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SUMMARY: In this paper it is demonstrated that a significant fraction of the
random error of a single declination determination (εδ), as well as of the seasonal
error (∆δα) in declination, has its origin in the temperature dependent variability
of the residual flexure of the Belgrade-Vertical-Circle. The temperature coefficient

of flexure is equal to 0
′′
.054/◦C.

1. INTRODUCTION

As well known, with the majority of the clas-
sical vertical circles the absolute declinations have
been obtained with significant systematic errors of
the types ∆δα and ∆δδ (for more details e. g. Zverev,
1950). In this paper the main attention is paid to the
disclosing of the basic cause of significant systematic
deviations of the ∆δα type in the case of the Bel-
grade Vertical Circle (BVC). This time in order to
obtain completely independent results we use only
the observations performed with this instrument, in
distinction from previous analysis (Bozhichkovich,
1991). Namely, then the author analysed the differ-
ence δBV C − δFK4 of preliminary mean declinations
of 212 fundamental stars (to which 52 at lower cul-
mination are added making a total of 264) obtained
by his own observations and declinations taken from
the FK4. This previous analysis indicated, among
others, also a significant dependence of the BVC
residual flexure on the temperature (coefficient is
about 0′′

.04/◦C). In addition, the reason for a new
approach to this problem is contained in the fact
that 157 series of horizontal-flexure- component de-

terminations with the collimators performed during
113 nights, when the observations of stars were also
carried out, yield relatively small values for the BVC
flexure (mean value, Σbc/157 = 0

′′
.20 ± 0

′′
.34/

√
157)

showing practically no dependence on the tempera-
ture.

2. THE STATISTICS

In order to understand the necessity of this
analysis, the reality of its results and the effect of
the obtained results on the final declination values
we present Table I, Table II, Table III and Table IV,
which contain the statistics of the quantities used in
the analysis.

The first column of Table I contains the scale,
in arcsec, of the deviations (∆δij = δij − δj) between
the measured and mean declination of the same star
j.

In the second column we present the number
of observations (N(∆δij)) deviating by ∆δij from the
mean value. As may be seen, all the deviations anal-
ysed here (there are 2143 of them) are within the lim-
its of ±2′′

.1, whereas 96% of them are within ±1′′
.0.
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The third column (N(∆δij)′) contains the nu-
mber of the homonymous deviations, but now cor-
rected by the results of the present analysis. A cur-
sory look shows that the general concentration about
zero is increased with respect to column 2. On the
average practically all deviations, both large and
small, are somewhat reduced.

Table I. Distribution of the deviations ∆δij obta-
ined in the analysis, depending on their amount.

(1) (2) (3)
∆δij N(∆δij) N(∆δij)′

−2
′′
.05 1 0

−1.95 1 2
−1.85 1 1
−1.75 3 0
−1.65 5 4
−1.55 0 1
−1.45 0 0
−1.35 3 1
−1.25 5 5
−1.15 8 4
−1.05 15 5
−0.95 20 11
−0.85 21 15
−0.75 32 37
−0.65 49 51
−0.55 87 71
−0.45 102 110
−0.35 129 150
−0.25 179 170
−0.15 210 202
−0.05 220 245
+0.05 190 211
+0.15 201 215
+0.25 163 182
+0.35 150 135
+0.45 108 95
+0.55 62 74
+0.65 42 44
+0.75 34 38
+0.85 30 21
+0.95 33 14
+1.05 15 12
+1.15 4 6
+1.25 2 4
+1.35 8 3
+1.45 6 0
+1.55 2 3
+1.65 1 1
+1.75 0 0
+1.85 0 0
+1.95 1 0
+2.05 0 0

Table II. Statistical survey of quantities
involving temperature.

(1) (2) (3) (4)
◦C N(tij) N(tij − tj) N(tj)

−17.5 0 1 0
−16.5 0 1 0
−15.5 0 1 0
−14.5 0 3 0
−13.5 0 13 0
−12.5 5 19 0
−11.5 23 20 0
−10.5 0 19 0
−9.5 0 15 0
−8.5 0 28 0
−7.5 0 55 0
−6.5 0 39 0
−5.5 3 64 0
−4.5 14 84 2
−3.5 26 133 10
−2.5 42 131 2
−1.5 31 183 1
−0.5 73 175 13
+0.5 84 242 3
+1.5 62 186 6
+2.5 16 204 10
+3.5 18 148 6
+4.5 10 125 2
+5.5 18 95 3
+6.5 23 55 19
+7.5 12 39 17
+8.5 41 26 4
+9.5 69 14 2

+10.5 85 2 6
+11.5 81 11 33
+12.5 87 5 5
+13.5 145 0 20
+14.5 191 4 20
+15.5 141 1 11
+16.5 167 1 15
+17.5 170 1 23
+18.5 134 0 25
+19.5 137 0 6
+20.5 108 0 0
+21.5 61 0 0
+22.5 33 0 0
+23.5 19 0 0
+24.5 9 0 0
+25.5 4 0 0
+26.5 1 0 0

The first column of Table II contains the sca-
le, in ◦C, of temperature values involving tij and tj
and temperature difference (tij − tj), tij being the
measured and tj mean temperature.
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In the second column (N(tij)) we present the
number of observations at given temperatures tij .
As may be seen, throughout these observations the
temperature ran within a very wide range of nearly
40◦C. During the execution of this small programme
it was intended to achieve this range to be as large
as possible for this research to be successful, since
on these latitudes it is almost impossible to have a
range narrower than 30◦C, so that the knowledge of
temperature dependent characteristics of the instru-
ment, perforce necessary for any serious work, may
be assured. Besides, an increased number of obser-
vations at relatively high temperatures is noticeable.
Namely, in 1983 and 1984 a relatively uniform distri-
bution of the observations over the seasons is charac-
teristic and this would have yielded their relatively
uniform distribution also of the temperatures if the
programme, first conceived as a biannual one, be-
cause of missing of several winter observations had
not been prolonged also into 1985. Due to the ob-
serving of the outer planets in that year the num-
ber of observations was significantly increased in the
summer-autumn period.

The third column contains the number of ob-
servations with the difference between the measured
tij and the mean temperatures tj (N(tij − tj)), re-
lated to the same star. As seen, the differences are
within a very wide range (±18◦C) but with a rela-
tively symmetric concentration about zero. This will
provide, as will be seen later on, high certainty in the
temperature-coefficient determination for the flexure
of BVC.

In the fourth column is presented the num-
ber of stars (N(tj)) at whose transits mean temper-
ature measured inside the pavilion is tj (Σtj/264 =
+10.61◦C). As evident the tj are within the range of
24◦C whereby, as in column 2, the additional obser-
vations from 1985 violated the relatively simmetric
temperature distribution.

Table III. Distribution of alidad axis inclination
(N(Iij)) depending on its amount (Iij)

(1) (2)
Iij N(Iij)

−6′′
.5 0

−5.5 3
−4.5 32
−3.5 93
−2.5 183
−1.5 279
−0.5 412
+0.5 529
+1.5 381
+2.5 147
+3.5 61
+4.5 19
+5.5 4
+6.5 0

The first column of Table III contains the sca-
le, in arcsec, of values of half the inclination differ-

ence of the alidade axis in the two (E, W ) positions of
BVC necessary in the zenith-distance determination
of particular star (hereafter inclination only) accord-
ing to the readings of the two BVC levels.

The second column contains the number of ob-
servation N(Iij) according to inclination Iij . It can
be seen that all the inclinations are within the lim-
its of ±6′′ with a relatively symmetric concentration
with respect to zero and it seems that they are suffi-
cient to detect any inaccuracy in the applied division
values of the two levels of BVC.

The first column of Table IV contains the sca-
le, in arcsec, of values of the refraction corrections
(∆ρij), if the transition from the outer temperature
to the one inside the pavilion is desired.

In the second column is presented the number
of observations (Nδ(∆ρij)) in which the correction
to be added to the observed declinations (δij) for
the refraction calculated according to the inner tem-
perature, has a value ∆ρij . As may be seen for a vast
majority of observations this correction is within the
limits of ±0′′

.5 and for more than half of them it is less
than ±0′′

.1. One should bear in mind that its amount
depends on both the difference between the temper-
atures inside and outside the pavilion and approxi-
mately on the tan of the zenith-distance (Zij = −75◦
up to +75◦).

In order to make the things more clear in the
third column is given the number of observations
(NZ(∆ρij)) with the values of the corrections ∆ρij ,
but this time added to the measured zenith distance,
now always positive in the calculation of this correc-
tion (Zij = 0◦ up to 75◦). As seen, this time too the
concentration with respect to zero is present, but the
positive values prevail, indicating that for the major-
ity of observations the inner temperature was lower
than the outer one. The reason for this is, as men-
tioned above, the prominent increase of the observa-
tions in the period summer-autumn 1985, these hav-
ing been largely performed in the beginning of the
evenings (when the outer temperature exceeds the
inner one) because of observing the outer planets,
unlike the winter-spring period when, on the aver-
age, we have a converse situation. About twenty ob-
servations with prominent ∆ρij correspond to stars
with high zenith distances, most often observed be-
fore the others during the same evening, sometimes
early in the twilight, in a few cases even before the
sunset when high temperature differences of 2 to 3◦C
(inside and outside the pavilion) are possible.

Yet, as may be seen from columns 2 and 3 of
Table IV, above all due to the inadequate construc-
tion of the BVC pavilion, there is a systematic differ-
ence of temperatures inside (Σtij/2143 = +12.51◦C)
and outside (Σtij/2143 = +12.78◦C) the pavilion.
These differences lead to two conspicuously different
declination systems following from the same obser-
vations. In spite of the existing asymmetry in the
seasonal distribution of the observations we try in
this analysis to solve this problem and the dilemma
– which temperature yields the best representation
of the field in and around the BVC in the refraction
calculation.
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Table IV. Distribution of the differences of the
refraction ∆ρij = (ρ(tin) − ρ(tex))ij used in the
analysis, depending on their amount.

(1) (2) (3)
∆�ij Nδ(∆�ij) NZ(∆�ij)

−2′′
.05 0 0

−1.95 0 0
−1.85 1 0
−1.75 0 0
−1.65 0 0
−1.55 1 0
−1.45 0 0
−1.35 0 0
−1.25 0 0
−1.15 3 0
−1.05 0 0
−0.95 7 0
−0.85 4 1
−0.75 4 0
−0.65 7 2
−0.55 19 2
−0.45 24 5
−0.35 66 19
−0.25 99 50
−0.15 207 116
−0.05 761 568
+0.05 525 718
+0.15 227 318
+0.25 82 131
+0.35 56 103
+0.45 16 35
+0.55 16 33
+0.65 4 9
+0.75 6 10
+0.85 3 6
+0.95 2 9
+1.05 0 0
+1.15 1 4
+1.25 1 1
+1.35 0 0
+1.45 0 0
+1.55 0 1
+1.65 0 0
+1.75 0 0
+1.85 0 1
+1.95 1 1
+2.05 0 0

3. THE APPLIED PROCEDURE

It has already been mentioned several times
that in the present analysis an attempt will be made
to determine the temperature coefficient of the flex-
ure, a possible inaccuracy in the division values of

the two BVC levels, as well as the temperature with
which the refraction should be calculated. Due in
the first place to the fact that all observations were
performed within a relatively short interval, of two
years only, the effect of any possible inaccuracies of
the astronomical constants is assumed as unessential
(precession, nutation, annual aberration, as well as
inaccuracies in the proper motions of observed funda-
mental stars). In addition, since in the basic reduc-
tion we use the mean-latitude corrections (∆ϕBIH),
it is assumed that the possible local so-called z term
is relatively small. Disregarding the fact that this
assumption has been substantiated in the polhody
examinations carried out for many years by the Bel-
grade Latitude Service, the present analysis attempts
to correlate the latitude corrections (∆ϕBIHi) and
the declination deviations (∆δij). Due to the short
duration of the considered period and the relatively
small number of observations of the same stars in
different seasons and since relatively small values ob-
tained with low accuracy had no essential effect on
the other results of the analysis, the above assump-
tion seems realistic. Nevertheless, in the future one
should devote an adequate attention to this impor-
tant question.

In accordance with all the above said in this
paper, by using the least-square method, the follow-
ing relation has been solved:

±∆δij =∆b(tij − tj) sin Zij + ∆λ(Iij − Ij)+

κ(∆ρij − ∆ρj)
(1)

where, in addition to the quantities used earlier, ap-
pear also the following ones: (the sign ”minus” is
taken for the lower-culmination observations.)
±∆δij = ±(δij − δj); δij – declination from i-th
observation (i = 1, 2, ..., nj; nj – total number of
observations for j-th star, nj is not less than 2 and
is not greater than 34); δj – mean declination from
nj observations of j-th star (j = 1, 2, ..., 264); ∆b
– temperature flexure coefficient here searched for;
tij – temperature inside the pavilion during i-th ob-
servation of j-th star; tj – mean temperature for nj

observations of j-th star; Zij – measured zenith dis-
tance and its sin Zij practically constant for a given
star in all its observations (southern stars assumed to
have negative zenith distances); ∆λ – possible com-
mon error in the adopted division values of the two
BVC levels; Iij – measured inclination, expressed in
division values obtained from the two levels; Ij –
mean inclination of BVC following from all observa-
tions of a given star; κ – unknown coefficient whose
value removes the dilemma which temperature to use
in the refraction calculation, outer (κ = 0), inner
(κ = −1) or, proportionally to the coefficient, in-
termediate one; ∆ρij = (ρ(tin) − ρ(tex))ij – the dif-
ference of the refraction values calculated with the
inner temperature (tin) and the outer one (tex), i.
e. this is a correction to be introduced in order to
calculate the refraction with the inner temperature
since at deriving the preliminary declinations use has
been made of the outer one; ∆ρj – mean value of the
refraction corrections applied to the j-th star.
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4. ANALYSIS

The 2143 equations of condition of the form
(1) are solved by the least-square method in two
versions – once with (version(a)), and once without
(version (b)) introducing the values obtained with
the collimators for the flexure of BVC. The obtained
results with their errors are presented in Table V.

As evident from Table V, considering the me-
an errors, all the values are relatively reliably deter-
mined. In addition one can conclude the following.

1) These values of the temperature flexure coef-
ficient (∆b) of BVC obtained independently,
though somewhat higher than those following
from the comparison with FK4, seem to us
fully realistic and applicable in the final re-
ductions. With regard to the amount of the
temperature fluctuation (column 3 of Table
II) both at different observations of the same
star and of the mean temperatures (column
4, the same Table) from star to star, the first
term in relation (1) is dominant and largely
to it a significant improvement in the accu-
racy is due both in respect to the random (for
more details see below) and the systematic ef-
fects. Besides, though the slightly higher co-
efficient in the version (a) (0

′′
.057 compared to

0′′
.054), when the flexure obtained with colli-

mators was included in the measurement on
the same evenings of the observations, ques-
tions the justifiability of determining the flex-
ure regularly conjointly with the observation
(generally poor efficiency of visual pbserva-
tions becomes even poorer). The probable
reason why the flexure determined with col-
limators is not realistic is in an inadequate
construction of the BVC pavilion and in the
disposition of the prime-vertical niches. The
difficult question concerning the real physical
cause (refraction inside the tube of the instru-
ment, flexure of the declination circle, etc)
of the presence of such a high tempperature
flexure coefficient in the observed declinations,
which practically cannot be determined using
laboratory technique with the collimators ac-
cording to Bessel’s method, will remain unan-
swered again.

2) Relatively small values (−0
′′
.034 and −0

′′
.028)

are obtained for the total error of the divi-
sions (∆λ) of both BVC levels. These values
indicate, above all, that the procedure of the
level- division determination applied earlier,

with BVC in working state and with mercury
mirrors at nadir yields very realistic results
(Bozhichkovich, 1986). Here it should be men-
tioned that in order to verify if a part of the
temperature dependence of the results is per-
haps also due to the levels, in (1) is introduced
an additional term, corresponding to the sup-
posed influence. Since the obtained values are
very small, without any essential effect on the
other results, or on the determination errors
(εij), they will not be given here, nor their
term. In view of the statistics of the mea-
sured inclinations given in the second column
of Table IV, the obtained results have a signifi-
cant effect (maximum values about ±0′′

.20) on
a relatively small number of observations. Al-
though in some observational nights a higher
inclination was deliberately tolerated, a con-
tinuous effort was done to achieve a) mean in-
clinations related to individual stars and b)
throughout catalogue, to be close to zero. The
second striving was realised completely, unlike
the first where we were successful only partly.
Namely, due to the existence of a relatively
slight instability of BVC (whose source and
nature are not completely clear), the measured
inclinations (consequently also the mean ones)
are always somewhat higher for northern stars
(approximately up to +1′′) than for southern
ones (approximately down to −1′′). As evi-
dent, such a BVC characteristic suggests that,
because of removing of the systematic effect
within limits of ±0

′′
.04 (true, for a few stars

the mean inclination attains values of +1
′′
.5 or

−1
′′
.5), the values obtained above, though rel-

atively small, nevertheless should be applied
in the final treatment.

3) A difference appears in the temperature mea-
sured inside the pavilion and outside it, in
the meteorological shelter. It is a relatively
frequent occurence and can be significant (up
to 2◦C and more). For this reason, and also
generally, a question arises which temperature
yields the best representation of the condi-
tions of observation. According to Table V,
κ = −0.40;−0.30, it follows that this is a tem-
perature between the inner and the outer ones,
but, still, somewhat closer to the outer one. It
is curious to note that the applied flexure, ob-
tained inside the pavilion with the collimators,
shifts this result slightly closer to the inner
temperature (κ = −0.40).

Table V. Results of the ∆δij analysis. With (version (a)), and without (version (b)),the flexure values
obtained with collimators.

(1) (2) (3) (4) (5)
case ∆b ∆λ κ εij

a (0
′′
.057±0

′′
.0028)/◦C −0

′′
.034±0

′′
.0051 −0.40±0.055 ±0

′′
.45

b (0′′
.054±0′′

.0026)/◦C −0′′
.028±0′′

.0047 −0.30±0.051 ±0′′
.42
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5. CONCLUSION

In order to illustrate the effect of the quanti-
ties considered above on the mean random error of a
single declination determination with BVC (εj) with-
out introducing weights, by the least-square method
the usual relation (2) has been solved for both cases
(with (a) and without (b) flexure values) using 264
εij values before and after (a′ and b′) introducing the
above results.

(εj)2 = (ε0)2 + (ε1)2(tan Zj)2. (2)

All the four solutions of (2) with their r.m.s.
errors are given in Table VI.

Table VI. The solutions εj by (2) applying flexure
(a) and the values from Table V (a′) and solutions
εj without applying flexure (b), but using the values
from Table V (b′).

(1) (2) (3) (4)
case ε0 ε1 ε′

a 0′′
.41 ± 0′′

.13 0′′
.22 ± 0′′

.07 ±0′′
.48

a′ 0.36 ± 0.11 0.19 ± 0.06 ±0.41
b 0.39 ± 0.13 0.20 ± 0.07 ±0.47
b′ 0.34 ± 0.11 0.18 ± 0.06 ±0.40

As evident from Table VI (columns 2 and 4),
the calculated solutions of (1) improve the accuracy

of BVC observations significantly. From the third
coluumn we see that the improvement in the sec-
ond coefficient of (2), characterising the decrease in
the accuracy of the observations with the increasing
zenith distance, exists, but it is insignificant. This is
understandable because the amount of this term is
mostly dependent on atmospheric scintillation.

It should be emphasized here that in the pre-
sent investigation no observation is rejected though
about 15 at them it fully deserved. This becomes es-
pecially clear after applying the results of this anal-
ysis. However, since their rejecting had practically
no effect on the results of (1), this time we abstained
from doing this, though in the final treatment after
applying these results, as well as a possible E−W
effect, this certainly should be done.

On the basis of all said above it is real to ex-
pect the final mean accuracy of the future catalogue
to be even somewhat better, though it is already now
very satisfactory for this instrument type with visual
observing. Perhaps even more important is the fact
that the situation from the systematic point of view
too will significantly be improved.
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Originalni nauqni rad

U ovom radu se pokazuje da znatan deo
sluqajne grexke jednog odre�ivaǌa deklina-
cije (εδ), kao i sezonske grexke u deklinaci-
jama (∆δα), potiqe od temperaturske prome-

nǉivosti neobraqunatog savijaǌa kod Beogra-
dskog vertikalnog kruga. Temperaturski ko-
eficijent savijaǌa iznosi 0

′′
.054/◦C.
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