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SUMMARY: New reduction was carried out (in the FK5 reference frame) of the
Belgrade ZT observations made in the period 1949-1960. The PPM Star Catalogue

was used for the positions and the proper motions of our stars.

The systematic

errors of the declinations and the proper motions of groups and Talcott’s pairs in

that period are presented.

1. INTRODUCTION

- At the beginning of 1990 we started the prepa-
ration of the Belgrade ZT (visual zenith-telescope
Askania-Bamberg No 77241, 110/1287 mm) observa-

tions in a computer-readable form in order to make

their new reduction in the FK5 reference frame.That
was a part of my msc. thesis “The analysis of the

varlation of Belgrade latitude in the period 1949-
1985”. The HIPPARCOS catalogue had not been
finished yet and we used the PPM Star Catalogue
(Roser & Bastian, 1991).

- After a year, 1991, at the XXI IAU General
Assembly, Buenos Aires, Commission 19 of the In-

ternational Astronomical Union, “Rotation of the

EBarth”, formed WG ERHRF (the Working Group on

Earth Rotation in the HIPPARCOS reference frame)

to collect the past observations and to analyse them
1 that reference system. Our Investigations are in
line-with it. The Hipparcos program is expected to
provide star coordinates, proper motions and paral-

laxes at the 0 . 002 level of accuracy or better at
the epoch of observation. It opens new possibilities
for the analysis of the existing astronomical observa-

tions. The Hipparcos (ESA,1989) had observed the
sets of reference stars used by most of the astronomi-

cal stations. It was necessary to collect the data and
create a central data bank of optical astrometric ob-

servations. The WG ERHRF has set up a list of the
best observations performed in the past (or are still
In progress, as with Belgrade ZT). The Belgrade Ob-
servatory 1s 1n that list (Vondrak,Feissel and Essaifi,

1992) with the observations in the period 1949-1990
made with ZT.

We have presented the procedure for the new
reduction of the New Belgrade Latitude Programme

— NP (Sevarlié&Teleki,l%O) for the period 1960-

1985. The calculation was described and the basic re-
sults reported in Damljanovié ( 1994). The procedure

for the re-reduction of the Old Belgrade Latitude
Programme-OP (Djurkovié, Sevarli¢, Brkié, 1951)
and the basic results are exposed here.
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o CATALOGUE AND CONSTANTS

~ We used the PPM Star Catalogue,Vol. I and
" Vol. II . It is a catalogue of 181 731 stars north of
-2.5 degrees of declination for the equinox and epoch
39000.0 . The PPM is a rerpesentation of the FKb
system with higher star densities and fainter magni-
tudes and gives the original FK5 data for the stars

contained in FK5 Part I and in FK5 Part II (the
Basic Fundamental Stars and the Bright Extension
Stars). This catalogue replaces two older catalogues

which served for the same purpose in the past: AGKJ
and the SAO Catalogues.

Flag “F” indicates stars that are contained in
FK5 (Part I and Part II), flag “H” denotes the stars

contained in AGK3R and/or one of the CMC (The

Carlsberg Meridian Circle, nos. 1 to 4) catalogues,
flag “D” denotes the double star.

Numerous stars of OP have obtained very pre-
cise coordinates and proper motions because 81% of
its stars are with flag “F” or “H”, 10% with flag
«D”  But “D” stars did make some problems 1n the

observations and the reduction. Their coordinates
and proper motions are of lower accuracy than those

of single stars and their observations with Z'T are
difficult. | ‘ ‘
" All the changes (in re-reduction) are 1n ac-

cordance with MERIT standards. The new astro-
nomical constants IAU(1976), the coordinate system

(as defined by FK5), the nutation model IAU(1980),
and the dynamical reference system (defined by JPL
DE200/LE200 ephemeris) are used. The FORTRAN

programme for refraction is like that used in form-

_ing the “Refraction Tables of Pulkovo Observatory”

(Abalakin, 1985).
' The instrument’s constants, applied in the re-
reduction, are: ' |
- the angular value of the micrometer screw

revolution (R) was 40 . 1073 in the period 1949-
1960 (it is in good accordance with its NP’s value,
40 " 1080 in the period 1960-1963),

- - the angular division values of the Talcott’s
levels (L) were: 1 " 2581 for the upper level and

1 " 1547 for the lower one in the period 1949-1960
(they are also in good accordance with their NP’s

values, 1 . 2684 for the upper level and 1 . 1798 for
the lower one in the period 1960-1968),

- the temperature coeflicients: 0 " 00606 for

the upper level and 0 " 00400 for the lower one In

the period 1949-1960,

- the temperature term, the progressive and.

the periodic errors of the micrometer screw revolu-
tion are not applied (Milovanovi¢ et al. 1981).
We took the radial velocities from The General

Catalogue of Stellar Radial Velocities (Wilson,1953)
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and the trigonometric parallaxes from The General
Catalogue of Trigonometric Stellar Parallaxes (Jenk-
ins,1952) for the calculation of the apparent places
of OP stars.

Seven systematic errors are taken into account

(the correction for the curvature of the parallel, the
wind effect, the deviation of the vertical, the E-W
effect-the error due to the clamp position of ZT,
the effect of the statistical parallaxes for the stars
without trigonometric parallaxes, the eftect of the
level bubble lenght variation, the temperature terms

of the levels). In the period 1949-1960 there were

not any observers with numerous observed Talcott’s
pairs and the personal equation was not apphed.
The excessive instantaneous latitudes resulting from
some Talcott’s pairs were eliminated using of the
Student-Fisher criterion. Thereupon the polar mo-

tion was eliminated from the material and the obser-
vations were brought in accordance with the mean

pole BIH1979, being thus prepared for determina-
tions of the systematic errors of declinations and
proper motions of Talcott’s pairs and groups of OP.

3. CALCULATIONS AND RESULTS

3.1 The systematic errors of the declinations
and the proper motions of Talcott’s pairs

For every year and every i-th pair (for the
period 1949-1960) the values s, are determined:

1 n
Soito —_— ;; Z (Puti
(=1

where: ;;, is the annual mean value, @i 1s the
‘nstantaneous latitude at the epoch t, t — the epoch
of observation, to — the mean epoch of n observations,

n — the annual number of observations.
We then derived, also for every year and every

group Kk,
1 =, 1
Prt'o — N ;(E ;‘Pft)a

where ¢, denotes the mean latitude from N annual

values of the mean latitude of the group, N — the

group 1 contains 7 pairs, the group II 6 pairs, the
group III 6 pairs, the group 1V 7 pairs, the group V
7 pairs, the group VI 7 pairs, the group VII 7 pairs,
the group VIII 7 pairs, the group IX 7 pairs, the
group X 7 pairs, the group XI 6 pairs, the group XII
] pairs. We used only the mean latitudes of groups

resulting from five observed pairs at least. t o is the
mean epoch of observations. There are some cases of
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. "N = 0. In that case Pry', Was the mean value from
- the remaining values ¢,/ (for the years when N >

- 1). The evening data and the morning data were
separated. There 1s always N < n.

| Hence to = t o, for each year (for each group
k and every pair 1 in the group) we derive,

| | F= @i, — Pito:

‘where: £k =1,2,...,12,and:=1,2,..., 8.

, The equation of condition is (for each pair
- there are 24 equations, 12 equations from the evening
data and as many equations from the morning data)

VA 8+ Val ' (t — 1955.0) = /ar
for (3; = 1, 2, ..-.,82),

! ]_ /
t = §(t0 +1t o)

1955.0 = 1949.0 + -;—(1961.0 — 1949.0).

where: /7 is the weight, A; 6 and A; p' are the
unknowns derived by the least square method (the

~ results are displayed in Table 2.), ¢ is the epoch of
value r. €a, s and €a, , are the mean errors for

- Ag, 0 and A .

" 3.2 The systematic errors of the declinations
- and the proper motions of the groups

o For%twogroups k and k+1 observed on the
same night we have (for every year):

 Prto = Pro + Abr + Apy(to — 1955.0) + 2z,
Pritt'y = Pr'o T DOky1 + Aﬂ;c+1(t'0 —1955.0) + “t'

where: @4, is the mean latitude of group k observed
at the epoch t¢ (with the polar changes only), ¢y, is
the observed mean latitude of the group (z;, and the
- systematic errors Aér, Ay} are not eliminated), 2,
is the local non-polar change at 5, Ad; and Ay’ are
the unknowns of the group.

Phto — Pr41t’'y — (Sato o Sot'o) + (A‘Sk _ A5k+1)"|"

H(Apg — Apt ) = 1955.0) + (21, — 2,7,)

1 :
t=-2-(t0+t0)

g A~ t‘o.

Since (for four hours of observations)
()Oktg — 90k+1t’0 ~ O ‘ 001
2t — tho ~ ’., 01

we obtain the equation of condition (for each com-
bination of the groups k and k+1 there are 12 equa-
tions,one equation for a year) with unknowns ¢; and

Ve .
A = € + Vk(t — 1955.0)

where
Apkt = —(pt, — (Pt’o)

e = Ao — A‘5k+1

Vi = Apgp — Apg g
for k = 1,2,...,12 . Api: 1s the annual mean value

from m values —(¢1, — ¢, ), and t is the mean epoch

for Apr;. We used only the observations of the group
resulting from five observed pairs at least.

There are some years when groups k and k+1
were not observed in the same night (m = 0). For

those cases we took for Ayi; and t the mean val-
ues from the remaining values for years when groups
k and k+1 were observed in at least one night con-

jointly. We used the condition Ziil Ab = 0.

The least square metod gives the solution for
ex and v with their mean errors €., and ¢,,, k =

1, 2,..., 12. After using the conditions Z:,lj__l ex = 0,

and Ziil vy = 0 we get results set forth in Table

1. The systematic errors of declinations and proper
motions of groups are calculated according to:

1
Ab = E(5k+1 + 26k 42 + k43 + ...+ 1€k 411)

1
Apl, = -1—5(1/1.:+1 + 2Vk 42 + Vi3 + ...+ 11vg411)

(k=1,2,...,12), the results being presented in Table
1. —-0".0525< A6 <0 0783, and —0 " 01219 <
Ap, < 0 . 01119. The mean errors of Aé; and

Ay’ are: less than £0 " 0658 for Aé;, and less than
+0 . 0192 for Ay,
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Table 1. The values €; and vx with their mean errors, and the systematic errors of declinations Aé; and

propre motions Apuj of groups

Groups Ek Eex Vi Evi
1-92 0" 0019 +£0" 0251 -0" 0019 +0 . 0072
2-3  .0985 0371 .0008 0107
3.4 .0304 0489 -.0004 0145
4-5 -.0642 0205 -.0040 0059
5-6 .0070 0291 0130 0084
6-7 -.0160 - .0255 0053 0074
7-8  .0120 0158 0037 0046

89 -.0522 0245 .0005 0071
9-10 .0436 0233 -.0057 0067
10-11 -.0410 0260 0065 0075
11-12 .0114 0154 -.0109 0045

19.1-0" 0314 +£0 " 0229. -0" 0069 +0 " 0066

'Aé; and Apu} have been calculated previously

(Sevarli¢,1961).Our valuesAd; are remarkably lesser

than the old ones. This is because the FKJ and
the AGK2A catalogues in the FK3 reference frame

(whose accuracy is lower than PPM’s one) were used
in the past. ' |

3.3 The final systematic errors of the decli-
nations and the proper motions of Talcott’s
pairs

- From: _
A&,‘l = Adr + A;lé

CApi, = App+ Ai

(4 = 1,2,...,82), we obtain the final systematic er-

rors of declinations Aé;, and proper motions Ap;
of Talcott’s pairs for OP listed in Table 2. We have

i

—0" 3159 < A&, <0 . 3864 and —0 . 03385 <
Ap; <0 " 03083. Some large values of Ad;, come

probably from Talcott ’ s pairs whose stars entail
‘problems (for example, wrong star observed for some

time—“ws”), or star marked with flag “D”, or with-
out any flag (meaning that the coordinates of this
star are of lower accuracy). They are: IlI group,

Group Abg Ap
1 -0" 0525 -0. 00664
2 -.0506 -.00856
3 0479 -.00774
4 0783 -.00817
5 0141 -.01219
6 0211 .00084
7 0051 .00615
8 0171 .00981
9 -0351 .01035
10 0085 .00469
11 -0326 01119
12 -0 0211 0. 00027

15th pair — “ws” and the second star 1s without any
flag, VIII (48) — “ws” and both stars are with flag
“DH”, IV (24) — “ws” and the second star 1s without
any flag, IV (23) - “ws” , VIl (45) — the first star
is without any flag, VIII (50) — the second star 1s
without any flag, IX (61) — the first star is without
any flag and the second star is with flag “D”, I (5)
_ the first star is with flag “DH”, II (13) — the first
star is with flag “DH”, III (16) — both stars are with
flag “DH”, V (30) — the first star is without any flag,
VIII (51) — the second star is without any flag, VIII
(53) — the second star is with flag “D”, Xl (71) — the
second star is with flag “D”. We can use both, Ad;,
and Ayl , because they are well evaluated from 12

years observations of OP (the evaluation for Aé;, 18
better than the one for Ay} ). The values Aé;, and

Ay} are close to the mean errors of all PPM’s stars,

because the mean err.pos.1990 1s 0 " 27, the mean
err.prop.mt. for the mean epoche 1930.7 is 0 . 0042

(Roser & Bastian,1991), and rms < 0 . 1 (of the po-
sitions at the epoch 1950) of common stars after the

catalogues ACRS and PPM are compared (Mitsuru
S6ma,1993). The mean errors for Ad;, and Ay, are:

less than +0 " 0828 for Aé;,, and less than £0 . 0257
for Ap;, .

Table 2. The components A;, 6§ and A; pu' with their the mean errors, and the final systematic errors of
declinations and proper motions

Gr. Pair ; A515 EAi15 A,‘lﬂ' EAH’" A(S,'l Aﬂzl
I 1 —0" 041530 " 0225 0. 00171 £0 . 00666 -0. 0940 -0. 00493
I 2 1187 0165 -.00119 .00492 0662 -.00783
I 3 1270 0226 -.00308 00683 0745 -.00972
I 4 - -.0382 0164 -.00050 .00492 -.0907 -.00714
I 9 -.0676 0151 -.00336 00451 -.1201 -.01000
I 6 0070 0139 -.00420 00415 -.0455 -.01084

B Y -.1164 0183 -.00241 .00553 -.1689 -.00905

1T 8 0976 0235 -.00759 00754 0470 -.01615
IT 9 0012 0232 -.00085 00735 -.0494 -.00941

-y
e



- Table 2 (continued)

Gr. Pair

Il

B
II
11
I
I

11

- I

10
11
12
13
14
19
16
17
18

19 -

20
21
22
23
24
25

26

27
28
29
30

31
32

33
34

30
36

38
39

40

42

43

44

49
47
48
49
50

ol
22
03
04
09
00
o7
08

09
60
61

62

63

64

69
66

67

68
69
- 70

71
72
73

74

A; 6

-.1048
0699
0014

-.0916

-.1540
3385

0751

-.1345
-.0625
-.0614
-.0823
-.0725
-.0158
0555
1194
-.0835
0653
0449
0750
-.0245
1086

© -.0549
-11497
0437
©-.0095
-.0955
-.0254
0567
0157
0318

0241

- .2084
-.0627
0136
.1164
-.3210

-.0281

1225
0904
-.0072
2914
- -.1742
0243
-.1946

-.0291

0613
0417
0523
0179

0261

-.0120
-.1968
0665
0631
- -.0008
-.0081
- -.0260
-.0177
-.0932
0749
-.0488
-.1159
0885
0145
-.0230

€Ai16

.0164
0141
0223
0235
0331
.0003
0273
0243
0278
0243
.0240
0370
0328
0425
0177
0247
0376
0344
0223
0312
0236
0289
0244
0243
0179
0192
0290
0189
.0145
0307
0274
0190
0205
.0146
0280
0223
.0168
0178
0171
0157
.0189
0160
0193
0162
0183
0253
0165
0161
0146
0137
0152
0163
0163
0183
0215
0164
0113
0238
0239
0223
.0230
.0160
0183
0177
0179

Ai, pf

-.01245
00217
02281

-.01424
.01082

-.00201

-.02611
00076
00778
00635

-.00044
01181

-.00265

-.01409

-.00869
01397
01519
00135
01051
02292

-.00090

-.01039
00065
00437

-.01214
01110
01535

-.00232
.00574

-.00009

-.02788
.00602

-.00341
00293

-.00774
.00304

-.01833
00479

-.00216
00515
01700

-.00902

"-00364

-.00198

-100462
00715
00356
.00030

-.00301
00721
.00148

-.00755

-.00287

-.00020

-.00418
00638

-.00455

-.00186
00733
01964

-.00647

-.00345

-.00450
00103

-.00428

eAil p’

.00529
00453
00717
00764
01084
01705
00924
00825
.00946
00787
00673
01076
00938
01220
00501
00694
01076
.00920
005995
00845
00626
00760
00655
00651
00538
00599
00886
00588
.00452
00928
.00820
00503
00096
.00427
00817
00641
.00486
00507
.00483
.00446
.00533
00452
00550
.00463
00522
00743
00483
.00480
00437
00410
.00452
.00480
00489
00552
.00650
.00497
00343
00732
00718
00677
00703
.00488
00563
00541
00537

AS;.

-.1554
0193

-.0492

-.1422

-.1061

.3864

1230

-.0866
-.0146

-.0135

-.0040
0058

0625
1338

1977
-.0002

1436
.0090

0391

-.0104
1227
-.0408

-.1356
0578

0116
-.0744
-.0043

0778

.0368
0529
0452
2135

-.0076
0187

1215

-.3199
-.0230

1276
1125
0099
3085

-.1971

0414

- 1779
-.0120

0262
0066
0172

-.0172
-.0090

-.0231

-.2319
0700

0716

0077
.0004

-.0175

-.0092
-.0847

.0423

-.0814
-.1485

0559
-.0131

-.0096

ON THE SYSTEMATIC ERRORS OF DECLINATIONS AND PROPER MOTIONS...
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Table 2 (continued)

Gr. Parr A;, 0 €A, 6 Ay EA;, u Ad;, APE;
XII 75 -.0004 0165 00679 .00462 -.0215 00706
XII 76 0035 0195 .00026 00552 -.0176 00053
XII 77 -.0108 0169 .00248 .00484 -.0319 00275
XII 78 0271 0157 -.01481 .00448 .0060 -.01454
XII 79 -.0254 0117 -.00012 00335 -.0465 00015
- XII 80 0570 0158 -.00917 .00458 .0359 -.00890
XII 81 -.0456 ".0199 ".00913 ”.00566 ;.0667 . 00940
XII 82 +0 . 0174 0. 00375 +0 . 00501 -0. 0366 0. 00402

0" 0155

 Apl, A;, p',and Apj are in seconds of arc per
year.

4. CONCLUSION

The 12 years period (1949-1960) is used to de-

rive the final systematic errors of declinations and
proper motions of the groups and the Talcott’s pairs
comprised in OP. The whole material is corrected by

them and the mean error (of the instantaneous lat-
itude from one Talcott’s pair) comes out less than
before. From the preliminary ZT observations made

in 1947 the mean error was +£0 . 255 (Djurkovi¢,
Sevarlié, Brkié, 1951). The mean error of the OP

in the period 1949-1960 was +0 . 220 (Sevarli¢ and
Teleki, 1960). After our re-reduction the mean er-

ror is: +0 " 211 (1949-1951.5), +0 . 195 (1951.5-
11953.5), £0 " 192 (1953.5-1957), £0 . 205 (1958-

© 1960), and +0 " 199 (1949-1960). This may also be
" a contribution to Hipparcos program. With the Hip-
parcos Catalogue we shall get better possibility to
find out the systematic errors and obtain result with

better accuracy. Then the old observations (made
with classical instruments) will be in better accor-
dance with the new ones (made with new techni-

ques). It will afford a new insight into precession

and nutation. The Belgrade Observatory with 1ts
7T observations can take part in that work and this
was the reason for the present re-reduction of the old

7T observations. -
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CHUCTEMATCKE I'PEUIKE ITEKJIMHAIINJA U COIICTBEHUX KPETAHA

I'PYITIA U TAJIKOTOBUX ITAPOBA CTAPOI" [IPOI'PAMA U3
IIOCMATPAKA HA BEOI'PAIICKOM 3EHUT-TEJIECKOITY 3A
' [IEPVIOI 1949-1960

I'. IamiaHoBHh

Acmporomcka oncepeamopuja, Boazuna 7, 11050 Beoepad, Jyeocaasuja

YLK 521.95/97:520.255
OpueuraaHu HAYYHU pao

| ~Hate cy BpeoqHOCTH CUCTEMATCKUX Ipelllaka Ie-  Tpama Ha Beorpaackom 3CHUT-TEJIECKOITY. 3a HhUXOBO
-KIMHallja W COINICTBCHMX KpeTawa rpyna M Tanko-  nobujame KopumheH je MmocMaTpadkM MaTepujas Ho-
‘ToBMX TlapoBa Crapor Ilporpama - CII M3 mocMa-  GujeH y nepuony 1949-1960.
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