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SUMMARY: In this paper are presented the systematic differences Ab,, Abs
and Ad,, of the Belgrade Absolute Declination Catalogue (BCAD) with respect to
the fundamental catalogues FK4, FK5 and GC. 1t is found that prominent changes
in Ads occur within the zones of 2° in declination, that Ab, possesses changes of a
seasonal character particularly emphasized during autumn and winter and that the
“magnitude dependence Ady, is not negligible. The present systematic differences
appear as a consequence of the systematic-error influences not estimated here.These
systematic errors are due to the inadequately determined circle corrections, flexure,
refraction and to an insufficient fading of stellar brightness. |

1.INTRODUCTION

After a detailed reconstruction of the Belgrade
Vertical Circle (BVC) which took place in late 1974
(Usanov et al., 1978), observations for the Catalogue
of 307 Bright Stars between declinations +65° and
+90° (BCAD) were performed with this instrument
during 1976 — 1980 (Mijatov et al., 1991).The com-
parisons with the fundamental catalogues FK4 and
FK5 presented in the introduction to the Catalogue
show that BCAD contains significant systematic dif-
ferences of Ad, and Ads type. o

In the present paper the differences Aébqy, Ads
and A, are considered with resgect.to the funda-

mental catalogues FK4, FK5 and GC.The systematic

difference Aéy cannot be determined because there
were no observations in the equatorial zone, hence

this constant affects the value of Aéds. The system-

f(‘sl;é?: €1,£2, Ny, nz)- R

atic difference Adgsp is not determined because of a
small number of stars existing for a majority of spec-

tral types.

2. DIFFERENCES A$

~All BCAD stars were observed in both cul-
minations since the geographic latitude of the 1n-

strument (¢ & +44°48’) enabled it.The declinations

§pcap ate derived by the absolute method.They are
functions of the mean values of declinations é; and
§, obtained by observing in the upper and lower cul-
minations, their random errors £; and €2 and the
number of observations n; and ng, 1.e. 0Bcap =

"The differences Aé = égcap — éfc'betwee'n
BCAD and the fundamental catalogues are deter-
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mined from the data about the stars common with

FK4, FK5 and GC by reducing égcap to the epochs
of the fundamental catalogues.For this purpose the
corresponding systems of the precession constants
and the proper motions of fundamental-catalogue

stars are used.

- The general data for the differences Aéd are .
presented in Table 1 where Aé is the mean value of

Aé differences, €55 — random error of a single differ-
ence and n — number of differences.

Table 1. Values Aé, eas and n

FK4 - FKb5 GC

"A§ -0"01+0"03 +0705:0702 +0Y16 +0703
ens +0"%3 +0'25 +0”'53
n 110 236 307
An insiight. can be gai‘ned about the internal
distribution ot Ad differences grouping them within

certain intervals. So, about 48% of all Aé differences

for the case of FK4 and above 55% for that of FKb
fall within the interval |0” 2| and about 95% within

|0sec 5| for the both catalogues.For the case of GC
about 47% of all differences are within |0” 3| and
about 80% within |07 6]. S
The relationship between individual A
the systematic differences Ad,, Ads and Ady, 1s given

by ' -
Ab = Abs + Abg + Abm+v (1)

where v contains the differences of the systematic
influences, that are not calculated, and those of the
random errors.The order of the systematic differ-

ences on the right-hand side of (1) is given according
to the priority of their elimination from Ad. '

3. SYSTEMATIC DIFFERENCES Aé;

The analysis of the mean values Aé for various
zone widths indicates the existence of a prominent,
and to a certain degree, periodic change of these val-
ues within 2° zones in declination.Bearing this In
mind and in order to emphasize the pericdicity, we
decide to use zone widths of 1° regardless the fact

that in some zones the number of the Aé difierences
becomes then small.

In Fig. 1 the systematic differcuces Ads ob-

tained by averaging Aé on every degree of declination
are presented for the cases of FK4, FK5 and GC.

| As can be seen from Fig. 1, there are very
prominent changes of Ad; between two neighbour-
ing zones.The changes are somewhat more prominent
with in the zones +65° — 4+70° and +80° — 490°, but
it should be borne in mind that the number of Aé dif-

ferences is somewhat smaller than in the zone +70°
— 4+80° due to the nonuniformity of star distribution

in 6. Therefore, the random errors in Aé are more
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prominent. These statements are valid for the com-
parisons with all the three fundamental catalogues.

1.0
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Fig. 1. 'Qur\ées A5 in 1° zones of declination

It should be stressed that, in almost all the

cases, the AS values are higher in the zones begin-

« ning with odd declinations (65° - 66°, 67° — 68°, ...)
than in the neighbouring ones beginning with even
~‘declinations (66° - 67°, 68° — 69°,...).The mean dif-

rances obtained from A# for the neighbouring zones
‘beginning with odd declinations, 1. e. with even
ones, are +0//18 +0" 13 and 40709 for FK4, FK5
and GC, respectively. Although these differences de-

crease with the total number of Aé differences in-
creasing, a systematic difference within 2° dechina-

tion zones may be considered.lf the situation with

FK5 is taken representative the influence gives sys-

tematic errors exceeding 0. 1. N

The circle corrections examinations for some
meridian instruments produced by "ASKANIA” de-
monstrated the presence of a 2° periodicity for these

instruments that is due to the shortcomings in the
graduating machines.This effect was firstly establi-

shed from star observations with the Meridian Cir-
cle of the Belgian Royal Observatory (Becq =nd Mel-

chior, 1957). _
. The 2° periodicity was also established for the
Belgrade Meridian Circle (BMC), by applying the
spectral analysis to the corrections on every 0°5
(Trajkovska, 1981; Jovanovi¢ and Bozhichkovich,
1987) by applying the spectral analysis.However, this
periodicity is not clearly seen when 2’ circle correc-
~ tions are used in the spectral analysis for this instru-
ment (Dejaiffe, 1973).In the case of BVC, also pro-
‘duced by "ASKANIA”, approximately at tne same
- time as BMC, such periodicity was not found by
- applying the spectral analysis metkod on the cir-

cle corrections made on every 10’ (Jovanovi¢ and
Bozhichkovich, 1987).

~ If a realistic hypothesis that the 2° periodicity

of the circle graduation is also present for BVC, then
its circle corrections have their systematic errors of
determination, hence the prominent Ads; changes in




SYSTEMATIC ERRORS OF Aé,, Ad;, Ady, TYPE OF THE BELGRADE ...

the declination zones of 2° are just due to'these er-

rors. This hypothesis can be confirmed or negated

in additional examinations.

fluences as much as possible a smoothing of the Aé;

values in 0° 5 declination zones for the case FK4,

FK5 and GC are carried out. These values are pre-

In order to eliminate this influence as much as
possible, as well as that of random errors, and in this

way to ciemonstrate the presence of other effects pro-
ducmg the differences Aé;, we carry out a smooth-

ing of Aé grouped within 2° declination zones.The
smoothed curves for the cases of FK4, FK5 and GC
are presented in Fig. 2.

sented in Fig. 3 and they may be (approximatively)

treated as the curves of the systema.tlc differences
Abs. . _ | o

4. SYSTEMATIC DIFFERENCES A#,

The systematic differences Aéd, primarily arise
due to the changes of the observational conditions
with time-daily and seasonal. Therefore, it should be
considered in Wthh right ascension zones the exis-
tence at Ab, due to the dally and seasonal changes

~ can be expected

In Table 2 preeented are the observatwnal sea-

s0NS for the upper and lower culminations in 4" right

ascension zones; The seasons are denoted as: 1 ~ win-
ter, 2 — spring, 3 ~ summer and 4 — autumn.The sea-

sons, when the number of observations within a zone
and for a given culmination prevalls, are underlined.

1.0

Table 2. Observatlonal seasons in right ascenelon
a.nd culrnma.tlon

85 70 75 80 8 90 _
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Fig. 2. Smoothed curves Ads in 2° zones of decli- __ =~ 9 -4 4" -8 8 -127 127-16" 167 -20" 20" -
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The curves for the cases of FK4 and FK5 are
- approximately linear and they have an increasing

trend in Aé; whose total variation is about 0" 15.
Certainly, this variation i1s due to the influences of

flexure and refrect.lon that are not calculated because

~ Above all the effect of daily variations can be
“expected in those right ascension zones where the
observations were performed in the same season. in

their effect 1s approximately linear due to relatively  both culminations.These are the zones: 4h — gh. 12"
small variations in z. - - 164, 16" 20h and 20h 924h -
1.0 1.0 I -
. L A e K4
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Fig. 3':*'Cﬁfves of systematic differences Ad; Flg 4. Smoothed curves Aé in 1® zones of rlght

-~ Thus the main sources of Ad; type systematic ‘ascension.

errors in BCAD are, probably, at the first place the
systematic’ errors of the circle corrections determi-

nation and then the influences of BVC ﬂexure and |

refractlon not being evaluated.
-~ In order to preserve all found systema.tlc in-

‘The seasonal va,na.tlons effect can be expected
in those right ascension zones where the observations
in the autumn and winter periods prevail ¢ -matter

_w,!uch gul 1g1at10n 1S studleﬂ and hese are the zones

16”' and 16 . Namely, it has
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been found that the seasonal variations in flexure
(not calculated in the treatment of BCAD) are es-

pecially prominent in the autumn period (Mijatov
and Trajkovska,-1989) and that the declination val-

ues obtained from winter observations (at tempera-

tures about zero) are significantly different from the

other ones. | _
In Fig. 4 are presented the smoothed curves
of the A6, values for FK4, FK5 and GC obtained
by averaging the A§ differences over right ascension
zones of 1* previously made free of the mean Ads
‘values in declination zones of 1°. ' |
According to Fig. 4, in the zones 4* - 8", 12"
- 16", 16* - 20" and 20* - 24" the Aj, values are
higher, as expected, and they are due to both daily

and seasonal variations concerning the autumn and

winter observational conditions. _
- In the zones 0* — 4% and 8h — 12" where the

observations causing daily variations are absent the

A8, variations are small.In these zones the obser-
vations were largely performed during the seasons

favourable for observing from both instrumental and
observational view point, such as spring and summer.

" The different signs of the Aé, values for the

sones 4% — 8% and 16® — 20* correspond to the cul-
minations at which the observations were performed
in winter.This fact indicates that the sources of the
seasonal variations are those influences of a seasonal

character not treated in the calculations, but most
strongly affecting the zenith distance determination.
These are the flexure and the refraction. -

From the abovesaid it follows that the system-

atic differences AS, are mainly due to the flexure in-

fluences (daily and seasonal) and refraction influence
(seasonal) not calculated in the treatment of BCAD.

All these considerations are made for Ad, for
the cases of FK4 and FK5 since the Ad, type system-

atic errors for these catalogues are small.Therefore,
the systematic differences Ad, with respect to FK4
and FK5 can be largely considered as systematic er-
rors of BCAD. .

In addition to the procedure applied here, the
systematic differences Ad, can also be determined
by expanding in a trigonometric series in a.ln our
case it is possible to achieve a good agreement with
léhe3curves from Fig. 4 by expanding in a series up

o da. |

5 SYSTEMATIC DIFFERENCES Aén

The systematic differences Ad,, are determi-

" ned by using the least-square method from the ex-
pressions | o

ap + (m — "7;0)01" = Ab — Abs — Ada (2)

where: m- star magnitude, mp — mean magnitude
obtained from all stars, A8 = égcap — érc and Ads
and A, are the corresponding systematic differences
used for Figs. 1 and 4.

o0

- FK5 07000 07013

" Table 3 contains the values of the coeflicients
ao and a, with their errors, mg and the standard

deviation ¢ for FK4, FK5 and GC.

Table 3. Parameters of magnitude dependence

| ao a1 ‘mo g
FK4 07000 + 07018 —07026 +07019 5.27 0719
—0"019 + 07015 5.90 0720
GC 07000 £ 07026 —07035+07029 5.89 0746

i

[

The coeflicient a, deﬁnihg the dependence of

Ab on the maﬁnitude is significant with respect to all
the three catalogues.The agreement. of the a; values

for FK4, FK5 and GC shows its realty. -

The cause to Aé,, existence is, most likely,
the application of an inadequate system for fading

the star brightness.BVC used to have an original sys-
“tem for fading the star brightness, but because of its

influence on the instrument’s equilibrium that sys-
tem had to be removed.The nets for fading the star

~ brightness, made afterwards of densely interwoven
‘silk threads lying on cardboard cariers, dimensions

combarable to those of the telescope’s dew cap, have
not been able to fade the star brightness efficiently.

6. v VALUES

" The v values are obtained aécording to (1) by
eliminating the systematic differences Ad;, Ads and

~ Aé,, from the differences Ad.

- Let us consider now to what def:ee the data
characterising the sets Ad are improved by eliminat-
ing these systematic differences.

The dgeneral data for the v values correspond-
ing to the data from Table 1 concerning A6 are pre-

sented in Table 4.

Table 4. Values ¥, €, and n

et e e e S S M

FK4 FK5 GC
e
7 07000702 07000701 0”00+ 0703
e, 0719 40720 40746

236 307

n 110

As can be seen from Table 4, the mean syé—

tematic differences Ad between BCAD and the fun-
damental catalogues are eliminatad completely.The

 random errors £as are reduced by about 30% for the

case of FK4, by about 20% for that of FK5 and for
GC by about 13%.

"~ The rate of the v values within the interval
10/2| has grown with respect to Aé fromn 48% to

68% for the case of FK4 and from 55% to 71% for
that of FK5.In the case of GC this rate has grown



within |0” 3| from 47% to 61%.All the v values for
the cases of FK4 and FK5 are within |0 5|.

The number of the v values within the inter-
vals of |0 " 1} for the cases of FK4 and FK5 and within

the intervals of |0 3| for that of GC satisfies the

Gaussian normal distribution that 18 not the case
with the Aé differences.

All abovesaid points out that the v values are

practically affected solely by the random errors of the

declinations determination in BCAD and the funda—-
mental catalogues.

7. CONCLUSION

In spite of the presence of the systematic er-
rors of the typ
18 affected, the BCAD Catalogue can satisfy the re-
qmrements of modern fundamental astrometry as an
absolute catalogue.By applying the obtained system-

atic differences Af,, Ad; and A#S,, with respect to

the fundamental catalogues FK4, FK5 and GC it is
possible to reduce the BCAD Ca.talogue if necessary,
to the systems of these fundamental catalogues.

Special analyses are required in order to dis-
cover the causes for the 2°-periodicity existencein

Ads and those of the refractlon and flexure influences
for Ady, and Ads that have not been calculated.

es Aébd,, Ads and Ab,,, by which it
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- CUCTEMATCKE I'PELHIKE THIIA A6a, Abds, Db,
BEOI'PAIICKOT" KATAJIOTA AHCOJD’T HHNX IIEKJIHHAU.HJ A

M. Mujatos, B. Tpajxoncxé, s D, 'Bomnqxoﬁuh U B. CexynoBuh

Acmporomcka oncepeamopuja, Boaeuna 7, Beozpad, Jyeocaasuja

YIK 52-355.3

IIpemxo0HO caonuimerse

Y OBOM pajy Cy IpHUKa3aHe CUCTEMATCKE pas-
JIMKe Aby, Ads n Ad,, beorpaickor karasjora arco-
JIYTHAX IEeKJIHHAalMja (BKAII) Y OXHOCY Ha (I)yHna-
MeHTaJIHe KaTtajore $K4, K5 u I'K

KoHcTaTOBaHO je na Aéds UMa H3pa3UTE ITpOMe-

He y OKBHpY 30Ha of 2° 110 JAeKJIMHaluM M, ga Ad, UMa
ITIPOMEHE CE€30HCKOI' KapaKTepa HAapOIHUTO M3paXCHUX
y JECEHEM W 3UMCKOM IIepHOAY M Oa 3aBHUCHOCT 04

Maruuryne Aé,, Huje 3aHEMapIbiBa.
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