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SUMMARY: During 1988 at the Munich, Vienna and Graz stations selected
stars were observed for the purpose of determining difference in the longitudes.
The measurements were performed with Danjon astrolabe by using the method of
equal zenith distances. In the present paper the authors analyse the registration
precision of 1604 star transits over a given almucantar. They estimate the variance
of registration of star transits over a fictive thread as function of declination and
parallactic angle before and after elimination of gross errors.

1. INTRODUCTION

For the purpose establishing of the European
Longitude Network ELN precise measurements of lo-
ngitude differences between national reference sta-
tions in Germany, Italy, Spain, the Netherlands, Fra-
nce, Potugal and Austria (Kaniuth and Wende, 1980,
1983, Wende 1992) have been performed. These me-
asurements were carried out between 1977 and 1982,
those in 1988 with Danjon astrolabe. In determin-
ing the longitude with Danjon astrolabe the method
of equal zenith distances, i.e. the star-almucantar-
transit time was registered at zenith distance z ≈
30o.

In this paper the authors analyse the observa-
tional material concerning the determination of lon-
gitude differences between the Munich, Vienna and
Graz stations from 1988 carried out by W. Wende
(this is the part of the material received by the au-
thors thanks to the courtesy of Prof. Dr-ing. Rudolf
Sigl and dipl.-ing. Werner Wende). Selected FK5
stars have been observed within +20◦ and +70◦ dec-

lination range. For each of the 1604 star transits the
time registration was performed using 24 contacts.

The present paper is aimed at determining of
the registration precision of the times of the star al-
mucantar transits and of the way of controlling of
star-transit-registration gross errors.

Since the star-transit registrations must be te-
sted for gross errors, it is necessary to estimate the
registration standards. For this the authors use the
dependence of time registration on declination and
parallactic angle so that as a consequence the vari-
ances of star-almucantar-transit registrations are dif-
ferent.

2. THE PRECISION ANALYSIS OF THE
REGISTRATION RESULTS

Let Θi (i = 1,...,24) be the registration times
(contacts) of the almucantar transit of a star. Then,
on the basis of 12 contact pairs symmetric with re-
spect to the fictive mean thread, one can calculate
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12 ”registrations” of the fictive-mean-thread transits
for the same star according to the following formula

θj =
1
2

(Θ13−j + Θ12+j) (j = 1, ..12) , (2.1)

hereafter the term RESTAFIT is used for REgistra-
tions of STAr-FIctive-thread Transits.

For a star transit we calculate the mean value
θ̄ from 12 θj values, as well as the RESTAFIT-vari-
ance estimate

m2
θ =

1
n − 1

n∑

j=1

(θj − θ̄)2, n = 12 . (2.2)

We assume that the RESTAFITs θj obey a
Gaussian distribution law with the following parame-
ters: mathematical expectation M[θj ] = ξs and vari-
ance D[θj ] = σ2

θs
(s = number of transits). They

differ from star to star since the accuracy of time
registration depends on the star-transit speed, i.e.
on declination and paralactic angle.

In order to discover and eliminate those RE-
STAFITs containing gross errors one should reduce
all quantities θj to values having the same variance.
For this reason reduced RESTAFITs are calculated

θ′j = θj · cos δ sin q (2.3)

having now for each star a Gaussian distribution with
the same variance estimated for a single transit as

m2
θ′ =

1
n − 1

n∑

j=1

(θ′j − θ̄′)2 . (2.4)

The calculated values m2
θ and m2

θ′ for all tran-
sits are ordered in declination δ and paralactic angle
q of stars. The mean group values are given: in Ta-
ble 1 and Fig. 1 for declination, in Table 3 and Fig.
3 for paralactic angle.

The gross errors within a θj are established
according the criterion of deviating from the mean
value with a known standard of measurements σθ
(Perović, 1989). The mean value from the standard
estimates mθ′ is taken as a measurement standard
σθ′ because it is obtained from a large number of
measurements (a total of 19 248) and consequently
σθ is calculated now following (3.1). For a signifi-
cance level α = 0.05 of the criterion 1597 (about 8%
of the total) are eliminated.

After the elimination of the gross errors the
values m2

θ and m2
θ′ are calculated again for all tran-

sits and ordered according to declination δ and q of
stars. The group mean values are given in: Table 2
and Fig. 2 for declination, and Table 4 and Fig. 4
for paralactic angle respectively.

Table 1. Variance estimate of RESTAFITs depend-
ing on declination before gross-errors elimination. N
is the number of values within a group.

Group δ m2
θ′ m2

θ N

1 20o − 25o 0s.000372 0s.001615 28
2 25 – 30 .000391 .001276 177
3 30 – 35 .000384 .000966 277
4 35 – 40 .000432 .000970 323
5 40 – 45 .000401 .000898 199
6 45 – 50 .000385 .000921 186
7 50 – 55 .000362 .001006 143
8 55 – 60 .000335 .001171 151
9 60 – 65 .000308 .001495 85

10 65 – 70 .000302 .002059 35

Table 2. Variance estimate of RESTAFITs depend-
ing on declination after gross-errors elimination. N
is the number of values within a group.

Group δ m2
θ′ m2

θ N

1 20o − 25o 0s.000244 0s.001075 28
2 25 – 30 .000228 .000748 177
3 30 – 35 .000230 .000578 277
4 35 – 40 .000237 .000535 323
5 40 – 45 .000228 .000511 199
6 45 – 50 .000233 .000557 186
7 50 – 55 .000226 .000628 143
8 55 – 60 .000207 .000720 151
9 60 – 65 .000211 .001027 85

10 65 – 70 .000212 .001425 35

Table 3. Variance estimate of RESTAFITs depend-
ing on paralactic angle before gross-errors eliminati-
on. N is the number of values within a group.

Group q m2
θ′ m2

θ N

1 20o − 30o 0s.000346 0s.001769 9
2 30 – 40 .000394 .001382 143
3 40 – 50 .000376 .000993 255
4 50 – 60 .000415 .000944 362
5 60 – 70 .000408 .000920 314
6 70 – 80 .000385 .000980 204
7 80 – 90 .000331 .001082 173
8 90 – 100 .000343 .001546 100
9 q > 100 .000284 .001875 44
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Table 4. Variance estimate of RESTAFITs depend-
ing on paralactic angle after gross-errors elimination.
N is the number of values within a group.

Group q m2
θ′ m2

θ N

1 20o − 30o 0s.000271 0s.001382 9
2 30 – 40 .000231 .000812 143
3 40 – 50 .000224 .000595 255
4 50 – 60 .000237 .000540 362
5 60 – 70 .000230 .000521 314
6 70 – 80 .000227 .000579 204
7 80 – 90 .000216 .000707 173
8 90 – 100 .000215 .000981 100
9 q > 100 .000204 .001332 44

In 98 star transits three RESTAFITs are elim-
inated, in 47 transits 4, in 24 transits 5, in 5 tran-
sits 6 (half) and there is one transit where even 7
RESTAFITs are eliminated.

Bartlett’s test of variance equality applied to
the data from Tables 1-4 for significance level α =
0.05 leads to rejecting the equality hypothesis of vari-
ances σθ′ before the gross-errors elimination (Tables
1 and 3) and to accepting the same hypothesis con-
cerning variances σθ′ after the gross-errors elimina-
tion (Tables 2 and 4).

The final value of the measuring standard is
calculated as the weighted mean after eliminating
RESTAFITs containing gross errors. Its amount is

σθ′ = m̄θ′ = 0 s. 0150 .

Fig. 1. Variance estimate for RESTAFITs depending on declination before gross-errors elimination. The
dashed line presents m2

θ; the solid one presents m2
θ′ .

3
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Fig. 2. Variance estimate for RESTAFITs depending on declination after gross-errors elimination. The
dashed line presents m2

θ; the solid one presents m2
θ′ .

Fig. 3. Variance estimate for RESTAFITs depending on paralactic angle before gross-errors elimination.
The dashed line presents m2

θ; the solid one presents m2
θ′ .
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Fig. 4. Variance estimate for RESTAFITs depending on paralactic angle after gross-errors elimination.
The dashed line presents m2

θ; the solid one presents m2
θ′ .

3. THE CONTROL OF GROSS ERRORS

The gross errors within a RESTAFIT are con-
troled by testing the deviations from the mean value
with known observing standard. Here it is necessary
either to reduce RESTAFITs θj to θ′j which have the
same standard σθ′ or for every star transit to calcu-
late σθ by using the formula

σθ =
σθ′

cos δ sin q
, (3.1)

and then to test the deviations from θ̄j .
Now for a star with, for example, δ = 45o and

q = 60o it would be σθ = 0s.0245.

4. CONCLUSION

By reducing the RESTAFITs θj whose vari-
ances σ2

θs
depend on star declinations δ and paralac-

tic angles q, to the quantities θ′j with the same vari-
ance σ2

θ′ for every star it is possible to evaluate the
variances of registrations of star almucantar transits
on the basis of transit registrations for all stars. In
this way one obtains

σθ′ = 0 s. 0150 with f = 16 047 degrees of freedom.

The testing shows that the given material is
very homogeneous because the total of 19 248 RE-
STAFITs contains only 1597 (about 8%) with gross
errors (for a significance level of 0.05).
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Wende, W.: 1992, Weröff. Bayer. Komm. f.d.
Int. Erdmessung, Astronom.-Geod. Arbeiten,
München, 50, 7-25.

5
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Originalni nauqni rad

U toku 1988. godine na stanicama Min-
hen, Beq i Grac posmatrane su odabrane zvezde
radi odre�ivaǌa razlika longituda. Posma-
traǌa su obavǉena Dan�onovim astrolabom,
po metodi jednakih zenitnih daǉina. U radu
je analizirana preciznost registracije tre-

nutaka 1604 prolaza zvezda kroz dati almukan-
tarat. Prikazana je ocena disperzije regis-
tracije prolaza zvezda kroz fiktivni konac
u zavisnosti od deklinacije i paralaktiqkog
ugla pre i posle eliminacije grubih grexaka.
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