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SUMMARY: A procedure of calculation and results of an attempt to improve
proper motions in declination for some HIPPARCOS stars are presented. A long
series of optical observations of these stars observed with Photographic Zenith Tubes
(PZT) are used. The HIPPARCOS ESA mission (ESA 1997) was nearly 4 years
long, but each of the different Earth rotation programmes (PZTs included) covers
a few decades in the interval 1899.7 – 1992.0 (Vondrák et al. 1998). The HIPPAR-
COS mission period of a few years only is not enough to determine the precise
proper motions for some stars, with the standard error of proper motions of about
1 mas/year, but ground-based data covering a few decades with positional errors one
or two orders higher than HIPPARCOS ones are nevertheless useful for checking
or improving some HIPPARCOS proper motions (mostly of double and multiple
stars). Here, the observations of two PZTs (with different longitudes and the same
latitude) are used to improve some HIPPARCOS proper motions in declination; the
method is explained and some results are presented.
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1. INTRODUCTION

The HIPPARCOS Catalogue is an optical re-
ference frame and contains 118218 stars (brighter
than magnitude 12) with lot of high precision data:
positions (the accuracy is about 1 mas at 1991.25 –
epoch of the catalogue), proper motions (the stan-
dard error of µα cos δ and µδ is nearly 1 mas/year),
parallaxes, photometry, etc. The International Ce-
lestial Reference Frame (ICRF), with 608 compact
radio sources, materializes the International Celes-
tial Reference System (ICRS). The accuracy of posi-
tions of radio sources is between 0.3 mas – 0.5 mas
(Ma et al. 1998). 59 new sources were added (IERS
Annual Report 1999) in the ICRF-Ext. 1. Unfor-
tunately, the HIPPARCOS mission had a duration
shorter than 4 years, not enough to obtain a satis-
factory accuracy of proper motions for some stars.

On the other hand, there are ground-based ob-
servations for about 4500 HIPPARCOS stars from
different Earth rotation programmes which were
used for latitude and universal time UT0 investiga-
tions (Vondrák 2004). These stars were observed at
33 observatories (about 4400000 astrometric obser-
vations have been collected) in the period 1899.7 –
1992.0. We can use these observations to improve
the proper motions for some HIPPARCOS stars (in
the first place, of double and multiple ones). Better
HIPPARCOS proper motions (the long-term part)
of stars means more stable reference frame in time.
Also, detected problems of the HIPPARCOS mis-
sion will give a useful information for other satel-
lite missions in the future. Recently there were sev-
eral projects using the combination of some ground-
based data with the ESA mission ones, whose results
appear in the new catalogues: FK6(I), FK6(III),
ACT, TYCHO-2, GC+HIP, TYC2+HIP, ARIHIP
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and EOC. The most recent one, EOC (the Earth Ori-
entation Catalogue), was made by Vondrák and Ron
(2003), and it is based on different Earth rotation
programmes. Here, part of the observational data of
the same Earth rotation programmes are used (PZT
latitude ones) to get improved Hipparcos proper mo-
tions in declination for some stars.

The latitude observations of two PZTs were
used, Mount Stromlo – MS, Australia, and Punta
Indio – PIP, Argentina (Vondrák 2002, private com-
munication). The observational programme of MS
contains 184 stars, the PIP one 165 stars, and there
are 157 stars in common. The observed intervals
overlap enough: 1957.8-1985.7 for MS, 1971.6-1984.5
for PIP. These two coincidences, a significant num-
ber of common stars and a good piece of common in-
terval of observations, are welcome for checking the
procedure of calculation (described below) and the
results concerning the same star observed at two ob-
servatories with different longitudes (λW = 211.o0
for MS, λW = 57.o3 for PIP) and the same latitude
ϕ = −35.o3.

2. DATA AND CALCULATIONS

2.1. Data
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Fig. 1. MS (white circles) and PIP (black cir-
cles) latitude variations ϕi with time (MJD) for HI-
PPARCOS star H10441.

The main features of the PZT latitude varia-
tions ϕi (around the corresponding mean latitudes)
used here have been already described by Vondrák
et al. (1998), Damljanović and Pejović (2005) and
Damljanović and Vondrák (2005). The calculation of
the apparent places of stars was made by using the
IAU models for precession from 1976 and nutation
from 1980, the MERIT Standards (Melbourne et al.
1983) and the HIPPARCOS data. Until 1998, the

proper motions of about 20% of PIP and MS stars
were corrected (Vondrák et al. 1998) with respect
to the HIPPARCOS Catalogue. The tectonic plate
motions were removed by means of the model NU-
VEL – 1 (Argus and Gordon 1991), also the mean
latitudes and the corrections of conventional longi-
tudes. The data were corrected for the instrumental
constants (micrometer screw, plate scale, etc.) and
for refraction.
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Fig. 2. The same as in Fig. 1, but for H10914.
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Fig. 3. The same as in Fig. 1, but for H80391.

The mean latitudes and tectonic plate motions
were subtracted from the MS and PIP latitude data:

−35o19
′

17.”450 + 0.”182/cy ∗ (t − t1), for MS
(interval 36141 – 46306 MJD),

−35o20
′

40.”566 + 0.”036/cy ∗ (t− t1), for PIP
(interval 41165 – 45883 MJD), t − t1 is from 32000
MJD (in centuries),
and here we used the latitude variations ϕi (in arc-
sec) with time MJD (in days) as the input data.
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As an example, these ϕi data for the three
stars, H10441, H10914 and H80391, are presented in
the Figs. 1, 2 and 3, respectively. The observations
were obtained with two different PZTs, MS (white
circles) and PIP (black ones). From these three fig-
ures, one can see a large scatter of points, also a
systematic shift of the data coming from two instru-
ments (presented in the Figs. 4 and 5) and polar
motion variations.

The ϕi data were made available to the author
by Vondrák (2002, private communication). The po-
lar motion changes ∆ϕi, the systematic effects (local,
instrumental, etc.), and so far unknown corrections
of proper motions in declination (which are of our
interest) are still present in ϕi.

2.2. Procedure of calculation

The observations were made with two instru-
ments and at different places, very far from each
other, and their systematic changes with time (lo-
cal, instrumental, etc.) are mutually independent.
Also, the polar motion effect ∆ϕi is present in the
available ϕi data. For all our stars we therefore de-
termined and removed this polar motion and syste-
matic changes.

The systematic changes (local, instrumental,
etc.) for each instrument were detected and removed
by using observations of all stars. Then, we have
computed the residuals for each star (without sys-
tematic and latitude variations) to be able to in-
vestigate the corrections of the proper motions in
declination. For each common star we can calculate
its corrections (one correction is from MS data and
the other from PIP ones) and compare them. The
method is valid if these corrections are mutually con-
sistent.

2.2.1. Polar motion effect

The polar motion effect ∆ϕi is dominant and
has the variations of few tenths of an arcsec, much
larger than the effect of the proper motion correction.
Thus, it is first necessary to calculate the polar mo-
tion component and to remove it from the values ϕi.
We did it by using the polar motion coordinates xi

and yi from the file EOPOA00.dat (Vondrák 2000,
private communication) and the Kostinski formula
(Kulikov 1962)

∆ϕi = xi cosλin + yi sin λin, (1)

where ∆ϕi is calculated polar motion effect for the
moment i, λin is the longitude of MS (λW = 211.o0)
or PIP (λW = 57.o3).

The residuals ri (for the moment i) for any
star are:

ri = −(ϕi − ∆ϕi). (2)

We put the sign minus in front of the paren-
theses because the calculated values of b (see below)
for some star can thus be added to the HIPPARCOS
proper motion in declination.

Next, the outlier values ri were rejected in acc-
ordance with 2.7 ∗ σ statistical criterion so that the
next step of the calculation contains more homoge-
neous values ri. After that, it was possible to calcu-
late the average values rn of ri. We have got about
one rn value per year. Hence, for each star there
is nearly the same number of points rn as the num-
ber of years of the observational period. The values
rn are presented in the Figs. 6, 7 and 8 for stars
H10441, H10914 and H80391, respectively; the sys-
tematic shifts are clearly seen.

Within an observational year, there are from
only a few to few hundred observations of the same
star (observed with MS or PIP), presented in Figs.
1-3. In Figs. 6-8, the polar motion changes with time
are removed, but not the systematic ones.

2.2.2. Local and instrumental systematic vari-
ations

After removing the polar motion changes with
time from the values ϕi, the systematic changes (lo-
cal, instrumental, etc.) with time are still present in
the values for rn, as seen from Figs. 4. (for MS)
and 5 (for PIP). For each star, every rn is the aver-
aged value of ri values over the subperiod of about
1 year. In Fig. 4, the dots are the values rn for stars
observed with MS, and in Fig. 5 for stars observed
with PIP; the black circles are the averaged values
of rn for all stars over 0.2 years, and the straight
line is the linear trend calculated by using the Least
Squares Method (LSM). The subperiod of 0.2 years
is optimal to get averaged values, and we found it
after several experiments with several other values;
the task was to find the value as small as possible,
but not to lose the necessary information about the
systematic effects.

It was necessary to remove detected syste-
matic changes from ri and to get the values r′

i. In
this paper, the linear approximation of the systema-
tic changes with time is not used. It is presented in
Figs. 4 and 5 for the sake of illustration. The linear
approximation of the systematic changes was, how-
ever, used in some other papers (Damljanović and
Pejović 2005, Damljanović and Vondrák 2005).

From Fig. 4 and especially from Fig. 5 it is
clear that the curve of the systematic changes with
time is more complicated than a linear approxima-
tion. Also, this complicated curve can affect our re-
sults significantly. Therefore, in this paper, to get
the values r′

i
, the averaged (black circles in Fig. 4

and Fig. 5) values over subperiods of 0.2 years are
used as better approximation of the real systematic
changes.

Finally, the values of r′

n are calculated by us-
ing the values r′

i in the same way as the values rn

were calculated from ri, but in this case the sys-
tematic changes (local and instrumental) were re-
moved from the r′

n values. The values r′

n for the
stars H10441, H10914 and H80391 are presented in
Figs. 9-11, respectively. A significant difference be-
tween the trends in Figs. 1-3 and those in Figs. 9-11
is clearly seen.
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Fig. 4. MS systematic changes: the dots rn are the
averaged values of ri, one in about 1 year for every
observed star, calculated linear trend – straight line,
and averaged values of ri ones per 0.2 years for all
stars – black circles, with time (MJD).
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Fig. 5. The same as in Fig. 4, but for PIP obser-
vations.

2.3. Results

Comparing Figs. 1 and 9, 2 and 10, 3 and
11, the significant improvement is evident; from sys-
tematically shifted black – white points (first three
figures) until agreement between them (last three fi-
gures).
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Fig. 6. MS (white circles) and PIP (black circles)
averaged residuals rn changes with time (MJD) of
HIPPARCOS star H10441.
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Fig. 7. The same as in Fig. 6, but for the star
H10914.

The correction of proper motion in declination
for each of the studied stars is equal to b, if the LSM
is applied to the numerical values of white points for
MS or black points for PIP (Figs. 9, 10 and 11), i. e.
to the values r′

n for each star. The straight line fits
for each star and instrument are presented in Figs.
9, 10 and 11, and in spite of different observation
intervals covered with the two instruments the lines
are nearly parallel to each other (see Figs. 9, 10
and 11 for H10441, H10914, H80391, respectively).
The lines are nearly parallel because the b values for
the two instruments are close to each other; conse-
quently, the applied method yields similar results for
two different instruments.
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Fig. 8. The same as in Fig. 6, but for the star
H80391.
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Fig. 9. MS (white circles) and PIP (black circles)
averaged residuals r′

n changes with time (MJD) for
HIPPARCOS star H10441, and its linear trends.
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Fig. 10. The same as in Fig. 9, but for the star
H10914.
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Fig. 11. The same as in Fig. 9, but for the star
H80391.

The values b are calculated by using the LSM
and according to the model

r′

n = a + b ∗ (tn − 1991.25), (3)

with the results:
bMS = −0.”0001/year ± 0.”0008/year for the star
H10441,
bPIP = −0.”0008/year± 0.”0020/year, H10441,
bMS = −0.”0011/year± 0.”0014/year, H10914
bPIP = +0.”0001/year± 0.”0028/year, H10914,
bMS = −0.”0027/year± 0.”0018/year, H80391,

bPIP = −0.”0023/year± 0.”0014/year, H80391.
For star H80391, the calculated values of b for

both data sets (MS and PIP) are mutually consistent
and the error is always less than the corresponding
value of b. Thus, it is acceptable as the real corre-
ction of the HIPPARCOS proper motion in declina-
tion. This is not the case for the other two stars
(H10441 and H10914, the values of b are very small
and less than its own errors). In the cases of H10441
and H10914, it can be concluded that the corrections
are nearly to zero.
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3. CONCLUSIONS

As it was explained in the procedure of cal-
culation and demonstrated with the results concern-
ing three HIPPARCOS stars (H10441, H10914 and
H80391), it is possible (for cases such as H80391 for
example) to get the relevant corrections of proper
motions in declination for some HIPPARCOS stars
which were subject of ground-based PZT observa-
tions for a few decades (MS and PIP, here) or to
confirm the HIPPARCOS data as it was done for
H10441 and H10914. In any case, the database of
ground-based observations with long history, as the
Earth rotation programmes (with PZTs and other
instruments data), is useful for the purpose of im-
proving even modern satellite data, and can give us
a better reference frame.
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PRECIZNIJA SOPSTVENA KRETAǋA U DEKLINACIJAMA HIPARKOS

ZVEZDA POSMATRANIH FOTOGRAFSKIM ZENITNIM TUBAMA

G. Damljanović

Astronomical Observatory, Volgina 7, 11160 Belgrade 74, Serbia and Montenegro

UDK 521.96
Prethodno saopxteǌe

U radu je opisan naqin raqunaǌa i pred-
stavǉeni su dobijeni rezultati poboǉxanih
sopstvenih kretaǌa u deklinaciji Hiparkos
zvezda koje su vixe decenija posmatrane fo-
tografskim zenitnim tubama. Hiparkos misi-
ja Evropske astronomske agencije (ESA 1997)
je trajala nexto kra�e od 4 godine xto se
pokazuje kao ograniqavaju�i faktor za pro-

klamovanu taqnost sopstvenih kretaǌa (ugla-
vnom dvojnih i vixestrukih) zvezda. Tokom
perioda 1899.7-1992.0 ra�eni su posmatraqki
programi zvezda posmatranih u okviru pro-
grama istra�ivaǌa Zemǉine rotacije koji
sada mogu da se iskoriste za proveru i
poboǉxaǌe sopstvenih kretaǌa Hiparkos ka-
taloga i referentnog sistema.
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