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SUMMARY: We prepared the results of the observations with Belgrade ZT
made in the period 1960-1985 in a computer- readable form in order to make their

new reduction in the FK5 reference frame. Positions and proper motions of our
stars were taken from PPM Star Catalogue. The results of determination of the
systematic errors of declinations and proper motions of subgroups and Talcott’s

pairs in that period are presented.

INTRODUCTION

At the XXI JAU General Assembly, Buenos
Aires 1991 , Commission 19 of the International As-
tronomical Union, “Rotation of the Earth”, formed
the Working Group on Earth Rotation in the HIP-

PARCOS reference frame-WG ERHRF to collect the
past observations and to analyse them in that refer-

ence system. The Hipparcos (ESA 1989) had ob-

served the sets of reference stars used by most of
the astronomical stations. The Hipparcos program
1s expected to provide star coordinates, proper mo-

tions and parallaxes at the 0 . 002 level of accuracy
or better at the epoch of observation. It opens new
possibilities for the analysis of the existing astronom-
1cal observations. It was necessary to collect the data
and create a central data bank of optical astrometric

observations. 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). We cooper-
ate and this investigation 1s in conformity with ii.
The Belgrade Observatory 1s on that list with the
observations 1n the period 1949-1990 obtained with

Z'T (visual zenith-telescope Bamberg 110 mm).

At the beginning of 1990 we started the prepa-

ration of the observations made with the ZT in a
computer-readable form 1n order to make their new

reduction in the FK5 reference frame. The PPM cat-
alogue was used. The HIPPARCOS catalogue had

not been finished yet.

The PPM Star Catalogue (Roser & Bastian

1991), Vol.I and Vol.II | of 181731 stars north of -
2.5 degrees of declination for the equinox and epoch
J2000.0 1s a rerpesentation of the FK5 system at
higher star densities and fainter magnitudes and re-
places two older catalogues which served for the same
purpose 1n the past: AGK3 and the SAO Catalogues.
The PPM Star Catalogue gives the originai FK5 data
for the stars contained in FK5 Part I and in FK5
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Part II (the Basic Fundamental Stars and the Bright
Extension Stars). Flag “F” indicates stars that are
contained in FK5 (Part I and Part II), flag “H” de-
notes the stars contained in AGK3R and/or one of
the CMC (The Carisberg Meridian Circle, nos. 1 to
4) catalogues, flag “D” denotes the double star, and

flag “P” the problem case.
56% of stars from New Belgrade Latitude Pro-

gramme - NP (Sevarli¢ & Teleki 1960) are with flag
“F” or “H”, 16% with flag “D” or “P”(one star).
This means that numerous stars of our programme

have got very precise coordinates and proper mo-
tions. But NP’s “D” stars did make some problems

in the observations and the reduction, because their
coordinates and proper motions are of lower accu-
racy than that of single stars and their observations

‘with ZT are difficult.
Four NP’s stars (BD48320 (I group, pair 1,

star 2), BD41395 (I6-1), BD34469 (I8-1), and

BD371005 (I11-2)) were not found in PPM. For these

stars we used the SAO Catalogue and transformed
their coordinates and proper motions from FK4 to

the FK5 system (the mean positions for J2000.0).

The systematic errors FK5 - FK4 for J2000.0 are
added. By this the coordinates and proper motions
of these four stars are brought into the FK5 frame.

(Ad)i1950 = [Ads + Ada]1950
Ap' = Aps + Ay,

(Ad)r 1s the systematic error FK5 - FK4 for the
epoch T (in centuries),

(Aé)T = (A6)1g50 -+ A}J’(T - 1950)

(A5)2000 = (A5)1950 + A}LI(QOOO — 1950)
The transformation from FK4 to the FK5 sys-

tem :
O(FKb5)=068(FK4)+ (Ad)r
p'(FK5) =y (FK4)+ Ay’

All the changes (in re-reduction) are in accor-
dance with MERIT standards. The new IAU(1976)
coordinate system (as defined by FKb5) of astronom-

ical constants, the IAU(1980) nutation model, and

the new dynamical reference system (JPL

DE200/LE200 ephemeris) are used. The FORTRAN
programme for refraction is like that used in forming
the “Refraction Tables of Pulkovo Observatory” (V,

1985).
- The instrument’s constants, applied in the re-
reduction, are:
- the angular values of the micrometer screw
revolution-R (see Table 1.),
- the angular division values of the Talcott’s

H

levels (L) were:1 . 2684 for the upper level and 1
1798 for the lower one in the period 1960-1968, while

1 7 1737 for the upper level and 1 " 0377 for the lower

one 1n the period 1969-1985,
30

- the temperature coeficients: —0 . 0016 for

the upper level and 0 . 0057 for the lower one in the
period 1960-1985,

- the temperature term, the progressive and
the periodic errors of the micrometer screw revolu-

tion are not applied (Milovanovié et al. 1981).

Table 1. The angular values of the micrometer
screw revolution (R) in the period 1960-1985

Period R

1960-63 40 . 1080

1964 0570

1965-67 .0796

1968 .0992

1969-70 1078

1971-74 0733

1975-76 .0709

1977-83 .0660

1984-85 40 " 0570

The General Catalogue of Stellar Radial Ve-
locities (Wilson 1953) and The General Catalogue of

Trigonometric Stellar Parallaxes (Jenkins 1952) are

used fo the calculation of the apparent places of NP
stars.

Eight systematic errors are taken into account
(the wind effect, the E-W effect-the error due to the

clamp position of the teleskope, the effect of the sta-
tistical parallaxes for the stars without trigonometric
parallaxes, the personal equation, the effect of the
level bubble lenght variation, the correction for the
curvature of the parallel, the temperature terms of

the levels, the deviation of the vertical). In the pe-
riod 1960-1985 there were two permanent observers
(R. Gruji¢ and M. Djokié) with some short interrup-

tions. The excessive 1nstantaneous latitudes result-
ing from some Talcott’s pairs were eliminated using

of the Student-Fisher criterion. Thereupon the polar

motion was eliminated from the material and the ob-
servations were brought in accordance with the mean

pole BIH1979, and prepared for determinations of
the systematic errors of declinations and proper mo-
tions of Talcott’s pairs and subgroups of NP.

CALCULATIONS AND RESULTS

1. For every year (for the period 1960-1985)
the values ;;, are determined:
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where: ¢;:, is the annual mean value for every pair
1, ¢ 1s the instantaneous latitude of pair 1 at the
epoch t, t - the epoch of observation of pair 1, {g -
the mean epoch of n observations of pair 1, n - the
annual number of observations of pair 1.

We then derive, also for every year,

N

1 1 o
(Pktro — N‘Z(g Z‘Pit),
| J

=1 t=1

where ¢, denotes the mean latitude (from N an-

nual values of the mean latitude of subgroup k), N

- the number of annual values of the mean latitude
of subgroup k. We used only the mean latitudes of

subgroup k resulting from all five observed pairs of

subgroup k. t o is the mean epoch of observations of
subgroup k. There are no cases of N = 0, and 1t 1s
always N < n.

Hence {5 &~ tio, for each year (for each sub-
group k and every pair i in subgroup k) we derive,

r — Sokt'o - witoi

where: k=1,2,...,12, and2=1,2,..,,9.

Equation of condition is (for each pair there

are 26 equations)

VA, 8+ /nl, p'(t — 1973.0) = v/nr
for (31 _= 1, 2, ‘eey 60),

; 1 ;
t = §(t0+t 0)

1973.0 = 1960.0 + %(1986.0 — 1960.0).

‘where: +/m is the weight, A;, 6 and A; u’ are the
unknowns derived by the least square method (the

results are displayed in Table 3.), ¢t is the epoch of
value r. €a, s and €4, u are the mean errors for

A;, 6 and A; .
' 2. For two subgroups k and k+1 observed on
the same night we have (for every year):

Pkto = Pto T Adp + A[.l;:(to — 19730) + 2t,
Prarr's = Pyt + Dby + Aphpy(t 0 — 1973.0) + 2,

where: @g¢, is the mean latitude of subgroup k ob-
served at the epoch tg (with the polar changes only),
01, 1s the observed mean latitude of subgroup k (2,
and the systematic errors A, Ay, are not elimi-
nated), z;, is the local non-polar change at {5, Ao
and Ay} are the unknowns of subgroup k.

Pkto — P11’y = (Pro — ¢yr,) + (Abk — Abp41)+

+(Ap) — Apgyq)(t — 1973.0) + (26 — 2,)

1 '
t=-2-(t0+t0)

lo ~ tlo.
Since (for four hours of observations)

Pkto — (pk_l_lt!o ~ (0 ,j 001
Zto = Ztlﬂ ~A\ ’: 01

we obtain the equation of condition (for each sub-
group k and k+1 there are 26 equations) with un-
knowns €; and v :

A(pkt = € + Vk(t - 19730)

where
Apit = —(Pto — Py',)

Ep — A6k - A6k+1
Vi = A“i: — A/""k-l-l

for k =1,2,...,12 . Ay 1s the annual mean value
from m values — (¢, — ¥, ), and t is the mean epoch

for A()Okt.

- There are some years when subgroups k and
k+1 were not observed in the same night (m = 0).
For those cases we took for Ayi; and t the mean
values from the rest values for years when subgroups
k and k+1 were observed in at least one night con-

jointly. We used also the condition Ziil Adbg = 0.

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

1, 2,..., 12. After using the conditions ¥ ;~, €& = 0,

and lec2=1 vy = 0 we get results set forth in Table

2. The systematic errors of declinations and proper
motions of subgroups are calculated according to:

1

Abe = 5 (ek+1 + 2642 +3ek43 + ... + 1ek411)
1 *
Apy = E(Vk+1 + 20k 42 + 3Vk43+ ...+ 11k g1

(k = 1,2,...,12), and these results are presentec in
Table 2. -0 " 1097 < A6, < 0" 1235, and ~0) _
00572 < Ap’, < 0. 00493. The mean errors of Aéy
and Ay’ are: less than £0 . 0317 for Ak, and less

than +0 . 0042 for Ay’
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Table 2. The values Ek and v with their mean errors, and the systematic errors of declinations A, and

propre motions Ay) of subgroups

Subgr. Ek Ee s Vi Ev
1-2 0" 0889 +0 " 0081 -0. 0005 +0 . 0011
2-3  .1198 0144 -.0002 0019
3.4 -.0154  .0102 .0009 0014
4-5 -.0124 0251 -.0084 .0033
56 .0521 0148 0031 0020
6-7 -.1275 0143 -.0001 0019
7- 8 -.0226 .0097 0011 0013
8- 9 -.0296 0111 .0002 0015
9-10 -.0425 0055 0007 .0007

10-11 .0366 0113 0017 0015
11-12  .0625 0065 .0039 0009

12- 1 -0" 1101 £0 “ 0108 -0" 0025 40 " 0014

Adr have been ca-iculated previously (Milo-

vanovié et al. 1970, Gruji¢ et al. 1975) while Au;

have not been. Qur values Aé; are remarkably less
than the old ones. This is because the GC Catalogue

(whose accuracy is lower than PPM’s one) was used

1n the past.
1nce

A&,‘l = Ab; + A;lé
Ap;, = Api + Diy

(11 = 1,2, ...,60), we have the final systematic errors
of declinations and proper motions (Ad;, and Apu; )

of Talcott’s pairs for NP (Table 3.). —0 " 2976 <
Ab;, < 0. 3338 except the value —0 . 8184 for Ial

(the star Ial(1) is with flag “D”, the star Ial(2) 1s
from SAOC which is of lower accuracy than that of

PPM), and —0 " 01086 < Ap! < 0" 01008. The
large values of Aé;, are from Talcott’s pairs whose

Subgroup Adj Aps
Ia 1 -0"1097 0. 00241
Ib 2 -.0207 .00190
[Ia 3 0991 .00173
IIb 4 0837 .00267
[IIa 5 0713 -.00572
[IIb 6 1235 -.00259

IVa 7 -.0041 -.00267

IVb 8 -.0266 -.00156
Va 9 -.0562 -.00140
Vb 10 -.0987 -.00070
Via 11 -.0620 00101
VIb 12 0. 0004 0. 00493

stars are from SAO or from PPM but with flag “D”.
They are (except Ial): IIab (first star is with flag

“D”), Ib8 (first star is from SAQ), Ia3 (second star
is with flag “D”), Ib6 (first star is from SAQO, second

star is with flag “D”), IVa3 (second star is with flag
“D”). We can use both, Aé;, and Apy; , because they

are well estimated (the estimate for Aé;, i1s better
than the estimate for Ay; ). The values Ad;, and

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

because the mean err.pos.1990 1s 0 " 27, and the

mean err.prop.mt. for mean epoche 1930.7 1s 0 K
0042 (Roser & Bastian 1991), and less than the mean
errors of SAQC north, because the mean err.pos.1990

is 0 . 9, and the mean err.prop.mt. for mean epoch
1930 is 0 . 015 (Roser & Bastian 1991). The mean

errors for Ad;, and Ay; are: less than +0 . 0389 for
A6;,, and less than £0 . 00537 for Ap) .

‘Table 3. The components A;, 6 and A;, 4/ with their the mean errors, and the final systematic errors of

~ declinations and proper motions

Gr. Pair Subgr. A;lé €A, 6 A,‘lp' €A, p! A&;l Apfl
I 1 1 —0 . 7087 0 . 0115 -0. 00570 +0 . 00167 -0. 8184 -0. 00329
I 2 1 .0486 0099 -.00431 00138 -.0011 -.00190
I 3 1 .3804 0070 00017 00101 2797 00758
I 4 1 .1580 0076 00319 . .00110 0433 00560
| 1 .0983 .0089 00510 00128 -.0114 00751
I 6 2 2999 .0087 00612 00132 2352 .00802
I -7 2 -.0825 .0066 -.00227 .00100 -.1032 -.00037
I 8 2. -.2769 0070 -.00348 00106 -.2976 -.00158
1 9 2 1707 .0099 00102 00151 .1900 00292
I 10 2  -.0820 0152 00213 .00230 -.1033 00403

I 1 3  -.009 0186 00271 00288 0396 00444
II 2 3  -.0838 0138 -.00080 00214 0103 -.00407
I 3 3 -.1386 0127 00094 00198 -.0395 00267
I 4 3 0915 0176 00367 00277 10006 00540
II 5 3 2347 .0140 .00260 00220 3338 00433
I 6 4 -0304 0141 -.00495 00222 0533 -.00228
i 7 4 0111 0157 -.00052 00246 0948 00215
I 8 4  -.1033 0133 .00014 00209 -.0196 00281
I 9 4 0475 0099 -.00244 .00149 1312 .00023

o
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Table 3 (continued)

0" 00238

Gr. Pair Subgr. A;é £A;, 8 Ay EA;, ut Ad;,

I 10 4 0810 0133 00741 .00208 - 1647 01008
I 1 5 -.0332 .0108 .00089 00162 0381 -.00483
IH 2 5 -.1572 - .0082 -.00176 00121 - -.0859 -.00748
m 3 5 0869 0118 00531 00176 _ 1582 -.00041
I[II 4 9 0970 .0084 -.00158 00124 , .1683 -.00730
III 5 s, 0172 0183 -.00014 00273 .0885 -.01086
[II 6 6 1197 0225 -.00249 00335 2432 -.00508
[II 7 6 -.0137 0134 00222 00199 .1098 -.00037
IHI 8 6 .0444 0099 00165 00149 1679 -.00094
III 9 0 .0447 0146 00166 00218 .1682 -.00093
111 10 6 -.2092 .0150 -.00387 00222 -.0857 -.00646
IVv. 1 7 .1403 0132 .00686 00198 1362 00419
IV 2 7 0471 0221 -.00208 00334 0430 -.00475
Iv. 3 7 -.2204 0110 -.00287 00165 -.2245 -.00554
IV 4 7 -.0398 0104 -.00057 00157 -.0439 -.00324
IV. 5 7T - .0357 0110 -.00198 00165 0316 -.00465
IV 6 8 -.0332 0155 -.00312 00237 -.0598 -.00468
Iv. 7 8 0541 0176 - .00238 00267 0275 00082
IV 8 8 -.1546 0148 -.00389 00224 -.1812 -.00545
Iv. 9 8 0352 0097 -.00038 00147 .0086 -.00194
IV 10 8 0958 0075 00662 00114 0692 .00506

vV 1 9 .0881 .0084 -.00031 00113 0319 -.00171

v 2 9 -.0097 0078 .00069 00105 -.0659 -.00071

V.3 9 0394 .0082 .00069 00112 -.0168 -.00071

V 4 9 -.0491 .0090 -.00271 00120 -.1053 -.00411

V 93 9 -.0648 0078 00327 .00106 .. 00187

vV 6 10 .0408 0079 00163 00106 . 00093

vV 7 10 A117 0078 .00290 00104 . 00220

vV 8 10 -.0502 0076 -.00326 00102 . -.00396

vV 9 10 -.0111 0069 -.00042 .00093 . -.00112

vV 10 10 -.1046 0072 -.00186 00095 -.2033 -.00256
vi 1 11 -.0063 .0069 -.00117 00094 -.0683 -.00016
vl 2 11 .0020 0077 00329 00105 -.0600 00430
vI 3 11 0271 0081 -.00010 00110 -.0349 00091
VI 4 11 -.0169 .0048 -.00018 .00066 -.0789 00083
vl o5 11 -.0010 0085 -.00002 00117 -.0630 00099
VI 6 12 -.0424 .0084 -.00337 00110 -.0420 00155
VI 7 12 1483 0062 00241 .00081 1487 00734
VI 8 12 0398 0077 00331 .00101 .0402 (00324
VI 9 12 -.1093 0074 ~.00061 00097 -.1089 00432
VI 10 12 -0"0498  +0"0102  -0700255 0" 00134 -0” 0494

Aps, &i p'and Ay are in (’f /year).
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CONCLUSION

The 26 years period (1960-1985) is long eno-

ugh to derive final systematic errors of declinations
and proper motions of the subgroups and the Tal-
cott’s pairs comprised in NP. The whole material

is corrected by them and the mean error (of the

instantaneous latitude from one Talcott’s pair) is
less than before. For example: the mean error was

+0 " 272 (1960-1965.5) and +0 . 146 (1969-1974)
(Grujié et al. 1989), after our re-reduction the mean

error is 20 . 164 (1960-1963), £0 . 171 (1964-1967),
+0 " 151 {1968-1970), £0 . 137 (1971-1972) and

+0 . 115 (1973-1976). This is also a contribution

to Hipparcos program. With the Hipparcos Cata-
logue (in future) we shall get better possibility to
find out the systematic errors and obtain result with
better accuracy. In that case the old observations
(made with classical instruments) will be in better

accordance with the new ones (made with new tech-
niques). It will afford a new insight into precession

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

observations.
This work is a part of Msc Thesis “The analy-

sis of the variation of Belgrade latitude 1n the period

1949-1985”.
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CUCTEMATCKE I'PEUIKE AEKJIIMHAIINJA 1 COIICTBEHNX KPETAIBA

[IOLI'PYIIA 11 TAJIKOTOBUX IIAPOBA HOBOI' IIPOI'PAMA N3
[IOCMATPAbA HA BEOI'PAIICKOM 3EHUT-TEJIECKOILY 3A

[IEPHMOL 1960-1985

[I'. JammaHoBuh

AcmpoHomcka oncepeamopuja, Boaeuna 7, beoepao, Jyeocaasuja

YIOK 521.95/97:520.255
Opu2uHaaHu HaAyuHu pao

Hate cy BpemHOCTH CHCTEMAaTCKHX Ipelllaka e-  Tpama Ha beorpalCckoM 3€HMT-TEJIECKOITY. 3a HMXOBO
KJIMHaIMja ¥ CONCTBCHUX KpeTama moiarpyna ¥ Tan-  nobujame KopHuNeH je IMocMaTpadky MaTepHjaj Io-
KoroBUX raposa Hosor Ilporpama - HII w3 nocMa- OujeH y nepuony 1960-198S.
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