002 +0.0C3 -C.004 -0.00.+C.001 +0.22 +0.188219 +C.189417 +0.190500

9928EF  +0LE.669 25.08 -0.004 -0.16 -D.002 -C.1D -0.007 -D0.25 +0.608C038 +0.60P448 +0.60896)

190:. 191 192 991ES +78.105 58.47 +0.010 ~C.68 +0.003 -0.20 -0.062 +0.09 +0.183953 +0.184516 +0,185013
99187 +13.93€ 17.46 +0.002 +0.77 +0.006 +0.14 +0,015 -0.02 +0.280822 +0,281292 +0.281636

§921C +22.451 33.96 -C,047 -C.2° =-0.035 40,24 -0.050 -0.29 +C.056904 +C.056948 +C.057105

99227 +CE.553 19.91 +0.05C +0.59 +0.039 -C.20 +0.058 +0.30. +0,113897 +0.113672 +0.113393

99245  +58.669 S.08 =~C.C15 -C.3R -C.0J3 +C.02 -0.021 -0.08 +0.36441% +0.362572 +0.262853

193 194 195 99234 447,606 15.84 -C.036 -Cs0S =-0.03C -C.11 =-0.040 +C.3C +C.194424 +0,.193906 +0.193410
9922 +084593 19,91 +0.032 +0.C3 +C.026 +D0.07 +0.034 -0.26 +C.177943 +D.177561 +0.1771%¢4

99175 454,278 17.68 -C.009 -0.10 -C.012 -C.18 -0.014 +0.11 +4C.19C222 +0.190883 +0.191499

99187 +12.928 17.46 -C.003 +C.23 +D0.008 +0.39 +0.007 -C.07 +C.210308 +0.210541 +0.210773

99167 +26.089 17.94% +[.016 -Ce11 +0.008 -C.17 +0.012 -C.08 +0.227103 +0.,227109 +0.227124

196 197 198 99187 +13.938 17.46 +0,005 +0.19 +0.005 -0,12 -C.021 -0.06  +0.406888 +0.407032 +0.407104
99217 +E5.341 47,85 +[.007 +0.29 +0.019 +C.02 +0.022 ¢0.08 . +C.268597 +0.267915 +D0.267121

9921 +22.4f) - 33.96 -C.004 -C.18 ~0.012 -C.02 -0.016 ~0.06 =-0.C11996 -0.012560 -0.013108

99175 +fH.278 17.68 +0.010 +0.40 +C.C22 -C.06 +0.008 +0.04 - +D,071790 +0.072688 +C.073575

99185 +28.1C5 58,47 =-C,017 =0.7C ~0.033 +C.18 +0.007 ~0.01  +0.264721 +0.264925 +0,.265308

1995208 20} S91ET7 +13.938 17.46 ~C.016 ~Cell +Ce00S +C .03 -0,005 +0.22 +Ce465032 +0. 465220 +0.465362
99217 +55.34]1 47.85 +C.018 +0.CD +0.C38 -C.01 +0.040 +C.07 +C.10P131 +0.107395 +G.106679

©921C 4224471 33,96 =-N.014 =-C,C1 -0.028 +0,01 -0.030 ~C.05 -Cual47542 -0.146235 -C.146844

99174 +37.385 36,29 +0.006 -C.C4 +0.030 +0,C1 +0.026 +0.15 +0.201372 +D.202123 +0.202922

99185 +IR.1C5 58.47 +C.006 +0.14 -0.045 -C.0D4 -0.031 ~C.39, +0.373C07 +D.373497 +0.373862

2202 203 - 204 99155 433,975 21.67 +0.013 +C.20 +C.C17 +C.D4 +C,010 +0.05 +N.04%914 +G.050793 +0.C51578
99175 4T4.276 17468 =~04020 -0e26 ~Co024 +0.01 ~-0.007 +0.07  +C.197092 +0.196800 +0.196556

99185 +D841C5 58,47 =0.025 =-0eS7 -Co084 -C,31 -0.N48 -0,65: +0.275254 +0.,274568 +0.273880

COlBE +U3LUET 20497 +0.038 +04T73 4C.059 «0.29 +C,.052 +C.58 +0.296058 +C.295279 +0.29455]

§9162 +46.577 15.84 -0.006 -0Cell =-C.C09 -0,.03 -C.006 ~C.06 +C.181583 +0.182560 +0.183436

2381 ope. 1207 99186  +UZLUET 2097 +0 059 +0.5C +0.051 +0,.59 +0,049 +0.66. +0.027C31 +0.D26364 +C.D25582
99187 +12.938 17.46 =-0.033 -0.01 -0.011 +C,.03 -0.033 ~C. 46 -0.075618 -D.076779 ~C.D77985

9918L +78.105. 58447 =[.024 =0462 ~C+048 ~C,8] -0.012 ~C.12 +D.145469 +0,145186 +0.144E2T

SE1TE  4F4.278 17.68 +0.001 +0.18 +0.012 +C.24 -0 002 ~C,04 +0.523040 +0.526092 +0.525255

SP1€N  #U6.577 15.84 ~C,J03 ~C.C4 =C.CC4% -€,05 -C.002 =C.03 +C.38CC78 +0.3R1157 +C.382320

208 20S 710 11EKZE  +12.571 26405 ~-C.01C +0.32 -G.010 +C.28 -0.N08 +0,38 +C.354690 +0.354882 +C.255009
118607  +Z20.974 1£.93 +(.00€ =-C.20C +0.006 -C.18 +0.C05 =-C.22 -C.028460 -C.0296P4 -0.030893

11844C +73.,946 47,54 -C,CO02 +C.C1 -0.CC4 +C.C2 -C.NCO +0.17 -0.07C422 -C.070903 -C.071314

118524 +12.428 29,68 ~C+COC +Cel® +C.0C2 +C.13 -C.C005 =C.12 +C.228904 +C.229236 +GC.229617

118626 +5C.486 35417 40,007 ~Ce32 +C.0C6 -0.26 +6.008 -C,20 +0.515297 +0.516469 +C0.517581

€11 212 "213 118434 +12.424 29.68 +0,006 4C.34 +CuCll +C.44 +0.006 40,12 +0.011575 +C.C10749 +C.010010
118625 444,983 04.82 =C.004 -C.21 -0.00C8 -G,29 +0.000 +0.04 +0.244175 +0.244664 +0.245304
118408 +4C14€31 D6.85 =—Ce009 =Co28 =04006 =Co31 =-C.01E8 =0.47 +0.428473 +0.429609 +0.430824
118413 +422.C99 29.42 +C.01S5 +C.56 +C.C14 +C.66 +C.D25 +C.62 +G.307383 +C.307777 +0.308028
118429 +22.306 31.680 ~-P.CIC -C.40 =C.C1l2 -0,50 -0.013 -p.32 +0.008435 +0.0C72C1 +0.005823
214 215 216 11B4CE +4T1.631 06.85 <~0Co.001 =C.C7 +C.Cl4 =D,1} +0,006 +0.14 +0.89220]1 +C.492389 +C.492342

118426 +5D.4E6 35.17 +C.CC5 +0.C1 +CeDB0S +0.06 +0,004 -C.09 +0.146600 +0.145442 +0.144099

112425  +44.,9E3 (4482 =-C.006 +C+0C2 -C.012 -C.04 -0.008 +0.06 ~-0.160706 -0.161362 -0.161859

1184CS  +41.746 58,57 +C.010 -C.10 +Ce032 -C.0% +0.019 +0.01 +0.153066 +0.1537€0 +C.154860

1184C1  +22.895 19.70 =C.008 +C.15 -C.039 +0,13 -0.021 -0.12 +0.368840 +0.369751 +0.370558

217 T18 219 118295 +40S5.68L 3I.49 =~P,025 =C.CS -C.020 +C.3]1 -C.026 +C.31 +0J144076 +C.144097 +C.lu4]116
118377 +13.822 34.30 +0.010C +C.08 +0.,008 -G.07 +0.010 -0.07 +0.3764262 +0.375438 +0,376455

116408 +F1.871 06.85 +0.006 -C.29 +0.009 '~C.37 +0.008 -D.34 +0.163937 +0.163688 +0.163484

118417 +22.099 29.42 +0.017 +0.21 +C.012 -C.04 +0.016 -C.05 +0.054874 +0,054113 +0.053491

- 118425 444,963 [D4.E2 <-[.008 +C.05 -0.0C8 +C.17 -0.009 +0.16 +C.262851 +0.262664 +0.262454

€20 021 222 118395 +C5.6E0 32,49 ~-r.008 -0.0° -C.008 -C.02 +C.0C0 +40.10 <+0.DE1779 +0.061329 +0.081004
.1184CE +S1.8321 D06.85 +0.020 +C.11 +C.015 +0.16 -0.00D4 +0.04 =-0,000C87 -0.001054 -0,001954
118uCl  +23.B95 16.70 =-C,027 -N.02 -C.014 -C.35 +0.010 =-0.39 +0.18150C +0.,181295 +0.181071
1184CS  +41.746 S5E.57 +0.008 -C.CS +0.001 +C.16 -0.005 +0.26 +0.259519 +0.259717 +D.259782
118279 420.268 43.2 +0.007 +G.C5 +0.006 +C.05 -C.001 -0.01 +C.477289 +0.478714 +0.480097
223 224 225 118795 +05.680 33.49 ~-0.012 -0.43 20010 ~0,07 =0.021 =0.40 +0.106620 +0.106440 +0.106330
T 1184Ce +01.871 06.85 +0.020 40«33 +C016. -C,02 +0.0322 +0.32 -0.035%820 -0.036908 -0.038014

118297 +25.582 48.67 =-f.C30 -0.13 -0.024 +C.15 -D.045 -0.16 +C0.202391 +0.202186 +0,201923

118385  +47.499 46,40 40,029 -0a25 404022 ~D.28 +0.041 -0¢19 +0.366037 +C.366697 +0.367295

118379 +20.268 43,25 <-0.007 +D.49 -0.005 +0.22 -0.006 +0.43 +C.36C772 +0.361585 +0.362457
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TABLE 2. STAR RESITUALS. DEFCNDENCES.

OPSEFVATIONS NG SAC POSITICONS USED STAF PESIPUALS * CEPENDENCES

r v < LR < L S e

226 727 228 11836F +76.640D Q4,71 ~C,C20 -C.50 -0.026 -0C.44 ~0.021 -0.39 +0.379362 +0.3g1381 +0.383429
118279 +2C.268 43.25 +0.024 +0.26 +0.024 +0.63 -0.007 +0.74 +C.175216 +C.175036 +0.174543

118771  #42.842 11.35 -0,005 -C.26 -C.002 -0,16 +D.C12 -0.24 +0.09€4S0 +C.0%7815 +0.0%97120

11£397 +425.562 48.67 -0.013 -0.34 -0.016 -0,29 -0.C11 -0.27 +0.029713 +0.027530 +0.025277

118764 445,293 39.32 +0.014 +C.24¢ +0.020 *0.26 +0.027 *0.1% +C,317259 +C.318228 +C.319222

¢I9 220 231 118768 +26.64C 04,71 -D.022 ~L.26 -C.039 -0.21 ~0.036 -C.28 +C.390823 +0.,390057 +0.389353
118384  +u4t,2¢3 39,32 *0.007 +0.11 +0.023 +C.16 +0.025 +C.08 +C.425245 +C. 424523 +0.423864

118229 +TF.2%6 34.36 =-C.007 -C.Cé& +G.C02 +C.06 +0.0C6 ~0.10 +0.125398 +C,125373 +0,125321

11E%44 474,545 54,42 40,059 +C,59 +C.D46 +L,04 +40.C25 +C.79 +C.0OC300 +0.09C776 +0.091151

118739 +u45.8%7 Q2.2 -C.C37 -C.37 -C.032 -C.05 -0.019 -0.49 -D.031767 -0.030739 -0.029688

232 733 224 11BI29  +T€.256 34,36 -C.005 -0C.0R -C.004 ~0,01 ~0.008 ~C,09 +0.661E55 +0.663395 +0.664964
118264 424,545  S6.42 40,025 +C.S3 +0.022 +0.23 +0.010 +C.64 -0,523304 -0.525278 -0.527240

118729  +45.8%7 Q2.0 =C.028 -0.67 =-0.024 -0,37 -D.007 -C.81 ~-C.249999 -0.251383 -0.252847

118218 +29.647 31.50 +C.011 +C.16 +0.010 +0,C1 +0.009 *C.19 +0.90802C +0.909965 +C.511888

11E22 +ULLIE3 Bp.E2  -[.DD4 +C.C6 -C.003 +D.13 -0.006 +C.07 +0.203429 +C.202300 +C,.203234

235 D36 237 118€31 +CS.8C7 21.07 +C.031 -C.96 +0.040 ~0+70 +C.036 ~0.94 +0.525494 +0,525296 +C.525204
118644  +43.74]1 41,47 ~C.001 +0.66 +C.004 +C,63 -0.003 +0.88 +0.196127 +0.195148 +0.194129

118622 +C6.800 15.85 ~-C.0u4e +C,78 -C.065 +0,41 -0.0S52 *0.51 +0.405928 +C.406577 +0.407115

11E621 *72.926  SE.U4 40023 -C.12 404034 40,05 +C.025 +D.10 +C.066400 +C.067511 +C.C6B64E

118642 +71.43e 30,18 =-0.00¢ =C.2f ~0.012 -C.39 -C.00€¢ -C.cc -C.1929u9 -0,194572 -0.19531C3

438 T3° 24y 11E6rE +0CLEDT 19463 +0.00E +C.11 +C.008 40,10 +C.009 +C.CE +C,299358 +0.399573 +0,299797
112619 +28.1€2 C9.19 -0.018 =0 20 ~0.020 -C.18 ~C.022 =D,12 404375872 +C.376683 +0.,377482

T18€44  +4T.7U]1 41,47 +0.021 =0.06 +0.C34 -C,10 +C.022 “C.13 +4C.134431 +C.134360 «0.134305

1lety4e 476,551 19,00 +0.CO7 +C.61 +0.005 +0.63 +0,012 +0.55 *0.C729CS +D.C73609 +C.C073298

) L186€2  +5€,7€6 06.88 -(.C2C -L.47 -C.027 ~C.45 -0.021 ~0.37 +0.016434 +C,.015774 +0.015118

41 PH2 243 118631 +05.807 21427 +0,05(C =C.29 40.C61 -0 ,41 +C.062 -0.44 +C,047124 +C.046274 +C.0U5413
' 11€€20 76,800 15.85 -C,053 +C.57 ~C.062 +0,.57 -0.06°7 +C.61 +C.165269 +0.164883 +0.164483
118606  +£9.527 19.83 -.036 -C.12 -0.C51 -0, 06 -0.047 -C.03 +0.131421 +0.131445 +0,131450

118594  +4E.102 "27.11 +0.029 +C.22 +C.C43 +0.15 +0.029 +0.13 +C.26E296 +0.248769 +0.245276

118597 +C4.7CC 01.04 +0.01C =C.2R +C.C08 -C.26 +0.011 -C.27 +0.407890 +C.406620 +0.409378

¢4y Z4E 246 11ES9T +TH,T7CC 01.04 -C.001 -C.1° -C.0C)1 -C,01 -C.003 -C.17 +C.S67504 *+0.568856 +C.570172
118594 +4g.,1C2 27.11 +0,007 +0.47 4CG.011 +0,.3] +0.014 +0.45 +0,386992 +0.387634 +C.3ee3231

118€06 +£9.527 19.83 ~C.008 -C.U4 -N.012 -C.34 -G.014 -C.43 +C.CRBEC93 +0.087700 +C.C087313

11g€22 +C6.800 15.E85 +0.COE +C.24 +C.014 +0.43 +0.012 +0.26 -D0.115925 -0.121082 -C.122260C

118619 +7E.183 (9419 -C.007 ~C.C8 -D.011 -C,38 ~0.0C9 -0.12 +C.077337 +C.C76892 +0.076444

247 248 249 118579 455,445 27.00 ~-C.0D04 +0.2C -0.012 +C,24 -0.00° +0.19 +0.573760 +0.574642 +0,575465
11E584 473,137 53.97 =-0.002 -C.12 +6.002 -0,12 +C.001 -0.10 +D0.374923 +0,274904 +0.374942

118€22 +06.800 15.85 +C.028 +0.32 +0.017 +0.15 +0.018 +0.17 -0.156917 -0.157674 -0.158422

116619 +28.183 09.19 -0.046 -0.29 -C.037 +0.01 -0.C3%5 -C.08 -0,036552 -0.036950 -0.037350

118603 +75.749 25,40 +4C.024% -G.11 +0.029 ~0,28 +0.026 -0.18 +C.244786 +D.245078 +C.2u45365

250 51 252 118621  +05.8C7 21427 +40.032 -0.46 +0,013 -C,30 +0.016 -C.37 -C.305825 -0.306u498 -C.307240
11€€19 +08.183 09.19 -0.019 +C.75 -0.004 4C,.48 -C.009 +0.65 -0.033945 -C.034220 -0.034426

118603 +75,749 25.40 <-C.035 -C.28 -0.021 ~C.16 -0.019 ~D.28 +G.250740 +0.25C888 +0.251084

118879 485,445 27,C0 +C.C51 -0.24 +0.026 -C.17 +0.027 -0.16 +0.6190C8 +0.619654 +0,620253

116584 +23.137 52.97 -C.029 +C.22 ~0.01Y4 +C.15 ~0.015 +0.16 +C.470022 +0.470176 +C.47G331

253 754 285 118566 +17.5T4 49,77 ~L.051 «0.31 -0.041 +0.67 -0.046 +0.56 +0.372403 +0.372761 +0.373191
118562 +06.85C 42416 +0.035 ~0.20 +0.C27 -0 44 +0.03]1 =C.35 +0.585731 +0.590413 +0.591123

118894 +48.102 27.11 -0.005 +0.14 -0.007 +C,23 -0,010 +0.29 +C.C24099 +C.C23624 +B.0231E3

11BCeE +45.,972 32411 -C.021 -Cu11 -0.010 ~C.08 -0.007 -0.26 +0.029169 +C.028829 +0.02B8494

118082 +14.,639 54,2 «C.043 -0.14 +C.030 -0.,38 +0.033 -C.20 =-C.01S4C3 -0.015627 ~0.0D15961

256 ST 258 11E654 +58.935 C7.80 +C0.003 -C.21 -0.Cl1 -0.07 +0.002 -0.03 +0.,745134 +C.745814 +0.746445
118594 448,102 27.11 +0.000 +0.1C +C.011 +C.02 -0.001 -D.05 +0.057342 +0.056906 +0.056505

118597 +04.7C0C 01.04 -C.007 4015 -0.0C9 +0.10 -0.002 +0.24 =-0.047372 -0.D47688 -0.048028

llgert  +X9.640 30.21 +C.007 -U.32 -C.006 -C,.14 +C.004 -D.18 <-G.157947 -0.154274 -0.1558644

118571 +09.876 52.81 ~0.003 +0.27 +C.015 +C,09 -0.C03 +C.03 +0.39EB43 +0.399242 +0.399721

¢59 760 261 118521 +27.050 SC.97 ~-0.038 +5.39 -0.CS50 +0,36 ~0.054 +0.24 +0.392237 +0.392371 +C.392583
118562, +76.850 42,16 . +C.019 ~Co 42 +C.033 -C.42 +0,027 -C.29 +0.266611 +0.,265939 +0.265472

11€7€2 " +14.639 54,28 " +[0.C19 +C.30 +0.010 +C.34 +0,C07 +0,24  C.058609 -G.059399 -0.060150

118571 +09.876 52.61 ~C.D38 -[.2& =0.031:40430 ~C. 028 ~0.21- - %B./056740 +0.056980 +0.0257C77

118229  +17.414 (03,95 <+C.C38 -0.C2 +0.03F +C.02 +0.C39 +0.02 +C.342020 +0.244109 +0.345C19

¢62 63 264 11€71I 415,880 27.28 +C.049 -C.l4 +C.061 -0.2]1 +0,046 =C,22 +C.631502 +0.632455 +0.633309
118721 +27.09C 50.97 -C.060 *C.28 =0.065 +0.12 -C.055 +0.23 +0.413678 +0.413844 +0.413875

11L7E4  #E£.03C (7,80 +0.039 -C.22 +C.C38 -C,02 +0.035 ~C.26 +0.166508 +C.166166 +0.165E30

118571 +C9.876 52.81 +C.C15 +0.01 +0.022 ~0.13 +C.014 -C.04 =~0.376978 -C.3779C1 -0.378659

118726 +76.300 28419 -C.042 +0.C8 -0.056 0,24 -0,040 +0.16 +0.165200 +C.165436 +G.165646

65 Tbb 267 11BEST +SE.786 C6.BB +0.00S +0.C1 +0.0C2 -C,10 +0.002 ~C.07 -0.000368 +0.0C1223 +0.002799
118676 +25.452 29.89 ~[.002 +C.10 -0.005 +C.14 +0.C0& +0,09 +C.DB7640 +0.087465 +0.087334

118686 +14.57 16.75 +0.020 +0.15 +40.002 -C,30 +C.013 ~0,24 +0.462007 +0.462559 +0.4620u8

1186€E1 445,288 46.27 ~-0.C31 -C.24 -C.CC3 +N,47 ~-0,C20 +C.37 +C.223379 +C.2322C004 +C,.I22848

11E6EL 10,566 49.03 +C.009 -0.C3 +C.C0S5 -C,21 +0.00) =C.1T +0.126342 +C.1256%6 +C.124972

bt Te9 273 lleece +56.527 19.83 ~C.009 +0.22 -P.C18 +0,12 -0.C1C *C.21 +C.3116C9 +C.311702 +C.31177¢8
11€€1¢ <+7€.182 0%.19 ~[.005 -C.28 -0.CCS -0,14 -C.0MI0 -C.11 ~C.892444 -0,891S01] -C.89C518

110666 +L3.741  41.47 #(,027 -Q.C3 +C.CS9 40,10 +0.054 $C,08 +0.2SE74Y4 4C,.25E717 +C.258649

L1EEED  +5E.7F6  06.88 ~0.007 -0.21 ~0.009 -C,17 -0.014 =C,12 +1.206E14 +1.205626 +1.20U849

116677 +0€.507  S2.04 =0.016 +0e31 -CoC28 40,09 ~C.020 +0.09 +0.115278 +0.115257 +0.115243
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TABLE 2. STAR PFSIDUALS. DPLPIRDENCES,

CESEFPVATIONS NG SAC: FCSITTONS USED STAF FESICUALS ' DEPENDENCES
<

v < .e - ‘e S - vy

TT2 O 2T3 11E60E  +TG.527  1G.€3 40,008 -C.0f +C.Cl) ~C,14 +3,010 -C.06 +0.257006 +0.2%56861 +0.256968
118622, +C6.8CC 15485 =C.C0& +Cell -CL.CCS +C,57 ~C.00¢ +0.28 - +0.011869 +0.012238 +0.D12606
118€}% +28,.,183 (9.19 <-C.014 -C.10 -0.024 -0.24% -0.021 -Q.14  -0.24C365 -D.239385 -C.23869¢
116€52 +5B.78€6 06.88 =C.022 +C.C7 -C.C22Z +C.07 -C.030 +C.01 +G.692739 +0.691639 +G.6907¢]
1168644  +03,741 41.47 +0.03% -C.19 +C.051 -0,27 +C0.047 -0.0Q <+C.278750 +C.278647 +C0.27E35C

cr5 276 118€Z1 +05.B07 21427 *CeDU4Z -De76 +0a0233 0,52 +0.042 ~D.72 +0.654283 +0.£57242 +0.652302
116621 +72.926 58.44 ~T,01C +0.24 -C.016 +C. 45 ~C.C1) +C.47 <+0.07C186 +0.070375 +0.C70647
118284 +73.177 5Z.97 -C.006 +0.14 -¢.008 +C.19 -C.007 +0.22 +C.0168008 +0.012482 +0,.C1890¢
118622 +(6.E00 15.85 -Cl.C57 +0.98 -0.0u40 +0.58 ~C.056 +0.81 +C,.399011 +C.398656 +0,39815;¢
116602 +25.749 25.40 +C.03C -C.60 +0C.031 -C,66 +0.031 ~C.78 ~0.141487 -0.14C755 -0.14000¢

277 778 279 118631 405.807 21427 +4C.C32 -C.46 +C.013 -C.20 +0.016 -Ce37 +0.533500 +C.532653 +0.53187!

118619 +286.1€3 D0%.19 +~C.019 +C.75% -C.004 +C.4B ~0.009 +C.65S +0.30C843 +C.300689 +0.300500

118603 +35.7489 25.40 ~-01.035 -0.28 -0.021 -0.16 ~D.Cl9 -C.28 +0.106133 +0.106437 +C0.10675;

118579 +E5.445 27,00 +C.C51 -0e24 +C.026 -C.17 +C.027 -C.16 ~-0.073467 -C.C728t3 -0.07219¢

118584 +33.137 53,97 <~C.029 +0.22 -C.014 +C.15 -0C.01¢ +0.16 +C,132992 +0.133064 +0.13206°

118614 403,871 51482 -C.010 +Ce22 -0.012 40.3% -C.023S +0,31 +0.217478 +0.,217278 +0.21734;

118607 #25.749 25.40 +0.008 -D.20C +C.003 ~0.,31 +0.035 -C.48 +0.]1au726 +0.145069 +0.14551°

118Z8E  +45,972 32,11 +0.C01 +0.02 +0.011 +0.02 -0.00% +0.29 +C.C860uC «C.086736 +0.0B740

118594 +4g.102 27.11 -C.003 +0.04 -0.010 +0.07 -0.006 -0.12 +0.181393 +C.181485 +0.18148

- 118631 +0S5.807 21.27 +C.,008 -0.C7 +C.008 -0.12 +0.011 -C.C1 +0.,37C363 +0.369332 +0.3682¢

283 TE4L 285 118614 +03.821 51.82 -C.026 +0.4) -0.C25 +4C.16 -0.027 +C.36 +0.,423629 +0.422439 +C.42124

116604  +79.640 30431 +C.034 -C.58 404033 ~0,23 +0.036 ~-0.52 +0.17€4%96 +0.178312 +C.17822

118594 +48,1C2 27.11 +C.022 -0.CS5 +0.017 -0.C1 +C.017 +0.03 +C.390222 +0.389829 +0.38%929

118587 +45,972 32.11 -C.032 -C.l4 -0.022 -C.07 -C.C21 -C.27 +0.105041 +0.105636 +0.10620

118%e2 +14.639 54.78 +0,002 +C.36 -C.0C3 +C.15 -0.005 +0.41 -0.097488 -C.096216 -D.09496

2tb TET7 2EB 11€5E4  +DB.9Z5 07.80 +[.003 -0.21 -C.011 -C.D7 +0.0CZ -C.03 +0.020732 +0.0213¢6 +0.02197

118594 +48,1C2 27.11 +0.00C +0.10 +0.011 +0,02 -C.0C1 -0.05 +0.3444¢8 +C.343871 +0.24325

118597  +Cu,70C 01.08 -0,007 4015 -C.009 +C.10 ~C.002 +C.24 +(.290499 +0.290162 +0.28985

118604 +39.64C 3C.31 +C.007 -0.32 ~C.006 -C.18% +0.004 -0.18 +0.286452 +0C.286157 +0.2859]

118571 +0S.836 52.B1 <-0.003 +C0.27 +0.C15 +0.09 -C.0C0Z +C.G3 +0.057829 +C.C58484 +C.0S5900

289 90 291 118597 +C4,7C0 0O1.0C4 -C,028 +0.C3 -C.028 -0.06 -0.02) -C.04 +C.59C390 +0.5890R6 +C,.58777

1168€76 +75.662 DE.ES -C,041 +C.C6 ~0.C20 +C.58 ~-0,020 +C.18 -C.05C130 -0.049610 -0.04898

118867 +26.285C 42.16 ~-C.C16 +0.C2 ~-C.,007 +C.26 ~-C.008 +C.08 +0,201038 +0.201445 +G.20185

11562 +14.639 54.28 +0e063 =008 +L.0589 -C.02 +0.04&6 +C.03 +0.284106 +0.2E3752 +C.2B338

118571 +N9.£36 52.81 +C.022 ~-0.04 -C.004% ~C,76 +0.002 -C.26 -0.0254C5 -C.024674 -C.C24C3

292 T93 294 11EF1Y +15.88C 22.28 +C.089 -C.1¢ +C.C€1 -C.21 +C.04& -Ce22 ~-C.1798C4 -0.178772 =C.1777%

118F21 +407.09C S50.97 =-C.C60 +0.28 -0.065 +C.12 -0.085 +0433 +C.113741 +0.113650 +C.11367

116854 +R£,9385 07.80 +0.039 =C.22 +C.0368 ~C.02 +D,035 ~L.24 +0.319737 +0.319179 +0.31861

118571 +09.836 52.81 <+C.C15 +D.C1 +0.022 -0.13 +0.014 -C.04 +C,612009 +C.€11188 +0.61032

118524 476,360 2€.19 ~C.042 +C.C8 -C.0D56 +C.24 -0.04C +C.16 +0.134316 +0.,13u715 +0.1351¢8
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' Kpamebcxa oncepbaropuja, Bpucen, Benruja
2 Acrporomexa oncepbaropuja, Eeorpag

YIOK 523.44

IperxogHo caomurere.
Y pany Cy OaTd IpeLysHH acTporpadcku NosI0xKaju cepBaropyje, Jla Cuna, Yune. Y Toky re MucHje OTKpH-
M4JTMX TUIaHeTa NOoCMaTpaHux y nepuony ¢pebpyap—maprt BEHO je /7eT HOBHX acTepoMia.

1987. ropuue I'TIO teneckonom ca Esponcke jyxHe on-
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MULTIDISCIPLINARY STUDIES OF THE VARIATIONS IN THE MEAN GEOGRAPHIC
LATITUDES OF BELGRADE*

S. Sadzakov, R. Gruji¢

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia
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SUMMARY: Our research will give a valuable contribution to the examinations of
the relationship between the seizmic phenomena and the latitude variations being
undoubtedly very important for the city of Belgrade and its surroundings. Such a
“study is the first of this kind in our country.

1. INTRODUCTION

The first accurate measurements of geographic
coordinates in Belgrade at the Astronomical Observa-
tory were done in 1938 for the longitude (X) and in
1947 for the latitude (y). For the’ mentioned purpose
instruments for position astronomy-a small transit in-
strument (2r=100 mm, f=1000 mm) and a zenith—tele-
scope (2r=110 mm, f=1285 mm) — were used. The
following values were found

9= 44° 48’8  and A = — 111 22™ 03%8.

" Observations of this kind and the subsequent
derivation of the geographic coordinates have been done
in Belgrade from the moment of mounting the two in-
struments till the present time. The obtained results
have been utilised in the international cooperation for
the purpose of studying the Earth’s polar motion and
the terrestrial rotation. Since the position of the terre-
strial pole is a function of time, the geographic coordi-
nates on the Earth’s’surface are al$o variable and con-
sequently one should determine these coordinates
severy day” and examine the character of their varia-
tions. The investigations performed as yet have shown

that the values of the coordinates obtained from obser-
vations at a single station besides the influence of the
polar motion are affected by a number of other (non-
polar) influences which deteriorate the picture of the
changes in the terrestrial pole positions. Among these
nonpolar influences, besides the atmospheric ones, the
instrumental ones and others, there are also influences
due to the geophysical changes of the soil where the
station, i. e. the instrument is located, for example
vertical and horizontal movements of the soil. There-
fore, our research concerning the variations in the
geographic coordinates of Belgrade, where our station is
situated, requires examinations of Belgrade soil move-
ments. The results obtained from the comparison of
the latitude variations derived from the observations in
Belgrade and Jozefoslav (Teleki, 1969) have confirmed
the existence of such a requirement.

The latitude stations of Belgrade and Warsaw (Jo-
zefoslav) are practically on the same meridian. This
means that any polar influerices in the differences of
their latitudes (instantaneous) are excluded. There-
fore, since the latitude differences are not subjected to
any changes, the reasons should be looked for in the
local factors.

* This paper is dedicated to Dr.Porde Teleki. who was the initiator of such multidisciplvi‘hary research.
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The first analysis of these differences showed that
the mean latitude of Belgrade changed significantly,
whereas in the case of Warsaw the corresponding value
remained almost unchanged. One has looked for an
eaplanation of such a ,stormy” latitude curve for
Belgrade. A list of great earthquakes having occured in
the surroundings of Belgrade has been made and an
attempt has been done to find a correlation between
the grcat earthquakes with the changes of the mean
latitude. There are no final conclusions as yet.

It is well known that Belgrade is situated within a
setsmically active region and Warsaw within a seismically
stable on. This circumstance enables to judge about the
mtluence of earthquakes on the mean latitude value
(und generally on the latitude value) on the basis of a
comparison hetween the two stations (it would be bet-
ter if there were more of thenr).

As 4 consequence a working cooperation of as-
tronomers. seismologists, geodesists, geophysicists and
others concerning the present task has developed. This
cooperation is realised as a scientific project after
which the present article is named.

2. THE AIM OF THE RESEARCH

The central part of Serbia, in the north of which
Belgrade is situated, is a region significantly menaced by
curthquakes. In the area of Belgrade towards the south
there are four seismogenic districts: that of Belgrade and
Lazarevac, of Rudnik, Kraljevo and Kopaonik. This is
due to the seismotectonic composition of that part of
the lithosphere. The seismic energy emitted by the
carthquake focus into the extended area of Belgrade is
modified due to the existing seismogeological compo-
sition and construction within the range of 6--8 MCS
{Sikosek, 1987).

The aim of our research is to establish the para-
ricters of detailed seismic regionalization of the exten-
ded arca of Belgrade on the basis of the data concer-
ning the geological composition, the construction and
the determination of the seismotectonic construction
and the seismoenergetic capacity of the given area being
the base to the study and establishing of the short--term
natural phenomenon which predicts a severe earthquake
within the extended area of Belgrade.

3. WHAT DOES THE RESEARCH CONTAIN?

The research consists of following the already
noticed manifestations of certain phenomena related to
the dynamics of the consolidated part of the Earth’s
outer mantle on the given sector of the terrestrial
surface. This includes the astronomical methods of
tollowing and studying the latitude variations along the
part of the Warsaw -Belgrade meridian and the seismic
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and seismotectonjc methods of following and studying
the area between Belgrade and the Western Morava. 1. ¢,
the seismological. geomagnetic, gravimetrical and geo-
detic studies of the extended area of Belgrade.

4. EXPECTED RESULTS

On the basis of the present research one should
establish the conditions of organising a corresponding
economically justified modern seismic preventive in the
extended Belgrade area and answer the question of
existing a possibility in the extended area of Belgrade
to find a phenomenon which can predict an earthquake.
The latitude variations along the part of the Warsaw-
Belgrade meridian on this area exist and their existence
has been confirmed (Teleki, 1969), as well as in the cuse
of the variations in the seismic activities. Therefore. it is
expected to establish mutual dependences of the two
phenomena in the framework of this wide research
spectrum. It is also expected to establish the vanations
in other energy fields and the possibility of using the
obtained results for the purpose of a short—term predi-
ction of stronger earthquakes in the extended area of
Belgrade.

5. WHAT KIND OF RESEARSH HAS BEEN DONE
IN THE WORLD AND IN OUR COUNTRY?

The International Association of Seismology and
Terrestrial Interior Physics formed in 1969 a special
commission whose task is to study the problematics of
earthquakes. The same problem was considered by the
Union of Geodesy and Geophysics in 1971, From that
time a great care has been devoted to the problem in
Japan. the USSR, China and the USA. Sufficiently
enicouraging results have been obtained; the population
in menaced arcas has been not once evacuated on time.
The example of Japan deserves mentioning; in that coun-
try the high—speed railway Osaka-Tokio is protected
by a system of instrumental {olJowing of the short-
term phenomena serving as predictors of earthquakes. In
this country the activity is carried out as a part of the
international project ,STUDY OF THE BALKAN
PENINSULA SEISMITY"™ in which except our ones the
experts from Rumania, Bulgaria, Greece, Turkey, Ak
bania and also from the USSR, the USA, Japan, France
and the Netherlands.

In 1980 began a complex following and studying
of the inean latitude variations along the meridian Bel-
grade—Warsaw within the Belgrade area, as well as the
following and studying of the seismic activity. The
results of this work performed by investigators from the
Astronomical Observatory and the Institute of Seismolo-
gy of the SRS in Belgrade have been presented at a few
scientific meetings in Yugoslavia and abroad (Teleki.
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MULTIDISCIPLINARY STUDIES OF THE VARIATION IN THE MEAN GEOGRAPHIC
LATITUDES OF BELGRADE

Cina, Nanking, 1985) where they have been received
well producing interest among the present scientists.
According to them it seems that there is some mutual
casual connexion between the seismic activity as a con-
sequence of the dynamics of this lithosphere part and
the variations in the geographic coordinates (latitudes)
along the meridian Belgrade—Warsaw established in the
extended area of Belgrade.

There has been a programme at the level of Yugo-
slavia for the surroundings of Skoplje which foresaw
that during 1968—1970 would be realised a project
enabling existence of a permanent polygon for complex
investigations and studies of contemporary movements
of the terrestrial crust on a seismically active area.
This was an international cooperation programme which
besides making a chart of contemporary movements and
determining the continental motion foresaw also orga-
nising of a net of special experimental polygons all
around the world for the purpose of observing the con-
temporary movements of the terrestrial crust by apply-
ing methods of geodesy, geophysics, oceanography and
geomorphology .

On the basis of the results presented in the litera-
ture and obtained by us at the Astronomical Observa-
tory, the Seismological Institute of the SRS, the Geode-
sy Department of the Faculty of Civil Engineering,
the ,,Geo™ Department of the Faculty of Mine Enginee-
ting and Geology, the Geophysical Institute, the , Naf-
tagas” and at the Geomagnetic Institute we try using the

values of the measurements to answer the question of
the cause of the variations in the Belgrade latitude. In
Japan and in China examinations on the seismically
unstable bases have been done and it has been disco-
vered that the soil movements are correlated with the
variations in the geographic coordinates.

Through this research begun in 1989 and realised
as the scientific project after which the present article
is named we shall be able to give a partial explanation of
the anomalous variations in the mean latitudes of Bel-
grade. This is of a general interest for the international
cooperation of the Belgrade Astronomical Observatory
in the study of the terrestrial polar motion. On the
other hand our research will give a valuable contribution
to the examinations of the relationship between the
seismic phenomena and the latitude variations being
undoubtedly very important for the city of Belgrade and
its surroundings. Such a study is the first of this kind in
our country.
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YK 528.281
IIperxogHo caomureme

Halua ucrpaxuBama gahe BaxaH AOTIPHHOC HCIH-
THBatby Bese M3Mehy CeM3MMUKMX TojaBa M TIpOMEHE [eO-
rpadcke LIMPUHE, KOja Cy HECYMHSMBO Bakaa 3a rpag beo-
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SERVICE DE LATITUDE DE L’'OBSERVATOIRE DE BELGRADE
EN 1983, 1984, 1985

R. Grujicé, M. Dokié, R. Krga, S. Segan et N. Poki¢
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RESUME: On présente les valeurs que quelques données météorologiques prises au

cours d’observations.

Les données présentées ici ne sont que la partie
non publiée de I'analyse des variations de la latitude de
Belgrade en accord avec le programme élargi et proposé
par R. Grouitch et B. Teleki (Grouitch, Teleki, 1987). 1]
sagit. en effet, des données météorologiques, évaludes
lors de la réalisation du programme d’observations. Et
comme ce travail était un des derniers dans notre longue
et fructueuse collaborations avec G. Teleki nous tenons
pour notre devoir 2 le dédier  son mémoire.
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Table 1.
LA LEGENDE:

Date: Année, mois et date d’observation.

Tz: Température a ’abri météorologique eloigne SO0 m
de Vinstrument.

Ti:  Temperature de 'instrument.

Tv: Temperature de l'air dans la salle d’observation
(valeur moy. des lectures des thermométres sud
et nord).

Bo: Lecture du barométre on mm Hg (tenant compte
de la temperature de barometre).

GR: Les signes correcpondants pour les sous -groupes
introduits par le programme donné par Sevarli¢
et Teleki (1969) et par Gruji¢ et Teleki (1987)
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Table 1

DATE Tz Ti Tv Bo GR.
1985
I 9 2.0C 3,1C 1.9C 75%e7 IIa
9 0.7 2¢5 1.2 75563 IIb
12 Bl 4,0 4,% 75%.2 I1a
12 5.0 3¢5 3.5 75244 TIb
18 11.9 7.1 8.4 34,1 Ib
18 9.4 6.8 D3 734,1 1Ia
18 6.2 6.2 6.3 234,8  IIb
25 2.9 26l 1.8 755.2 IIb
II 1 4,4 Dral, 5.6 755X ITa
1 4,0 2¢3 3.4 732.8 IIb
5 - Ool Ooq" - Ool 74504 ITa
3 - 0.8 0.1 - 0,6 44,8 IIb
25 0.6 0.0 - 0.2 7526 ITb
26 4.4 1.8 1.6 44,8 ITb
26 5.1 l.4 2¢2 4% ,1 II1a
I1T 8 9.6 8.4 8.3 45,8 IIb
8 8,0 7.0 6.9 45,8 IITa
10 12.8 - 10.8 10,8 42,2 ITb
10 11,6 10,0 9.8 741,9  1II-1
10 11,1 9.4 O3 741 .6 I1Ta
12 Ce9 5.9 « 2.6 750,22 IIb
12 - C.4 4,0 1.6 751.,0 JI1-1
12 - 1.4 2.0 0.2 . 751.8 1I1a
15 6.1 6.4 . 6.1 4] G 4 IIb
15 6.1 5.6 5.4 41,4 III-1
15 5.5 5.0 5.0 740,77 IITa
24 11.2 10.6 10.6 73%.5 III-1
24 10,6 10,0 9.8 733.5 iIla
v 106 16,2 16,6 15,7 739,77 1I1a
10 15.4 15,7 14,8 40,5 IIIb
10 1545 15,0 14.3% 40,5 1I1T-2
17 Ve 7 10,0 He 740,35 I1Ta
17 9.5 8.6 7.8 40,1 IIIb
24 18,2 18,4 17.6 755.0 IIIb
v b 13,6 147 13,7 579 IIIb
5 - 16.6 15,1 7%6,8 I11I-2
3 16,6 153 1%5.8 756..8 Iv-1
3 16,6 17 .4 16.1 736,8 IVa
5 10.8 1%.6 12,2 41,1 IVa
10 12.4 13.4 12.6 732.2 Iv-1
10 12,0 15.1 12,0 732.2 IVa
i0 11.8 12.4 11,7 752.1 IVb
17 21.0 2145 20.6 738,06 IVa
17 20.0 20,6 20,0 738.% IVb
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28 14,3 14.9 14,2 W39 VIb
29 15.8 14.9 14,27 . 42,5 Via
X 2 7.7 11,0 9.4 49,1 VIb
2 8.4 9.6 8.4 48,5 VI-2
I 18.8 17.2 17.3 45,2 VI-1
G 18.0 16.4 16,2 245, 3 VIa
4 17.5 15.9 15.7 45,5  VIb
4 17,0 15.6 15.4 45,6 VI-2
5 18.8 1..9 18,7 4z P VIia
£ 164 18,4 18.4 743 4 VIb
c 18,2 18,1 18,2 D434 VI-2
6 19,6 18,5 18,0 1,5 Via
6 197 0 18,0 17.5 2U2,6 VIb
6 17,4 17 .4 16.8 42,6  VI=2
2 14,7 16.0 14,9 44,5 Via
ok 13. 15.0 1%.8 44,0  VID
10 12,2 13,0 12,0 41,8 Via
10 11.3 12,2 11.3 741,5  VIb
10 10.8 11.6 11.0 741,5 VI-2
11 18,2 16.6 16.8 737,22  VIb
1% 10.8 11.0 10.1 747,9 X&g
13 10.0 10,3 9.6 47,9 >
1% 10.0 8.8 9,1 747 . VI~
13, .8 . 8.8 Y I-1
14 12.5 11.4 11.2 Vg 2 VIb
14 10.5 11.3 11,0 - TU46g 2 VI-2
14 10.5 10,4 10,0 U6, 2 I-1
15 12.8 1%2,5 12.8 ouy ] VIb
15 12.8 12.0 11.8 43,8 I-1
16 16.8 15,1 15.0 7%8.9 VIb
16 1543 14,2 13,9  738,9  VI=2
16 157 1%.8 1%3.6 738,3 I-1
16 15.7 1%.6 13,5 7%8,3 la
2P T 2.4 6.8 755, 1 Tl
2% 5.2 6.7 6.1 751.,1 VIb
25 4,4 5.6 5.0 47,2 VIb
' 28 9.0 Q.4 9.9 729.7 Via
XI 12 0.0 3.4 1.8 246,0 VIa
12 - 0.4 2.0 0.6 46,3 VIb
1% - 1.6 0.6 - 0,5 45,5 VIb
13 - 20 - 0.2 - 0.9 745.5 VI-2
1% - 4.0 i 142 - 2.0 46,1 Ia
16 - 1.4 - 1,0 - 1.4 34,0 I-1
16 = 1.4 - 1.1 - 1.4 734,11 Ta
17 0.5 e Ol - 0.6 7%9,6 Ia
18 - 0.6 - 0.3 - 0.2 ; 741 ,6 VIia
18 - 0.7 - 0.8 - 0.6 42,0 VI=2
18 - 1.7 - 1,2 - 2,0 42,2 Tl
18 - 107 — 1.7 - 2.0 742»2 Ia
- 19 - 3,0 - 0.8 - 1,6 745,0 Via
19 - 3.9 - 1.8 - 2.8 ou4.,8  VIb
20 - 2.4 - 1,5 - 1.8 240,1 VIb
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oU - 2.4 - 1.8 - 2.7 740.1 Vi-z
20 - 2.2 - DN - 2.9 738.9 Ta
ou - U - 0.4 ~ 1.0 750.5 Ia
ou - 1.4 = 1.0 - 1.6 749.7 Ib
24 - 1.4 - 1.4 - 1.8 749,7  I=2
25 - 0.1 0.0 - 0.% 746.6  Via

XII 22 7.0 7.0 6.9 7%2.8 Ia
A 14,4 8.8 11,6 40,2 1I-1
25 14,8 9,0 11,4 ou2.4  la
25 14,8 9,2 11,6 41,8  1b
20 6.5 5.2 5.4 45,4 Ia
30 6.8 5.2 5.5 73,6  1b

1984 : .
I 3 11.2 7] 8.6 0571 Ia
D 10,7 78 8.5 736,2 Ib
31 U, b4 1.9 2.4 ?737.5 Ib
11 2 1.9 1.7 1.8 736.8 Ila
2 2.1 1.4 1.8 T 75 ITb
2 24 1.3 1.8 738,5 11T-1
5 3.1 3.4 3,0 243 ] IIa
5 2.9 2.8 2.3 42,7 ITb
15 0.5 0.8 0.3 737.8  Illa
15 0.0 Ol 0,1 727.0 IT1Ib
15 0.0 0.1 0.0 737.0 1II-2
19 = 12 0.1 = 142 L2, 4 I1la
20 - 2.0 = L 4 - 1.9 741,4  Llla
20 - 2.0 - 1.6 w 2,00 40,7  I1Ib
24 5ol 3.6 3.8 737.,7  11Ib
27 11.5 9% 5 Qb 738,2 IITa
20 11..7 8,8 &,8 739,11 I1Ib
Sl 11.4 8.6 9.0 73%9.1 1112
TV 1 1v,6 9.5 9.8 736,1 I11.-2
1 9.9 Hg2 e d ‘7357 Iv-1
: 12.4 12.1 11,2 733,7  IIIb
i 11.5 11.3% 10,2 75547 I1I-2
14 10.9 11.6 10,8 U2, I1Ib
14 10.9 10.6 10,0 42,3  1II-2
14 9.4 10,2 9,8 42,4 IVl
14 b 10,0 O 4 42,4  IVa
16 12,0 1%,2 12,4 734.,6  IIIb
16 12.2 13,0 12,2 734 .6  I1I-2
v 14 12.5, 12,0 11.5 725.3 IVa
14 11,2 11,5 11,2 7%5,2  IVb
14 11.2 11,2 11,0 235 2 V-2
18 19,0 15.8 16,0 739,2 IVb
19 lgoo 1900 1990 732.@ IV&
19 18,6 18,7 18.6 732.0 IVb
¥al 18.9 18,6 17.6 733,5  TV=1
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16,0 16,5 15.4
15.9 16,2 15,2
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16.4 17,2 16.2
13,6 14,6 12,6
14,4 16,0 15,0
13,8 15.2 14,2
19,5 17,6 17,4
17.6 16,4 16,0
17.6 16,4 16,0
22.1 19.8 19,0
22,0 21,2 20,8
21,2 19,9 19.6
14,0 15,2 14,2
13,6 14,7 14,0
15.6 16.6 15.5
14,2 15.4 14,4
14,6 14,6 159
14,6 14,0 135
11,4 14.5 12.5
2.9 1%.0 11.3
8.8 11.8 10,7
19,0 16,V 14,9
15,8 12.9 12,2
20,0 19,0 18.5
19.6 18,1 174
19,2 17,0 16,6
19,0 16.5 16.0
15.4 15,6 14,6
15.4 16.2 14,9
1%.8 15.2 14,2
2140 N 20,5
20,2 20,3 19,6
13,2 14,6 13,2
11,9 13,8 12.7
16,2 15.6 15.2
155 15,0 14,8
19742 19,1 17.8
16.6 17.6 16.6
16.9 17,6 16.3
19,1 18,2 17.4
18.6 16,9 16,2
20.8 19,2 18.6
21.8 18,8 1.4
23,6 21.6 20,8
29.0 24,3 24,2
28,1 23,6 o o
25,8 25,2 2U,6
22,0 22.0 21 .4
22.1 21,2 20,6
18,9 20.6 19.3
18,8 19.8 18,7

754.6
754,6
7%0,9
754,0
7%6.1
736,11
755.1
729.4
799,45
739.4
755.5
736.6
73763
52,4
752.7
7431
44, O
44,0
45,6
745.6
745e7
745.8
745.1
46,0
742,1
TR 7
41,6
740, 5
42,8
46,3
TLE .6
’741 [ ] 2
71'“1 [ 2 2
743.6
T4l 4
745,00
P2 b
743 .6
743.7
7/'{‘3 [ 2
41,9
740,6
43,2
42,5
42,8
41,8
741,8
731.1
740¢ 5
740465
7597
739.C

IVb
V=2
IVa
IVa
IVb
IVa
IVb
IV
Iv-2
Va
IVa
IVa
Iv=2
IVb
Iv=2
IVb
Iv-2
Va

Iv-2
Va
Vb
IVb
Vb
IVb
Jv=2
Va
Vb
Va
Va

IVo
Iv=-2
Va
Vb
Va
Vb
Iv-2

Vb
Va
Vb
Va

Va
Va

Vb
Va
Va
Vb
Va
Vb
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VIII

IX

A0 2ls3 2C.7 20,2 45,2 Va
30 2044 2042 19,6 74,., Vb
2 2042 21,2 20,6 41,5 Va
: 2 19.6 20,8 20,2 741.6 Vb
5 20,60 22.1 21 5 U424 Va
A 19:9 214 20 U a2,7 Vb
1e 15,5 17.8 16,4 45,0 VIb
1e 14,2 16.8 15,5 743,06 VI-2
21 16.8 18,2 ¥7 5 424 Vb
21 16.9 16,4 16,0 U2 4 VIa
21 16,0 15.0 1545 a2, 1 Vib
2] 15,0 15,4 1560 741,86 Vi
22 18,5 18.8 17,8 Y408 Vb
22 18,4 17.9 17.3 40,9 Viel
22 18:5 17.2 16,8 40,9 VTa
22 18,3 16,8 16543 Tuc," VIb
23 20,0 19.5 19.1 THOL 5 Vb
2% 19,6 19,2 1865 40,5 Viel
28 12,8 17.2. 15.6 Tl Vb
28 172 15.8 14,4 hu 8 Vi-1
29 175 17 4 16,7 L2, 4 Vb
29 16,8 16,6 16,0 U2 L VIi-1
2C 16,6 16,0 15,6 42,5 VIa
29 16,6 15,6 15,2 742, Vib
30 18,9 18,6 18,1 41,2 Vb
30 17 .8 17.8 173 41,2 VI-1
a 17.9 16,8 16,4 U3 ,3 Via
31 16.4 16,2 15:9 41,0 VIb
41 16e2 15.9 15.6 741,00 Vi-2
3 R 24 .4 2l. 4 41,8 VIa
5 225 21,0 20«9 41,9 VIb
3 22 D 20,8 20,6 741‘6 Vis2
4 25,0 22.9 27249 7R Vo
4 25,0 2242 2201 ,97 4 Viel
4 25.0 21,6 21e5 9%0.4  Vla
4 22.8 21.0 20,5 7571 i
4 2247 20,6 20,2 736,8 Vi-2
5 26,0 22.8 22,C 225.2 VIl
5 26.0 21.8 21.6 n%5,2  Vla
5 22,2 21,3 20.9 =%5.5 VIb
e 22,1 21 .6 20,8 PR LY VIb
S 14,2 165 15. 4 737 Y VIi-1
9 15.9 18,0 17:1 798.2 Ia
9 14, 1545 14,4 737.4 VIt
11 154 8 14,6 14,1 741,5 TI=l
11 1544 14,0 13,3 41,7 VIa
1L 13+.5 1%3.5 12,8 741 .6 VIb
11 15,0 15.1 12.6 41,6 Vi-2
12 18,2 16,7 16,2 41,2 VI-]
+15 16,4 1€.% 15.8 41,9 VIb
15 15,8 15,8 15.4 u2,0 VI-2

i 15.2 15,4 15.1 42, I-1

87




R. Gruji¢, M. Pokié, R. Krga, . Segan, N. Poki¢

14 22,0 19,5 19.3 7%8.4 Vb
14 19.7 17.8 17.4 738,2 VIa
18 16,2 17.1 16,4 D83 o Vb
18 15.6 16,4 15.8 734, 2 VI-1
18 15.5 15.8 15.5 73k, 3% Via
18 15,5 15,5 15,2 754 U VIb
18 15,2 15,2 15.0 75445 Vi=2
18 15,0 15,0 14,9 73U € I-1
25 9.4 12,3 10,8 722¢ 5 VIb
25 8.6 11,4 10,Y EVIN: Vi-2
26 9,8 12.4 11,2 7%9.8 Via
2 9,8 11.2 10,0 40,1 VIb

4 4 14,8 17,1 16,2 736, 4 VIb

I 14,7 16,2 15.4 736 .4 VI-2
4 16,6 15.8 15,0 736, 4 I-1
u 177 15.4 15.1 73%5,8 Ta

4 1747 15, 2 15.4 7595.1 Ib

9 11.5 12. 12.4 749.7 Via
9 10,6 12.2 11.6 7504 % VIb
9 10,4 11.8 11.2 7250.3 VI-2
9 10.5 11,4 10,9 75043 I-1
9 10.6 11.2 10,6 749,5 Ta

9 10,2 10.8 103 749,5 Ib
10 14,5 13,1 120 48,9 Vi1
10 13,4 12.6 12.4 49,0 Via
13 9.6 12,6 11,2 48,2 VI-2
13 9,0 11.6 10,4 - 48,2 T-1
15 8.2 10,9 9.6 UE L3 la

1 5.5 745 BB 746, 5 vVia
1 5,4 6.8 6,0 UG, 2 VIb
18 12.6 8,8 9.7 42,0 VIe2
18 12.9 9.0 9,8 42,3 I-1
18 13,2 11.4 9,6 242 ,% la
19 16,1 12.8 134 4] U Vi-1
19 15.4 12.3 12.8 741.,5 Via
19 T2 12,2 12.9 741 ,6 VIb
22 1%.5 13,1 13,4 245,1 vI-l
e, 12.4 12,0 17,6 45,2 VIa
22 11.3 11.5 11,0 45,6 VIb
25 1540 13.4 13,6 43,0 VIb
23 15,6 12,2 1545 43,1 I-1
23 15,7 13,1 15,2 43,1 Ta
23 15.5 12.9 15,0 42,9 Ib
24 13.4 13,4 13.4 4%, % Vi-1
24 14.9 12.8 12.6 743,35 Via
o 15,0 12,4 12,3 7,5 VIb
24 15,0 12.3 12,2 74%.5 VI-2
24 14,6 12.1 12.3 L, A I-1
25 1543 15,0 13,1 742.8 Via

25 15.4 12,8 12,9 42,8 VIb
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25 15.4 1267 12.9 42,8 VI-2
25 15.6 12,6 12,9 42,6 I-1
25 . 15,8 12.5 12,9 42,5 la
25 14,7 4 h 14,5 42,1 VIa
&7 15.9 1%.8 13,5 742.4 VIb
27. 12.9 152 12,7 42,6 VI-2
XI 1 5.9 dalk 763 747.8 Ia
1 5.4 6.7 B 477 Ib
2 5.8 6.0 5.4 46,1 Via
2 4.6 5.6 5.0 46,3 VIb
2 4,6 55 540 TUE B VI-2
2 4,7 3.8 4,2 45,9 Tl
5 4,6 5.2 4.9 7292 VIa
5 4,0 5.0 4.5 729.4 VIb
é 10.1 8,2 3.8 7294 VIb
7 1%,2 10,2 11,2 739.8 VIa
7 10.6 9.9 10,0 DU 4 VIb
7 105 Ot S5 4L, 4 vI-2
8 11.0 9,8 9.7 4046 VIb
8 9.6 9.5 9,2 40,6 VI-2
8 9.2 901 809 74’607 I-l
8 8,8 8.8 8.8 40,7 Ia
9 11,0 10,0 10,2 759.5 VIa
9 9.C 9.0 9.0 40,0 VI-2
9 8.8 9.0 T 79599 I-1
9 8,1 8.2 8,2 40,1 Ib
11 2.8 6.6 4,6 2T 8 la
11 1.6 5.2 2,3 48,0 b
. 1.2 4,2 3.4 46,1 Via
15 - l.O l.o ().2 = Ia
lq' - 1.5 006 - Ool :7400 5 VIb
14 - 2.4 - 0.9 - 1.4 G, -1
22 506 Z'{'ou' 407 75(3’08 I"'l
& 500 405 406 759.8 Isa
o 6.0 4,2 4,6 738, 8 Tb
25 11.1 9,6 183 741,85 T=1
25 12,0 Qe 9.8 741.8 Ia
25 12.0 Qo lt 9.8 U2 U Ib
26 13.8 1G,7 11.4 740, 5 VIb
28 o e~ S0 4,0 750.5 VIb
28 2,2 b4 342 50,5 Vw2
28 351 b Pl ) S H 75U, 5 I-1
28 3.7 301 2014 ‘.'5005 Ia
o8 2.2 2.9 2,2 749, 6 Ib
28 2,2 2.6 2.1 U 6 I-2
X17 & Hel B 5.2 45,2 VIb
% 2.8 2.7 2.5 45,8 T=1
4 1.6 1.6 1.4 49,7 VIb
4 0.7 1.2 1.0 750, C I1-1
5 1.4 1.4 1.3 799:7 VIb
5 - 0,2 0.4 w 02 49,7 i
12 1.0 1.4 C.8 TUE O ¥ w2
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12 0,6 0.8 Ce2 746.1 I-1
18 12,0 6.6 9.0 743 .4 Vi-2
18 12,2 7.0 9,0 43,7 I-1
18 11.2 7.0 Be? 43,7 Ib
19 Bac Sad Ded 746.9 1-2
15 5,8 5.0 S0 747 .2 I1a
19 5.0 4,6 4,7 746.9 ITb
1985
iz 4 - Gl - 4,6 -~ 5.6 729 .8 I-1
4 — 7.0 - 509 - 609 73000 Ia
4 - 706 = 6.3 - 702 75()-2 Ib
13 - 8.6 - 7.7 - 7.8 43,4 1-2
15 - 8.8 - 8.1 - 8.5 745.“ IIa
17 - 9.5 - 6.5 = 7.3 737.8  Ila
17 - 9.6 - 7l 8.4 73742 ITb
50 0-9 - 009 - 1.1 745.9 1b
31 0.7 = Oyt 0.0 1 12
51 le4 -~ 0.6 - C,1 42,1 ITa
II q’ - 403 - 208 - 507 74604 I“2
4 - 4,2 - 3.4 - 4,3 746 .4 ITa
I11 4 1.6 0.9 1,0 44,1 IIb
5 842 4l 5.0 747.1 IIb
5 V.alls 4,0 4,8 P47 .6 I1I-1
7 . 1.7 1e3 748,11 ITb
7 CeB 1,2 0.9 48,5 I1I-1
13 ~ Ol = 0,2 - 0.5 41,7 IIT-1
25 7¢6 6.2 6.5 739.4 III-1
25 Fail Du g 546 72'9-9 11Ta
30 908 618 6.9 74104 IIIa
50 9.6 6.6 e 7414 IITb
50 Veb 6.6 T35 74145 ITI-2
51 171 11.8 12.8 757.1 I1I-1
31 15.9 11.4 12.2 737.1 I1Ia
v 1 11,0 10,4 10,2 41,5 IITb
5 14,2 12.8 12 743.% IT1a
5 11,9 1147 11.4 74%.8 IITb
4 15.4 15,2 13,1 759,.7 I1Ia
4 15,0 12,7 12,8 739.7 IITb
5 18,6 15,8 16,1 7%6.1 I1Ta
5 18,6 15,2 15.4 736,1 IIIb
> 17,0 14,8 15,0 735.6 I1I-2
7 10,0 11.6 1046 V36,4 1IIa
7 8.8 10,7 10,1 75741 IIIb
10 14,6 16.4 15.6 751.8 IITa
13 Bug 9.4 8.6 7324 I111-2
13 8.0 8.8 8,0 734,8 Iv-1
13 7.9 B4 7.8 734.,3 Ve
20 10,8 10,2 10,1 759.4 IIIb
20 10.8 Sec g.8 7991t I1I-2
20 G .8 8.3 739.7 Iv-1
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20 9.1 8.5 8.0 229.7 IVa
21 11.9 11,0 10.6 74U E IITb
22 14,0 Y if PO 132.0 736.% ITIb
22 15,1 11,8 11..2 736,00 I11T1-2
23 1642 14,6 14,6 750:6 IITb
25 15.4 13,4 15,2 720, 8 I1I-2
, 25 7.8 7ol Bs'7 736,6 III-2
v 7 15:0 15.6 14,4 736,0C IV
: o 13.2 14,8 15,8 75742 IVa
12 18,1 18,3 18,1 738.1 11I-2
12 1&8.1 17.6 17.1 738,11 V-1
12 16, 16,6 16,5 758.9 IVDp
28 21.5 2V, 4 19,5 73743 IVa
29 1902 2\).4 1904 755-8 IVa
: 29 18,2 18,2 175 255.6 V-2
VI 5 20,8 19.4 192 7597 IVa
5 20,8 19,1 19,0 7397 IVb
% 20,5 18,6 18.4 Y295 V-2
5 19:7 18.2 18,0 739.,% Va
S 24,5 22,0 219 757.8 IVb
& 22,8 21.4 els2 727 <6 Iv-2
iz 15.4 150 14,5 757U Iv-2
12 15,1 13,4 13, 4 736,3% Vb
16 12,7 16.4 Se '758.8 Iv-2
1 12.7 13,6 12.5 297 «8 IVb
18 12,0 12.8 11.9 738.,1  IV=2
& 11,1 11.8 11.5 7384 Va
26 19,6 18.2 18,0 42,2 IVb
26 17.9 172 16.5 41,9 Iv=-2
26 17.8 15,6 15,0 41,2 Vb
30 20,0 18.5 17.8 41,3 JV-2
30 M2 17.6 17.C 741,9 Va
A0 20,2 17.0 16,6 UG, Vb
V1l 5 16,5 18,6 17.6 .0 V-2
5 15.8 16.6 15.6 7259 Va
5 14,9 157 15.2 7595 Vb
6 15,7 16,6 15.5 741,0 Va
G 16,2 16,6 15.6 40,3 Va
9 14,9 15.8 15.0 240,0 Vb
11 17.8 17.8 16,7 41,6 Va
11 15.6 16,8 15.8 42,0 Vb
13,9 18,3 74342 Va
it 18,0 17.5 4% 4 Vb
P 21.0 20,4 19,5 = Va
13 18.6 19,5 18.6 04840 Vb
14 21,5 202 19,6 74%.,0 Va
14 2C.6 19,8 19.2 743 ,1 Vb
15 22,4 2 7 20.9 42,5 Va
15 2l.6 20,8 2 G h2,7 Vb
16 BBy 22,3 21.6 42,1 Va
16 25,0 21,6 2. T42,.C Vb
19 P24 22,7 22.2 AT A Va
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19 2145 21.7 20,7 738.0 Vb
20 25.4 - 24,0 23,4 P57 .7 Va
20 25,0 23,2 2247 737 .6 Vb
22 17.5 18.6 17.2 46,6 Va
22 16.4 17.8 16.4 46,5 Vb
22 15.9 16,8 15,6 46,0 VI-1
2% 20,7 19.9 19.4 43,9 Vb
23 2L, 2 19,2 18,6 43,6 VI-1
e 21.0 2lel 20,4 40U, 8 Vb
26 23,5 22,4 21.6 738 4 Va
e 27 .6 238 24,0 TG Vb
2 27 2 24 .4 23,6 3o IR Va
A0 29 1 26,6 26,2 TARULT Va
VIIT 1 19.8 2244 20,4 738,6 Va
11 23,3 21,6 20,7 41,8 Vb
11 45,9 20,7 20,0 42,0 VI-1
12 27,6 220 27 L 42,8 Vb
14 25,6 24,2 25,7 42,2 Va
14 23.6 23,0 2242 42,6 Vb
17 24,6 25,0 22.6 738,6 VI-1
17 23,2 22,2 21,8 737 .6 Via
17 21.9 2l1.6 214 37,2 VIb
21 20,4 21,6 20,7 43 .3 Vb
21 19.6 20,4 19,2 743,5 VI-l
23 24,0 22.8 22.2 41,0 VIi-1
23 2%.8 22.0 21.4 741,0 Via
23 22.8 21,4 21.0 40,6 VIb
31 19,5 19,7 18,2 740,8 VIi-1
A1 18,2 19,2 18.8 41,0 VIa
TX 3 24,0 21,2 21.5 7591 Vlia
6 15,6 15,8 15,0 42,1 VI-1
10 12.6 13,7 12,4 745.5 VI-1l
11 15,8 15,1 18,0 US4 Vb
11 14,8 14,1 13.6 45,2 VI-1
12 16,2 15,0 14,6 U2 A VIi-1
12 12.6 14,0 1%,1 43,4 Via
1 12.9 12.9 12,2 43,0 VI-1
13 11.4 12.2 11.6 43,0  Via
13 10.8 11.0. 10,6 42,9 VI-2
13 10,1 10,6 10,1 42,8 I-1
19 18,2 17.5 17.4 45,1 VI-1
19 17.2 16,6 16,4 44,6 Via
24 21.6 20,1 19.6 40,1 Vi-1
Rl 21.5 19.1 19,0 40,4 VIb
24 21.6e 18.9 19,0 a4 VIi-2
X 2 18.6 15,2 15,0 I4€,,9 VIb
g 2 19,2 15,0 14,8 TLE, 7 VI-2
& 18,2 15.9 15,8 42,7 VIb
¢ 17.9 15.6 15,4 43,0 VI-2
2 78 9.0 8.9 4G, VIb
22 10.5 9.2 g.2 U5 .7 VIe?2
e 5.5 6.1 5.6 751.6 I-1
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24 3.8 5e6 4,7 751 .7 Ia
2 7o C s G2 75C,. 5 VI-1
25 7.0 Suith e 75G.8 VIa
22 5.8 52 5.0 7511 VIb
25 5.8 5.0 G TN ¢ Rl o T | VIi-2
X1 7 By 0,9 L5 AL A7 VIb
7 52 4.4 4,0 2275 VI2
7 e 4,1 B L e I-1
r;“’ 502 2'08 ;\0’7 T}:?.( Ta
9 Q4 2.0 a,2 41,6 VIb
9 5.6 7.0 T 42,8 VIi-2
9 79 7ot P ui 7461 I-1
10 15.8 1C,2 11,9 V7 o0 Via
10 15.8 1C,2 11,6 754 .6 VIb
10 15,7 1G,2 11.6 ST VI-2
10, 15.6 1¢C.C 11.4 P8 -1
10 15,6 10,% 12,0 PR B 1la
29 - 0,2 I - U5 45,2 VIi-2
29 - 0,2 - U2 = 10 TG S =1
L % 16.9 7.5 2,0 One L8 Ib
3 11.C 7.0 7.8 247 .3 I-2
4 11,7 7.8 9.4 PUE L6 VIb
i 11.7 7«5 3,6 UG 6 Vi=-2
‘t 11.6 Vel 9.8 UG 4 I-1
4 11.6 e e 46,1 T1a
4 11,6 78 8.8 46,1 Ib
> 1542 78 DD 41,7 I-1
5 9.5 7.6 8.4 41,6 Ta
& 12.°2 &l 10.C 741,53 VIi=2
6 12,2 Bed 48 41,3 I-1
£ 10,2 8.2 o4 U425 Ta
6 10,2 &,0 8,S u2.5 Ib
7 11.9 Selk Y8 41,4 Ia
2 11.6 S5 9.4 41,5 Ib
8 10,3 TS 7.8 THL.7 VI-2
& 10,5 Pab 7l 41,7 I-1
8 10,3 2.0 Vot U2, 3 Ta
8 10,3 6.8 ‘73 42,3 Ib
9 10,1 I 9.0 41,1 I-1
22 IS B 3.6 e, 4 I-1
22 546 2.6 2.8 U6, 4 la
20 Bl B gl 2 o 46,5 Ib
R 2.0 1.6 2.6 VE2NE I-1
25 1.0 1,0 O.4 Th2,06 Ia
25 0.0 Ok Gl U2, Ib
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MTOCMATPAIbA HA 3EHUT TEJIECKOMY (110 mm) CJIYXBE WHPUHE
ACTPOHOMCKE OICEPBATOPHUIE Y BEOTPAZLY ¥ 1983, 1984, 1985

P. T'pyjuh, M. Bokuh, P. Kpra, C. lileran, H. hokuh
Acrponomexa oncepbaropuja, Boaruna 7, 11050 Beorpag, Jyrocaabuja

YK 521.936/.938
Crpyunu, pag

[laTit Cy MeTeopIIOILKM TIOflali MepeHH Yy TOKY llocMarparba y nepuopty 1983 —1985.
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DIGITAL DESIGNATIONS OF CATALOGUES AND SURVEYS
OF STAR POSITIONS

(Series 2)

{G. Telekijand I. Pakvor

Astronomical Observatory, Volgina 7, 11050 Belgrade, Yugoslavia

(Received: November 26, 1990)

SUMMARY: Digital destignations for further 49 catalogues and surveys of star po-
sitions are given. These 49 catalogues were not included in ,Bibliography of the Ca-
talogues of Star Positions” (Sevarli¢ et al. 1978). The designations contain 16 infor-
mation groups with a total of 50 digits for observational catalogues and 10 groups
with the total of 36 digits for other catalogues (derived, fundamental) and surveys.

INTRODUCTION

Following the suggestion which was given at IAU
Coll. 48 ,Modern Astrometry”, Vienna 1978, (Teleki,
Sevarli¢ 1978) we are giving a list of further 49 digital
designations of catalogues which were not included in
.Bibliography of the Catalogues of Star Positions”
{Sevarli¢ et al. 1978).

The designations contain 16 information groups of
50 digits for observational catalogues and 10 groups of
36 digits for other catalogues (derived, fundamental)

and surveys of star positions. These 10 groups are iden-
tical with the first 10 groups of informations of the
observational catalogues.

Explanations for each individual digit are given in
,,Digital designations of catalogues and surveys of star
positions; Series 1” (Teleki, Pakvor 1989).

As these catalogues were not included in mentio-
ned Bibliography the register number does not depend
to any other number and starts from 3001.

The List of institution digits is also published in
Series 1.

DIGITAL DESIGNATIONS OF CATALOGUES AND SURVEYS OF STAR

POSITIONS; SERIES 2:

Zverev. M. S.: 1956, Katalog slabyh zvezd (KSZ), chast’ 1 (KSZ—1). Glav. Astron. Obs. AN SSSR, lzd. VI-

NITI, Moskva, 9--116.
300141005257 11 301901 2 195001 195001 010

Zverev, M.S.: 1956, Katalog slabyh zvezd (KSZ), chast” 2 (KSZ-2). Glav. Astron. Obs. AN SSSR, fzd. VINITI,

Moskva, 117 -327.
300241010433 11 300301 2 195001 195001 010
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Zverev, M.S.: 1956, Katalog slabyh zvezd, spisok dvojnyh zvezd i zvezd, okolo kotoryh est’ blizkie sosednye
zvezdi (KSZ1). Glav. Astron. Obs. AN SSSR, Izd. VINITI, Moskva, 331-340.
3003 4 1 000488 22 301901 2 195001 195001 010

Zverev, M. S.. 1956, Katalog slabyh zvezd, spisok dvojnih zvezd i zvezd, okolo kotoryh est’ blizkie sosednie
zvezdi (KSZ2). Glav. Astron. Obs. AN SSSR, Izd. VINITI, Moskva, 341 —-365.
3004 4 1001297 22 300301 2 195001 195001 010

Schmeidler , F.: 1957, Messungen fundamentaler Deklinationen auf beiden Hemisphiren; Deklinationen der
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MM yRIbyueny y ,, bubmiorpadujy karanora 3e3manux mo- Karanore (M3BepeHe, GyHIaMEHTATHE ) M JTHCTE,
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SUMMARY: In this paper the scientific and professional activity of our distinguished
astronomer George Teleki (20.4.1928, Senta — 23.2.1987, Belgrade) is presented and
his complete bibliography is given.

In this paper a review of the scientific and profe-
ssional activity is given, as well as of the work on popu-
larization of astronomy, aimed at offering a better
insight into G. Teleki’s fruitful scientific career.

In spite of the effort to complete all data con-
cerning G. Teleki’s activity, the work on reviewing his
rich activity may be, even after this contribution, not
comprehensive because his papers are still being pub-
lished despite of the four--year distance from his death.

His active work in the field of astronomy compri-
ses a wide spectrum of activities: from the scientific
production, science popularization and editorial acti-
vity to the science organisation in the world and here.

Though at the Astronomical Observatory in Bel-
grade his research field was in astrometry, his interest
was much more ample: he also wrote and published
papers belonging to other parts of astronomy and to
kindred sciences. His special contribution was in the
field of astronomical refraction in which he made his
PhD thesis entitled ,,A Contribution to the Research
of Astronomical Refraction and its Anomalies on the
Basis of Aerological Measurements carried out in Belgra-
de”.

The contributions published by G. Teleki and
about him are divided into:

1. scientific and professional papers;

2. popularization of astronomy;

3. articles about G. Teleki,
followed by a clear division according to the years of
publishing.

The list of scientific and professional papers con-
tains 160 references and that of popularization papers
285 ones. :

Teleki’s published scientific and professional pa-
pers can be divided into following groups:

— astronomical instruments and equipment (re-

ferences 1.19, 1.20, 1.29, 1.30, 1.42, 1.43, 1.44,
145, 1.51, 1.58, 161, 1.69, 183, 1.87, 1.96,
1.102,1.104, 1.134);

- positional astronomy — catalogues (references
1.3, 14, 1.8, 110, 1.17, L.31, 1.34, 1.38, 146,
[.68, 1.82, 1.110, 1.137, 1.139, 1.148, 1.149,
1.150,1.160);

— method and reduction of astronomical observa-
tions (references 1.6, 1.24,1.64, 1.66);

— astronomical refraction (references 1.33, 1.35,
137, 147, 1.53, 162, 1.71, 172, 173, 1.74,
1.75,1.76, 1.77,1.78,1.84,1.86, 1.89,1.90, 191,
195, 199, 1.100, L.108, I.112, L113, L.119,
1.126, 1.131, 1.136, 1.140, 1.144, 1.146, 1.147);

— latitude determination and variations (refe-
rences 1.1, 1.2, 1.5, L6, .7, 1.9, .11, 1.12, 1.13,
[.14, 1.15, 116, 118, 1.21, 1.22, 1.23, 1.25,
I.26, 1.27, 1.28, 1.36, 1.39, 140, 141, L.50,
1.54, 1.55, 157, 1.59, L60, 1.63, 165, 167,
L70, 1.85, 1.103, L.109, L.114, 1.118, 1122,
1.123,1.130,1.151, 1.152, 1.154);

— dynamics of the Solar System (reference 1.145);

— cosmogony (reference 1.143);

-- geophysics (reference 1.133);
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-- climatology and astroclimate (references 1.48,
1.49,1.81,1.94,1.120,1.132);

— history of astronomy (references 1.105, 1.115,
[.121, [.135);

— teaching of astronomy (reference 1.32);

— development of astronomy (references 1.52,
I.56, 1.79, 1.80, 1.92, 1.98, 1.101, 1.106, I.111,
1.124,1.127,1.128,1.129,1.141,1.142);

— bibliography (references 1.88, 1.93, 1.97, 1.107,
1116, 1.117, 1.125, 1438, 1153, 1155, 1156,
1.157,1.158, 1.159).

In Fig. 1 a plot of Teleki’s scientific and professio-
nal papers versus year of publication is presented where
n is the number of papers. A few peaks are noticeable in
this plot. They belong to the periods: 1968—1970,
1975, 1981-1982, 1985-1987. On the basis of the
number of papers published in the last years of his life
it is seen that he died in the prime of his creative power.

In Contribution II. Popularization of Astronomy °

numerous articles published in specialised journals or in

the daily press show that a big work was done by G.

Teleki also in the field of astronomical popularization by

writing in topics of current and public interest. The ma-

jority of popularization articles was published between

1975 and 1987 in newspapers ,Ekspres Politika™ and
,,Magyar Sz6”

The review of the popularization articles presen-
ted above does not include a few articles published in
the daily press for which the present author has not
been able to establish the exact references. Their titles
are: ,,Ustokosok™ (7 Nap, 12), ,Hésapka a Mars pélu-
sain” (7 Nap, 12), ,,A Vénuszom nem volt a Holdom
sosem lesz élet” (7 Nap, 12), ,,A vildglir rddi64llomésai”
(7 Nap, 12), ,Bolyongis a Tejiton” (7 Nap, 12) and
,»Van—e bolygé a Plutén tul is?”. .

As a contribution to the populanzatlon of astro-
nomy G. Teleki prepared for publication a book enti-
tled ,,Astronomska ¢&itanka” which was planned to be
published in 1981 by publishig house ,,Vuk Karadzi¢”,
but has not been published yet.

Here, the present author wishes to mention that
G. Teleki contributed to the astronomical science by
participating in about 60 direct broadcasts of scienti-
fic programmes of Radio—Televisions Belgrade and Novi
Sad. He also commented a few scientific programmes
and delivered several lectures in the framework of
schools of atronomy and popular universities in the who-
le of Yugoslavia.

There were several interviews with Teleki as a
Yugoslav astronomer which finally contributed to popu-
larizing of astronomy through the personality of a di-
ligent and active astronomer.
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Fig. 1. The scientific and professional papers of G. Teleki
versus year of publication.

In Part IIL ‘Articles about G. Teleki (list b—In
Memoriam) four notes entitled In Memoriam published in
Hungarian periodicals are not present because their
exact references are unknown.

G. Teleki devoted his time, among others, also to
the editorial activity. In the journal , Publikacija Astro-
nomske opservatorije u 'Beogradu” he was a member of
the Editorial Board from No 19 to No 32, as well as for
no 34, and its editor—in—chief for No 20, No 26, No 32
and No 34; in the case of ,Bulletin de 1’Observatoire
Astronomique de Belgrade” he was a member of the
Editorial Board from No 126 to 133 and its editor—in
—chief for No 134,135 and 136. He was also in the Edi-
torial Board of ,,Vasiona”, the journal of the astronomi-
cal society ,,Rudjer Boskovi¢” from its first issue in
1967 till the first issue for 1987.

G. Teleki’s published papers, either the scienti-
fic ones or the popularizational ones, will be a source
of interest during many years for a large number of
specialists, above all astrometrists, as well as for those
working in the fields close to astrometry, and in the
same way for many people who like astronomy.
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I.Bibliography of the scientific and professional papers*
1955
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XXyNo.1-2,4. e

4. ¥ ¥ ¥ (Observers:Brkicd, Cepinac,Djurknvic,M.Simié,Oskanjan,
Protitch,Teleki):1956,0ccultations d’étoiles par .la Lune
observées a 1’Observatoire de Beograd en 1955,Bull.Obs.As-
tron.Belgrade,XX,No.3-4,2,
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lunette zénithale (de 110 mm) du Service de latitude de
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njian,Protitch,Teleki)::1957,0ccultations d’etoiles par la
Lune observées a 1’Observatoire de Beograd en 19546,Bull.0bs,
Astron.Belgrade,XXI,No.1-2,8.
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lunette zeénithale (de 110 mm) du Service de latitude de
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10. ¥ ¥ ¥ (Observers:Dafic,Brki¢,Cepinac,Djurkovié,Mitid,Oska-
njian,Protic¢,Simi¢,Teleki):1958,0ccultations d’etoiles par la
Lune observées a 1°’Observatoire de Beograd en 19546,Bull.Obs.
Astron.Belgrade,XXI,No.3-4,8.

—

* The reason why one finds in some references the initial G. and in other ones D. is in the translation of Teleki’s first name.
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komete, "Komete svedoci proslosti”,Astronomska opservatorija,
Astronomsko drustvo "Rudjer Boskovic",Beograd,79.

1987

196.[Teleki, G.],Sugawa,C.:1987,0n the nature of Astronomical ref-
raction,Publ.Astron.0Obs.Belgrade,35,1.

147JTeleki,GJ:I?S?,Optical refractionitherminology and standards,
Publ.Astron.0Obs.Belgrade,35,338. i

148.[Teleki, G4, 6rujic,R.:1987,Catalogue of declinations and pro-
per motions of 36 Belgrade zenith stars,Astron.Astrophys.177
313.

of zenith stars, IAU Col1.100, Fundamental Astrometry,Belgrade,

Sept.8-11,1987 (in press),.

150.,Grujié,R.:1987,Belgrade catalogues of declinations
and proper motion of zenith stars,Bull.Obs.Astron.Belgrade,
137,5S. i ' )

151.6rujid,R. ,[Teleki,6.:1987, Investigations of the EW-WE effect
in the latitude determinations with the Belgrade zenith-te-
lescope in the period 1969.0-1981.0,Bull.0Obs.Astron.Belgrade,
137,11. )

152’.Grujié,R.,Es_l__e_wld_,_?u]:].?B?,The widened Belgrade latitude obser.
vational pragramme and its characteristics,Bull.Obs.Astron.
Belgrade, 137,14,

153.[Teleki,6.:1987,Bibliography of papers of the Belgrade Astro-
nomical Observatory research associates published in the pe-
riod 1984-1986,Bull.0Obs.Astron.Belgrade,137,91.

1988

1544Teleki;GJ,Gruich,R.:1988,0 lichnykh oshibkakh nabl’yudatelya
pri vizualnykh opredeleniyakh shirot sposobom Tal’kotta,Kine-
matika i fizika nebesnykh tel,T.4,1,71. (Translated in: Te-
leki,G.,Grujié,R.:1988,Per50nal errors of observer in visual
determinations of latitude by the Talcott method,Kinematics
Phys.Celest.Bodies,Vol.4,1,78.)

1989
1554Teleki,G.LPakvor,I.:1989,Digital designations of catalogues

and surveys of star positions (Series 1),Bull.0Obs.Astron.Bel-
grade, 140, 131.
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1990

156.§evarlié,8.JTei;E?:Eﬂ,Atanackovié—Vukmannvié,0.,Pakvor,I.:
1990,Biblingraphy of catalogues and papers on parallaxes;
Publ.Astron.0bs.Belgrade,40,79.

157.§evarlié,8.JTelek{TEH,Pakvor,I.,Atanackovié-Vukmanovié,0.:
1990,Bibliocgraphy of catalogues and papers on proper moti-
ans,Publ.Astron.0Obs.Belgrade, 40, 129.

158.éevarlié,B.,Telgkilg.,Atanackovié-Vukmannvié,0.,Pakvor,l.:
1990,Bibliography of catalogues and papers on radial velo-
cities,Publ.Astron,0Obs.Belgrade,40,239.

159.Telgging,Pakvor,I.:(in press in this volume),Digital de-
signations of catalogues and surveys of star positions (Se-
ries 2),Bull.0Obs.Astron.Belgrade,143.

160.Mijatov,M. [Teleki,G.], Bozhichkovich,D.,Trajkovska,V.: (in pr-
ess in this volume),Catalogue of declinations of 307 bright
stars in the zone +45°- +90° (BCAD),Bull.Obs.Astron.Belgrade,
143. :

II.Popularization of astronomy
1952

1.Teleki,G.: Hétfdn napfogyatkozds lesz,Magyar $z0,22.2.1952.
2.Teleki,G.: Van-e €let a vilagurben,Magyar Szd, 18.5.1952.

1954

3.Teleki,G.: Haolnap delben lathatd leszﬂa napfogyatkozas Vaj-
dasagban,Magyar S5zd,30.6.1954.

1956
4.Teleki,G.: A Fold bonckés alatt,” Nap,21.5.1956.
S5.Teleki,G.: A virts bolygd *titikzatos" kandlisai,” Nap,
28.9.1956.
6.Teleki,D.: 1256,Upoznavanja Marsove povréine,Vasiona,3,59.
1957
7?.Teleki,G.: UstokBsok - a naprendszer szbkokutai,Magyar Szo,
23.5.1957. ‘
8.Teleki,G.: Uj Ustdkos,Magyar Sz0,16.8.1957.
1958
?.Teleki,D.: 1958,Prasina u Vasioni,Vasiona,VI,1,11.

1960

10.Teleki,D.: 1260,Planovi za posmatranje potpunog pomracenja
Sunca 15.2.1961 godine,Vasiona,VIII,3,”1.
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11.Teleki,D.: MozZe 1li se stvoriti povoljnija klima na Zemlji?,
Politika,14.9.1960.

1962
12.Teleki,D. 1962,0 nekim teorijama,Vasiona,3,84.

13.Teleki,6G.: A naptevékenyseég €s az emberi szervezet,Magyar
$20,13.6.1962.

14.Teleki,G.: HG kovetonk a Hold,Magyar 826,29.7.1962.
15.Teleki,D. Plava, zelena ili bela planeta?,Ilustrovana Poli-
tika,14.9,1962.
1264

16.Teleki,D.: 1964,Jedina narodna i skolska opservatorija u
Nemackaj ,Vasiona, 1, 10.

1965

17.Teleki,D.: 1965,Treci godisnji skup madjarskih amatera-
- astronoma,Vasiona,3,3%.

1967
18.Teleki,D.: 1967,Nekoliko reci o astrometriji,Vasiona,;2,30.
1968
19.Teleki,G.: Az Ikarusz kisbolygorol nincs ujabb hir,Magyar
Sz0,14.6.1968.
20.Teleki G.: A nyugtalan Nap,Magyar Sz0,11.6.1948 - 20.6.1968.

1969

21.Teleki,D.: 1969,Meteoroloski i klimatski uslovi na planetama,
Vasiona,1,9; Vasiona,2,34; Vasiona,3/4,460.

1971
22.Teleki,D,.: 1971;Zemlja se éiri?,VasiDna,l,B; Vasiona, 2, 28.
23.Teleki,G.: *"0Oh Tdrd ki vegtelen nagy €9 rejtdlyes es szent
kanyvedet elottem...”,Magyar Sz2d9,31.12.1971 (1,2.jan.1972.)

1972

Mi is a hullocsillag?,Jé Pajtés,29.1.1972.
Az érapély oka, Magyar 826,6.2.1972.

24.Teleki,G.
25.Teleki,G.

1973

26.Teleki,G.: A kopernikuszi forradalom,Magyar 326,18.2.1973.
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27.Teleki,G.
28.Teleki,G.

A hajascsillag,Magyar 526,23.12.1973.
Milyen tudnményos eredmények szulettek,Magyar

$z0,31.12.1973 (1,2.1.1974),16.

1974

29.Teleki,G.: Csillagaszat és a foldontali civilizaciok,Magyar
$20,31.12.1974 (1,2.1.1975),19.

30.Teleki,D.

1975

1975, Nove metode za pradenje pomeranja Zemljinih

polova,Vasiona,2,37.

31.Teleki,G.: A lathatatlan csillagaszata,Magyar $z0,30.4.1975
(1,2.5.1975),19.

32.Teleki,G.: Halnap reszletes napfogyatkozas lesz,Magyar S$zo,

10.5.1925
33.Teleki,D.

134,17,
34.Teleki,D.

Astronomski teleskopi,Politika Ekspres,13.5.1975,

Izbor mesta za opservatoriju,Politika Ekspres,

20.5.1975,141.13., ,
35.Teleki,D.: Astronomske opservatorije, Politika Ekspres,
27.5.1975,148,13.

358.Teleki,D.
155.13. .

3
-

Jupiterovi sateliti,Politika Ekspres,;3.6.1975,

37.Teleki,D.: Postoji 1i deseta planeta?,Politika Ekspres,
1.7.1975,183.13.

38.Teleki,D.
189,11.
39.Teleki,D.
40.Teleki,D.
22.7.1975
41.Teleki,D.
11.
42.Teleki,D.
11.
43.Teleki,D.
217,11.
44.Teleki,D.
45.Teleki,D.
26.8.1973
46.Teleki,D.
235,11.
47 .Teleki,D.
4g. Teleki,D.
7.10.1975
49.Teleki,D.
17.
50.Teleki,D.

L

(1]

Sunce u predanju Srba,Politika Ekspres,8.7.1975,

éovek i vreme,Politika Ekspres,15.7,.1975,194,11.
Kako se nekad merilo vreme, Pplitika Ekspres,
200,11.

Vremenska sekunda,Politika Ekspres,29.7.19275,206,

Mesno, zonsko vreme,Politika Ekspes,5.8.1975,211,
Kalendarsko ratunanje,Politika Ekspres,12.8.1975,

Sunfev kalendar,Politika Ekspres,19.8.1975,223,11.
Kako popraviti kalendar,Politika Eskpres,

229,114.

Racunanje godina 1 era,Politika Ekspres;2.9.19735,

Kameni kalendari,Politika Ekspres,?.9.1975,241,17,
Racdunanje vremena kod Srba,Politika Ekspres,
2645,17. :

Novembarsko nebo,Politika Ekspres,11.11.1975,295,

Sta bi donelo vestacko Sunce,Politika Ekspres,

25.11.1975,307,15.
91.Teleki,D.: Novosti o Jupiteru,Politika Ekspres,2.12,1975,311

13.
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S52.Teleki,D.:

Astronomija u drevnoj Kini, Politika Ekspres,

9.12.1975,316,13.

53.Teleki,D.:
S4.Teleki,D.:

Poreklo kometa,Politika Ekspres,16.12.1975,322,17
Astronomija u sluZbi istorije,Politika Ekspres,

23.12.1975,328,17.

55.Teleki,D.:

Sé6.Teleki,D.

57.Teleki,D.:
15,
58.Teleki,D.:
15.
59.Teleki,D.:
I11,17,185.
60.Teleki,D.:
I11,23,15.
61.Teleki,D.:
29,15.
62.Telekiy, D.:

Zvezde padalice,Politika Ekspres 30.12.1975,15.
1975-76,Matematitko-fizicki list,Zagreb,2,62.

1976
Meteoriti i Zemlja,Politika Ekspres,6.1.1976,337,
Nebeske bombe,Politika Ekspres,13.1.1976,111,12,
Rotacija nebeskih tela,Politika Ekspres,20.1.1976,
Istrazivanje Venere,Politika Ekspres,27.1.1976,
Venerina panorama,Politika Ekspres,3.2.1976,111,

Sirijus i njegov patuljak, Pnlxtika Ekspres,

17.2.1976,111,41,15.

63.Teleki,D.:
111,58,13.
64.Teleki,D.:

Dali se Vasiona sSiri,Politika Ekspres,?.3.1926,

Nepostojanost u Vasioni,Politika Ekspres,

16.3.1976,111,64,13.

65.Teleki,D.:

Jubilej Remerovog otkrica,Paolitika Ekspres,

23.3.1976,111,70,13.

&6.Teleki,D.:

I111,85,13.
67.Teleki,D.:

Komete u 1976. goadini,Politika Ekspres,30.3.1976,

Pomracenje Sunca i Meseca,Pplitika Ekspres,

13.4.1976,111,98,13.

68.Teleki,D.:

I11,104,13.

69.Teleki D, :
110,13.
70.Teleki,D.:

I11,114,15.

71.Teleki,D.:

Zvezde prnleénog neba,politika Ekspres;20.4.1976,
Saturnov prsten,Politika ekspres,27.4.1976,111,
Mars u novoj svetlosti,Politika Ekspres,;4.5.1976,

Ima 1i Zivota na Marsu?,Politika Ekspres,

11.5.1976,111,120,185.

72.Teleki,D.:

111,126,13.

73.Teleki,D.:

Grinicka opservatorija,Politika Ekspres, 18.5. 1976

SazvezZdje Velikog Medveda,Politika Ekspres,

1.6.1976,111,138,13.

74.Teleki,D.:

Atmosfera Suncevih planeta,Politika Ekspres,

29.6.1976,111,162,13.

75.Teleki,D.:
76.Teleki,D.:

IT1,175,11.

77.Teleki,D.:
181,11.

Njutn i jabuka,Politika Ekspres,6.7.1976,111,169.
Zemljiina rotaciona osa,Politika Ekspre§,13.7.1976,

Nebo bez zvezda,Politika Ekspres,20.7.1976,111,
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78.Teleki,D.: Zemlja bez Meseca,Politika Ekspres,27.7.1976,111,
187,11.

79.Teleki,D.: Elipsasta putanja Zemlje oko Sunca,Politika Eks-
pres,3.8.1976,111,192,11.

80.Teleki,D.: Konkavna Vasiona,Politika Ekspres,10.8.1976,111I,
199,11. " s

81.Teleki,D.: 2elja jaca od znanja,Politika Ekspres,31.8.1976,
I11,217,13.

82.Telekiy,D.: Merkur i Mesec,Politika Ekspres,”7.92.1976,111,223,
13.

83.Teleki,D.: Koliko je teska Zemlja,Politika Ekspres,14.9.1976,
I11,229.11.

84.Teleki,D.: Tajanstveno Sunce,Politika Ekspres,21.9.1976,111,
235,11.

85.Teleki,D.: Sateliti oko Zemlje,Politika Ekspres,;28.9.1976,
I11,2491,11.

86.Teleki,D.: Svetlost u polju gravitacije, Politika Ekspres,
5.10.1976,1I11,247,11. ,

87.Teleki,;D.: Jesenje zvezdano nebo (I), Politika Ekspres,
12.10.1976,111,253,11.

88.Teleki D.: Jesenje zvezdano nebo (II1), Politika Ekspres,
19.10.1976,111,260,11.

89.Teleki,D.: Ultraljubicasta astronomija, Politika Ekspres,
26.10.1976,111,266,11.

?0.Teleki,D.: Laboratorije na Marsu,Politika Ekspres,2.11.1976,
I111,262,11. -

P1.Teleki,D.: Zemlja vidjena iz satelita, Politika Ekspres,
9.11.1976,1I11,267,13.

92.Teleki,D.: Nastanak planetoida,Politika Ekspres,16.11.1976,
I111,223,13.

93.Teleki,D.: Najveci teleskop na svetu,Politika Ekspres,
23.11,19726,111,279,13.

94.Teleki,D.: Teleskop u kosmosu,Politika REkspres;7.12.1%9764,
I11,28%9,17.

?5.Teleki,D.: Evropski kosmicki program, Politika Ekspres,
14.121976,111,295,11.

96.Teleki,D.: Izucavanje Sunca,Politika Ekspres,21.12.1976,
I11,301,13.

97.Teleki,D.: PovrSina Marsa i Fobosa, Politika Ekspres,
28.12.1976,111,307,15.

1977

98.Teleki,D.: Meteori u sluzbi radija,Politika Ekspres,4.1.1977,
Iv,2,13.

99.Teleki,D.: UnutrasSnjost Meseca,Politika Ekspres,11.1.1977,
Iv,8,15.

100.Teleki,D.: Ledeni kristali oko zvezde, Politika Ekspres,

18.1.1977,1V,14,13.

101.Teleki,D.: Kretanje i starost zvezda, Politika Ekspres,

25.1.1977,1V,20,13.
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102.Teleki,D.: Ledeno doba,Politika Ekpres;1.2.1977,1IV,26,13.

103.Teleki,D.: Priprema Kopernikove revolucije,Politika Ekspres,
8.2.1977,1Vv,33,13. - . : :

104.Teleki,D.: Pomracenja u 1977. gadini, Palitika Ekspres,
15.2.1977,1IV,39,13. :

105.Teleki,D.: NajbliZa galaksija,Politika Ekspres,1.3.1977,1V,
52,13. .

106.Teleki,D.: Nova unutrasnja planeta,Politika Ekspres,
22.2.1977,1V,45,13.

107.Teleki,D.: Supernova Kasiopeja A,Politika Ekspres,8.3.1977,
1v,58,13. .

108.Teleki,D.: Kohoutekova kometa,Politika Ekspres,15.3.1977,1V,
64,13. :

109.Teleki,D.: Matematicar "lovi” planetoid, Politika Ekspres,
22.3.1977,1IV,70,13.

110.Teleki,D. Sudar zvezda,Politika Ekspres,29.3.1977,1IV,76,13.

111.Telekiy,D.: Saturnovi sateliti,Politika Ekspres,26.4.1977,1V,
29,13. 3

112.Teleki,D.
103,13.

113.Teleki,D.: Eros pored Zemlje,Politika Ekspres,10.5.1977,1V,
109,13.

114.Teleki,D.: I Uran iwma prsten ,Politika Ekspres,17.5.1977,1V,
15,13.

115.Teleki,D.: Promenljivo Sunce,Politika Ekspres,31.5.1977,1V,
127,13.

116.Teleki,D.: Keplerova harmonija,Politika Ekspres,?7.6.19777,
IV,133,13. :

117.Teleki,D.: "Opasan” sabor planeta,Politika Ekspres,14.6.1977
IV, 139,13.

118.Teleki,D.: Plamena baklja na Mesecu?, Politika Ekspres,
21.6.1977,1V,145,13.

119.Teleki,D.: Galakticko jezgro - pravasiona?, Politika Ekspres,
28.6.1977,1V,151,13.

120.Teleki,D.: Tajna zvana Pluton,Politika Ekspres,5.7.1977,1V,
158,13.

121.Teleki,D.: Mesec ima 4,5 milijardi godina,Politika Ekspres,
12.7.1977,1V,164,13.

122.Teleki,D.:! Mesec kao jaje,Politika Ekspres,26.7.1977,1IV,176,
13. ,

123.Teleki,D.: Zivot van Sunfevog sistema?, Politika Ekspres,
9.8.1977,1V,188,13.

124.Teleki,D.: Marsovi kanali - plod greske,Politika Ekspres,
16.8.1977,1IV,194,13.

125.Teleki,D.: Eksplozije u galaksijama, Politika Ekspres,
23.8.19727,1IV,200,13.

126.Teleki,D.: Planetarijum - nebo u malom,Politika Ekspres,
30.8.1977,1V,206,13. )

127.Teleki,D.: Kiseonik stiti Zemlju,Politika Ekspres,6.9.1977,
Iv,212,13. '

Zvezdani portret,Politika Ekspres,3.5.1977,1V,
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128.Teleki,D.: Sve vise planetoida,Politika Ekspres;13.9.1977,
Iv,28,13.

127.Teleki,D.: Venerini krateri "vidljivi“,Politika Ekspres,
20.9.1977,1IV,24,15.

130.Teleki,D.: Galaksije “sprinteri”?,Politika Ekspres,27.9.1977,
1v,230,13.

131.Teleki,D.: Cutljivi genije,Politika Ekspres,4.10.1977,1V,
2359,13.

132.Teleki,D.: Doprinos starih naroda,Politika Ekspres,
18.10.1977,1V,248,13.

133.Teleki,D.: Jedna nemirna zvezda,Politika Ekspres;235.10.1977,
Iv,254,15.

134.Teleki,D.: Astronomska jedinica,Politika Ekspres,;8.11.1977,
Iv,267,15.

135.Teleki,D.: Tunguska tajna,Politika Ekspres,;15.11.1977,1V,
273,15. -

136.Teleki,D.: Postoje 1i veliki zemljotresi?,Politika Ekspres,
22.11.1977,1IV,279,15.

137.Teleki,D.: Harmonija Vasione,Politika Ekspres,6.12.1977,1IV,
288,13,

138.Teleki,D.: Astronomske slike,Politika Ekspres,13.12.1977,1IV,
294,13.

139.Teleki,D.: Dve nove komete,Pnlitika Ekspres,20.12.1977,1V,
300,13.

1978

140.Teleki,D.: Radja li se novo Sunce,Politika Ekspres,10.1.1978,
V,7,13.

141 . Teleki,D.: Planetski sistem u stvaranju?, Politika Ekspres,
17.1.1928,V,13,13.

142.Teleki,D.: Dva pomracenja Sunca i Meseca, Politika Ekspres,
24:1:.1978,V, 19,13, '

143.Teleki,D.: Kiron - kometa ili planetoid?, Politika Ekspres,
31.1.1978,V,24,13. i

144 . Teleki,D.: Ima 1i na Marsu zivota?,Politika Ekspres,
14.2.1978,V,36,13. )

145.Teleki,D.: Sneina lopta ili prasina?, Politika Ekspres,
21.2.1978,V,42,13.

146.Teleki,D.:! Teleskop u kosmosu,Politika Ekspres,”?.3.1978,V,
55,13, '

147.7Teleki,D.: Planine i vulkani na Veneri, Politika Ekspres,
14.3.1978,V,81,13. ' i

148.Teleki,D.: Meteoriti - vesnici Svemira, Politika Ekspres,
21.3.1978,V,67,13.

149.Teleki,D.: Zvezde koje "disu",Politika Ekspres,28.3.1978,V,
73513,

150.Teleki,D.: Meseceva varka,Politika Ekspres,4.4.1978,V,79,13.

151.Teleki,D.: Nasi na Mesecu,Politika Ekspres,11.4.1978,V,85,15.

152.Teleki,D.: Divan dan na - Marsu ,Politika Ekspres,18.4.1978,
V,?1,15.
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i53.Teleki,D.: "Ulovliena" nebeska tela, Politika Ekspres,
25.4.1978,V,97,17.

154.Teleki,D.: Fobos - "krompirasti® satelit, Politika Ekspres,
9.5.1978,V,106,13.

155.Teleki,D.: Od komete do roja meteora, Politika Ekspres,
16.5.1978,V,112,15.

156.Teleki,D.: Oci i usi Svemira,Politika Ekspres,23.35.1978,V,
118,13.

157.Teleki,D.: Rotirajuca cipela, Politika Ekspres,30.5.1978,V,
124,15,

158.Teleki,D.: Planete i matematicke igre, Politika Ekspres,
13.6.1978,V, 136,15,

159.Teleki,D.: "Marsotres” kao zemljotres, Politika Ekspres,
25.9.1978,11.

160.Teleki,D.: Zemljino toplo "detinjstvo®, Politika Ekspres,
2.10.1978,13.

161.Teleki,D.: Sta pliva na Jupiteru?,Politika Ekspre5,9.10.197q
23.

162.Teleki,D.: Ima li na Titanu zivota?, Politika Ekspres,
16.10.1978,14. : :

163.Teleki,D.: Vreme nije postojalo,Politika Ekspres,23.10.1978,
18. ' ‘ '

164.Teleki,D.: Novosti iz buducnosti,Politika Ekspres,30.10.1978,
i8.

165.Teleki,D.: I Pluton ima svoj satelit, Politika Ekspres,
6.11.1978,13.

166.Teleki,D.: Pet milijardi sunca?,Politika Ekspres;13.11.1978,
18.

167.Teleki,D.: Zodijak - bajka na nebu,Politika Ekspres,
4.12.1978,20.

168.Teleki,D.: Sazvezdje Oriona,Politika Ekspres,11.12.1978,18.

1679.Teleki,D.: Sta drobi kamenje na Marsu, Politika Ekspres,
18.12.1978,20.

170.Teleki,D.: Korona ima milion stepeni, Politika Ekspres,
25.12.1978,16.

1979

171.Teleki,D.: Kalendari i Nove godine,Prakticna zena,XII1.197%.
172.Teleki,G.:Tagul-e vagy zsugorodik a Fold a Nap €s a bolygok?
Magyar S5z0,26.11.1979,4.

1980

173.Teleki,G.: A kozmikus sugarzas forrasai,Magyar Sz0,4.2.1980,
5.
174.Teleki,G.: Ma teljes napiogyatknzés,ﬁagyar Szé,l6.2.19§0,6.
17S.Teleki,G.: Polusingadozas €s polusvandorlas, Magyar Szo,
25.2.1980,5.
7’ 7
176.Teleki,G.: Vendegcsillag,Magyar S5$z0,26.3.1980,6.
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177.Teleki,G.

: Csillagaszat a torténelem szolgalatéban,ﬂagyar

520,2.4.1980,6.

178.Teleki,G.
179.Teleki, 6.
180.Teleki,G.
181.Teleki,G.
182.Teleki,G.
?.7.1980,
183.Teleki,G.
184.Teleki,G.
185.Teleki,G.
q.
1856.Teleki,G.
187.Teleki,G.
188.Teleki,G.
18%9.Teleki,G.
190.Teleki,G.
3.79.1980,
191.Teleki,G.

A bolygok holdjai,Magyar $20,9.4.1980,6.
A Sirius csillag torpéje,Magyar 8z0,16.4.1980,6.
Valtozik-e a Nap,Magyar Sz0,23.4.1980,6.
A Halley-ustdkos,Magyar Sz0,14.5.1980,6.
Taldlkozas csillagkozianyag-felhovel,Magyar Szé,

Szamoszi Arisztarkhosz,Magyar $5z0,16.7.1980,6.
Az M 87 galaxis magja,Magyar $z0,23.7.1980,4.
A Mars titokzatos kanalisai,Magyar Szd,30.7.1980,

sr an xr [ e se de sn R

: A Saturnus Kkozeleben,Magyar Sz0,6.8.1980,4.
: Oriasi tavcsovek,Magyar Sz6,13.8.1980,4.

: Foldon tuli civilizaciok,Magyar S$zpD,20.8.1980,4.
: *Léggomb” csillagok,Magyar Sz0,27.8.1980,4.

: A vilagmindenseg alkoto elemei,Magyar Szd,

q.

:A Hold szerepe a Fold életében,Magyar Szo,

10.9.1980, 4.

122.Teleki,G.
193.Teleki,G.

194.Teleki,G.
195.Teleki,G.
196.Teleki,G.
197.Teleki G.
15.4.1981
198.Teleki,G.
197.Teleki,G.
200.Teleki,G.
6.5.1981,
201 .Teleki,G.
202.Teleki,G.
203.Teleki,G.
204.Teleki,G.
26.8.1981
205.Teleki ,G.
19.8.1981
206.Teleki,G.
207.Teleki,G.
9.
208.Teleki,G.
16.9.1981
209.Teleki,G.
210.Teleki,G.

: Idoszamitas,Magyar Sz0,12.11.1980,4.
: "Utazas" a Venusra,Magyar Szd,19.11.1980,4.

1981

: A sok-gyurus Saturnus,Magyar S§z4,7.1.1981,4.

! Kozmikus "rablas”,Magyar Sz20,1.2.1981,5.

: A Fold rotacioja,Magyar 326,18.2.1981,5.

: Csillagészati jelenségek 1981-ben, Magyar Szo,
3.
Kisbolygok kisholdjai,Magyar S5zd,22.4.1981,3.
A Galilei-holdak,Magyar 816,29.4.1981,5.
Ketszaz éve ismerjik az Uranust, Magyar Szo,

titikzatos kvazérok,Magyar 526,3.6.1981,5.

z ismeretlen Pluto bolygo,Magyar 826,10.6.1981,5,
szem €s a tavecsod,Magyar Sz0,10.7.1981,5.
Tévprognozis a csillagészatban,nagyar Szé,

3. .

: Az evszazad csillagészati rejtélye, Magyar Szé,
- 1

: A meteorok eredete €s kora,Magyar Sz20,2.9.1981,5.
: Arab hatas a csillagaszatban,Magyar 826,9.9.1981,

>2>D

sn sy av v (f} sc sx ex @

: Europai csillagaszati taldlkozo,Magyar Sza,

gD

: Letezik-e az X-bolygo?,Magyar Sz0,%9.12.1981,5.

: A Voyager-2 urlaboratorium felvételei,Magyar Szé,

16.12.1981,5. :

211.Teleki,G.

: Lesz-e vilag vege,Magyar Szo0,23.12.1981,5.



SCIENTIFIC AND PROFESSIONAL ACTIVITY OF G. TELEKI

212.Teleki,D.:

2,33.
213.Teleki,G.

6.1.1982,
214.Teleki,G.
215.Teleki,G.
216.Teleki, G.
217.Teleki,G.
218.Teleki,G.
219.Teleki,G.
220.Teleki,G.

1982
1982,Amateri i profesionalni astronomi,Vasiona,

Csillagészati jelenségek L982—ben,'Magyar Szdf

Csxllagnevek Magyar Szo 20.1.1982,5.

Kozmikus gaz es porfelhok,Magyar Sz0,27.1.1982,5.
Sok huhd semiert,Magyar S$z0,26.5.1982,5.

Van-e elet a v1lég&rben7 Magyar S$z0,2.6.1982,5.
slllagaszatx regeszet Magyar S5z0,9.6.1982,5.

5 3
: Ustokos a Saturnus knru17 Magyar Szn 13. L. 1982 5.

A Halley ustokos eszleldsenek tervei, Magyar Szo

16.6.1982,5.

221 .Teleki,G.:
222.Teleki,G.

223.Teleki,G.:

A cslllagszel Magyar. Szo 23 6.1982,5.
A Saturnus-rendszer,Magyar Szo 7.7.1982,3. -
Megoldodik a kvazarok rEJtelye Magyar Szd,

14.7.1982, 3.

224.Teleki,G.:

225.Teleki,G.:

5.
2246.Teleki G.

227 . Teleki,G.:

Gravitacios lencse,Magyar Szn,28.7.1982,2.
A Nap atmeréjének véltuzésai,Magyar Sz0,1.9.1982,

Unispace ’82, Magyar Szo 8.9.1982,5.
A csillagok helyzetének neghatarozasa Magyar Szu,

15.9.1%982,5.

228.Teleki,G.:
229.Teleki,G.

Molekulacsxllagaszat Magyar Szo 22.9.1982,5.
Galilei harca a heliocentrikus vzlagkepert Magyar

$z0,29.9.1982,5.

230.Teleki,G.:

231.Teleki,;D.:

A Neptunus felfedezeserol,Magyar Szo,6.10.1982,5.
1983

1983,Projekt "Hiparh” (I): Stanjie u savremenoj

astrometriji,Vasiona,1,14.

232.Teleki,D.:

1983,projekt *"Hiparh®™ (II): Projekt "Hiparh®" i

njegov znataj za astronomiju,Vasiona,2-3,34.

233.Teleki,G.:

Nap - és holdfogyatkozésok 1983-ban, Magyar Szé,

1.6.1983,5.

234.Teleki,G.
235.Teleki,G.
236.Teleki,G.
Szo,20.7.
237.Teleki,G.:
238.Teleki,G.
3.
239.Teleki,G.
240.Teleki,G.

Galilei-per 1633- ban s Magyar SZD,B 6.1983, 3.
Ustokos a Nap kozeleben,Magyar Szo 15.6.1983,5.
Van-e kilencnel tobb bulygo a v1lagurben?,Ma9yar

1983, 4.

17.8.1983,

241.Teleki,;G.:

242.Teleki,G.
243.Teleki,G.

A Mars jobb megxsmereseert Magyar Szo 27.7.1983,3.

Kozmikus infravoros kutatasok,Magyar $z0,3.8. 1983,

Helioszeizmnldgia,ﬂagyar 526,10.8.1983,3. ,
Az ultraibolya sugarzés csillagészata,ﬂagyar Szé,
4.

Rontgencsxllagaszat Magyar Szu 24.8. 1983 4,

Viz a naprendszerben,Magyar Szo,31.8.1983,4.
Kiserleti csillagaszat,Magyar 826,7.9.1983,4.
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244.Teleki,G.: A csillagészat szerepe a mult kutatéséban,Magyar
$z0,14.9.1983,5.

245.Teleki,G.: Ujbol kutatunk mas civilizaciok utan,Magyar Szo,
21.9.1983,5.

246.Teleki,6.: A vilagmindenseg fejlodese,Magyar Sz0,28.9.1983.

247 .Teleki,G.: A Nap, mint csillag,Magyar 526,5.10.1983,5.

248.Teleki,G.: Kilonleges galaxisok,Magyar Szo,12.10.1983,5.

249.Teleki,G.: Luther és a csillagészat,Magyar 816,16.11.1983,5.

250.Teleki,G.: A bolygorendszerek kutatasa,Magyar 826,23.11.1983,
5. : ‘

1984

251.Teleki,D.: 1984,In memoriam B.Kilar:Sferna trigonometrija z
uporabo v geodeziji,Vasiona,Z2,42.

252.Teleki,D.: 1984,0snivanje i delovanje Beogradskog astronom-
skog kluba ”"Rudjer Boskovic” 1951. i 1952. god.,Vasiona,3,54.

253.Teleki,G.: Csillagészat 1983-ban,Magyar $z0,27.6.1984,5.

254.Teleki,G.: A Naprendszer kialakuldsanak titkai, Magyar 526,
4.7.1984,5. : : ‘ g

255.Teleki, G.: Haldoklg csillagok,Magyar Sz0,11.7.1984,5.

256.Teleki,G.: Tevhitek es tevtanok a csillagaszatban,Magyar Szo,
18.7.1984,5.

257.Teleki,G.: A valtozo égitestek,Magyar 5z6,25.7.1984,5.

258.Teleki,G.: A Magellan-felhok,Magyar Szo,1.8.1984,5.

259 . Teleki,G.: Csillagészat Jugoazléviéban,ﬂagyar Szé,
10.10.1984, 3.

260.Teleki,G.: Kozmikus tervek az égitestek kutatéséra, Magyar
$z0,24.10.1984, 3.

261.Teleki,G.: A "hideg" vilégmindenség kutatésa, Magyar Szé,
24.10.1984,3.

1985

262.Teleki,D.: 1985,SedamdesetogodisSnjica zivota prof. B.éevar—
lita,Vasiona, 1-2,21.

263.Teleki,G.: A fekete lyukak rejtelye,Magyar Szd,22.5.1985,5.

264.Teleki,G.: A bolygdk gyiuriurendszerei,Magyar 526,29.5.1985,5.

265.Teleki,G.: Vulkanossag a bolygdkon és holdakon,Magyar Szd,
13.6.1985,5.

266.Teleki, G, : Vulkanok az lo holdon,Magyar 326,19.6.1985,5.

1986

267.Telekiy,G.: A Halley-ustokos Napkozelben,Magyar 5z0,5.2. 1986,
5.

268.Teleki,G.: Az ustokosok élete,Magyar 826,12.5.1986,5.

269.Teleki,G.: Szinek a naprendszerben,Magyar 816,19.2.1986,5.

270.Teleki,G.: A Vega-program (I.),Magyar 516,28.5.1986,5.

271 .Teleki,G.: A Vega-program (II.),Magyar 526,4.6.1986,5.
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272.Teleki,G.
11.6.1986

273.Teleki1,G.

274.Teleki,G.

275.Teleki,G.

2746.Teleki,G.
3.

277.Teleki,G.: A vilagegyetem kezdetének elso harom perce,Magyar
$z4,10.9.1986,5.

Z78.Teleki,G.: Galaxisok es ures terek a v1lagm1ndensegben,
Magyar Szo,17.9.1986,5.

279.Teleki,G.: Radarcsxllagaszat,Magyar 5z0,24.9.1986,5.

280.Teleki 6.1 A csillagészati egysegrol,Magyar Szd,l.10.1986,5.

A Venusz felszinenek Vizsgélata, Magyar Szé,

5.

A Halley-ustokos szelében,Magyar S$z0,18.6.1986,5.
A "szereny® Halley-istdkos,Magyar Szo,21.5.1986,5.
Uira a Halley-ustokosrol,Magyar Sz0,26.8.1986,5.
Uijra a Halley-dstékﬁsral {2.),Magyar 826,3.9.1986,

e

1987

281.Teleki,G.: Az amatdr csillagaszat jelentosege,Magyar Sza,
21.1.1987,5.

282.Teleki1,G.: A csillagészati felfedezesek értékelése,ﬂagyar
$20,28.1.1987,5.

283.Teleki,G.: A metagalaxxs,Magyar Szu 4.2.1987,5.

284.Teleki,G.: Hubble- tnrveny,Magyar S2d,11.2.1987,5.

285.Teleki,D.: 1987,Povodom izdanja knjige M. Loncarid
"Zvijezde govore.Astrologija® (1986), Vasiona,1,30.

III.Articles about G.Teleki

alinterviews

1.N.5.: Az eltuno Nap nyomaban,? Nap,24.2.1%961,17.

2.5zegedi, J.I Hol vannak a csillagok?,” Nap,30.4.19685,%9.

3. ¥ ¥ ¥: Csillagszekéren Képes I1fjusag,29.4.1967,26.

4.Jozsef,S.: Az ember es a csxllagok Magyar Szo 28.5.1967,15.

5. ¥ ¥ ¥X: As urhajosok a csxllagaszok szamara is sok erdekes
u;donsagot hoztak Magyar Szo 29.12.19268,11.

&.Burkus,V.:. A csxllagasz szamara nincs hetkoznap es vasarnap,
csak felhos e€s tiszta €g,7 Nap,1.1.1969,14.

7.0sztrogonacz,I.: Mi djsdg a vilégﬁrben?,Dnlgozék,Z?.12.1972,
1i.

8.Toro,T.: Omnia in numero et mensura;A Hét,24.8.1973,15.

9.Reffle,G.: A csillagaszat és a meteanrologia hatérterﬁletén,
Magyar S$20,11.3.1976,13.

10.Fekete,E.: Valdsag a csillag- romantlkaban Dolgozok
27.12.1934,16.

blIn mwemoriain
l.éevarlié,B.: 1987,Djordje Teleki,Bull.Obs.astron.Belgrade,
137,1.
2.5adzakov,S. 1987,0r Djordje Teleki,Vasiona,2,33.
3.8evarli¢,B.: 1987,Sefanje na Djordja Telekija,Vasiona,2,35.
4,Jelicic,M.: 1987,Komemorativna sednica pmsveéena Diordju
Telekiju,Vasiona,2,37.
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5. ¥ ¥ ¥: Preminuo Dr Djordje Teleki, Vecernie Novasti,
24.2.1987.

&. ¥ ¥ X¥: Dr Djordje Teleki, Politika, febr. 1987.
7.Bence Lajos: A tudos halaldra, Magyar Szo, febr. 1987.

HAYYHA U CTPYUYHA JEJIATHOCT I'. TEJIEKHJA
B. Tpajkoscka
Actponomcexa oncepbaropuja, Bonruna 7, 11050 Beorpag, Jyvrocaabuja

YIK:929(497.11)” 19/19 T:52(092)

Crpyunu pag
Y oBoM pafly pat je mpeisiel; HayuHe M CTpyuHe ie- (20.4.1928, Cenra —~ 23.2.1987, Beorpar), kao u werosa
JIATHOCTH Haluer UCTAaKHyTOI acTponoma hopha Tenexuja KOMITIeTHa Sudnuorpaduja.
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