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TEQAAITIKH AXTPONOMIA.— Astronomical determination of the
deviation of the vertical in various areas of Greece.
II: Measurements in Western Macedonia and Peloponnese
during the year 1981, by L. N. Mavridis - A. C. T sioumis -

1. N. Tziavos*. ’Avexowdln dmé 700 *Axadnuaized x. "Twdv. Eav0der.

1. INTRODUCTION

The astronomical determination of the deviation of the vertical in
as many stations of a region as possible could be of considerable importance
among others from the following points of view :

1) For the astrogeodetic geoid determination in the region concerned.

2) For the reduction of the horizontal angle measurements to the
reference ellipsoid.

3) For the adjustment of trigonometric levelling networks with simul-
taneous determination of the value of the coefficient of terrestrial refraction
(Ramsayer, 1979).

The main work in the field of astronomical determination of latitude,
longitude, and azimuth in the area of Greece was carried out by the Hellenic
Army Geographical Service. Thus, until 1979 a total of 90 stations with
astronomical determination of the deviation of the vertical (including 20
Laplace stations) were established by this Service. The complete list of these
stations was published recently by the Hellenic Army Geographical Service
(1983).

In order to increase the number of the stations with astronomical
determination of the deviation of the vertical in Greece, and especially to
achieve a more uniform distribution of these stations all over the country,
a program for the astronomical determination of the deviation of the verti-
cal in various areas of Greece has been initiated by the Department of
Geodetic Astronomy, University of Thessaloniki in 1980. A detailed de-
seription of this program together with the results obtained during the year
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1980 for 5 stations in Central Macedonia have been given in a previous
paper (Mavridis et al., 1983), which will be referred to in the following as
Paper 1.

In the present paper a brief description of the instrumentation (part
2), and the methods used for the determination of latitude and longitude
(parts 3 and 4), as well as for the reduction of the observations (part 5),
together with the results obtained during the year 1981 for the base-station
KRANOS and 3 additional stations in Western Macedonia and Peloponnese

(part 6) are given.
2. INSTRUMENTATION

The astronomical observations were carried out using the universal
theodolite KERN DKM 3-A No. 85582 equipped with the striding level
KERN No. 65870. Details about the calibration of the impersonal microm-
eter of the theodolite and the striding level have been given in Paper I.
The results of the calibration for the year 1981 were as follows :

Impersonal micrometer :

Lost motion: m = —0.010 units of measuring drum division.

Mean width of the contact strips: s = 0.406 units of the measuring drum
division.

Equatorial value of one drum revolution : r = 07063.
Striding level :

Sensitivity: p = 1.””85 £ 0.”7048 per division.

A standard frequency and time system Rohde und Schwarz CAC
was used as the basic unit for time determination. The time correction of
this system was determined with the help of RWM (10 MHz) time signals.
In this way an accuracy of the order of 1 ms could be achieved. For the
registration of the times of transit during field work one chronometer
Chronocord 681, constructed by Littlemore Scientific Engineering Co., which
registers the time in units of 1 ms, was used. The determination of the time
correction and rate of this chronometer was made through comparisons
with the Rohde und Schwarz CAC-system before the beginning and after
the end of each field operation. In order to check the constancy of the rate
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of Chronocord 681 during each field operation, time signals RWM (10 MHz)
were also received in the field, with the help of two standard time and fre-
quency receivers Kinemetrics, type WWVT. As the rate of Chronocord
681 was found constant with time, one should expect that the accuracy
of time registration with this chronometer was the same with that of the
Rohde und Schwarz CAC-system, i.e. of the order of 1 ms.

3. DETERMINATION OF LATITUDE

The determination of latitude was made using the Sterneck method,
i.e. by observing pairs of stars culminating the one north of the zenith and
the other south, at about the same zenith distance. This method has been
described in detail in several textbooks and special publications (Mueller,
1969; Jordan et al., 1970; Miiller, 1973; Sigl, 1975; Sevilla and Nunez, 1979 a;
Tsioumis and Savaidis, 1983).

All stars observed were taken from FK 4. For a single latitude determi-
nation a minimum of four star pairs were observed, while the final latitude
value for each station was based on observations of at least 32 star pairs,
distributed over a period of at least two nights.

A star program was prepared for each observing night. More details
about this program are given in Paper I.

4. DETERMINATION OF LONGITUDE

The determination of longitude was made using a refined version of
the meridian transit times method known as Mayer method, i.e.

1) we determine the local apparent sidereal time by observing the
transit times of stars over the local meridian, and

2) we receive time signals for the determination of the Greenwich
apparent sidereal time and the rate of the chronometer.

This method has been described in detail in several textbooks and
special publications (Mueller, 1969; Jordan et al., 1970; Miiller, 1973; Sigl,
1975; Ollikainen, 1977, 1982; Sevilla and Nunez, 1979 b; Tsioumis and Savai-
dis, 1983).

As mentioned already the universal theodolite KERN DKM 3-A No.
85582 used for the astronomical observations is equipped with an imper-
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sonal micrometer, which makes this instrument specially suited for the
observations of meridian transits of stars.

All stars observed were taken from FK 4. For a single longitude deter-
mination a group with a minimum of six stars was observed. The final longi-
tude value for each station was based on the observation of at least six
star groups distributed over a period of two or more nights.

A star program was prepared for each observing night. More details
about this program are given in Paper I.

5. REDUCTION OF THE OBSERVATIONS

5.1, Star Coordinates

All coordinates of the stars used in this paper are in the FK 4-system.
The computation of the apparent places of the stars observed was made
through interpolation of the values given in the volume Apparent Places
of Fundamental Stars using the electronic computer UNIVAC 1106 of the
University of Thessaloniki and a program in FORTRAN V specially written
for this purpose. More details about this program will be given elsewhere.

5.2. Reduction of Latitude Observations

The latitude ¢ can be computed from the measured zenith distance z
at meridian transit, corrected for refraction, and the apparent declination
3 of a star with the help of the formulae :

@y = O — Zn = 85 + vy — 90° (upper transit north of the zenith), (5.1)
s =8 + 25 =85 + 90° —vs ( » » south » » s (5:2)

where v = 90°—z.

As we have seen in §3 in order to avoid systematic errors due to
refraction and the error of setting the instrument in the meridian (diur-
nal aberration has no effect on the declination, when the star is on the merid-
ian), the stars have been observed in north-south pairs at about the same
altitude. Therefore, the value of latitude corresponding to the observation
of such a pair will be

1 y
?= 5 (ext 99 = 5 (Bs+3x) +

=S

1
(zs — 2x) = 5 (8s+ dn) +

bo

l\D‘b—B Lo\ra

i (ux —vg). (5.3)
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The value of ¢ corresponding to a single latitude determination was
taken equal to the average of the values of ¢ corresponding to all the
star pairs used for this determination. The final value of ¢ for each station
was taken equal to the weighted mean of the values of ¢ corresponding to
all single latitude determinations carried out in this station.

5.3. Reduction of Longitude Observation

The chronograph time (U.T.C.) of each observation was the mean
of approximately 20 - 25 pairs of contact times. This time was corrected
with the help of the chronometer correction and transformed into UT 1
by applying the correction UT 1-UTC given in Circular D of the Bureau
International de I'Heure. UT 1 was further transformed into Greenwich
Apparent Sidereal Time (GAST) in the usual manner.

The longitude correction AA has been computed from the transit obser-
vations using Mayer’s formula properly modified :

AA = o —(GAST + 2+ Aa+ Bb+Ce+ [ 4+Ahp), (5. 4)
where
o is the apparent right ascension of the star observed,

7o 1s an assumed value of the longitude of the
station,

A = sin(p—3) sec & is the azimuth factor,
a is the azimuth setting error (unknown quantity),

B = cos(p—3) sec 3 is the level factor,

b= % (ZW —2E)p is the inclination of the horizontal axis, where

YW and XE are the sums of the readings of the
bubble in east and west telescope position cor-
respondingly and p is the level’s sensitivity,

C =sec & is the collimation factor,

¢ is the collimation error,

r(m-+s)secd is the correction derived from the calibration of

O] =

the impersonal micrometer,

Ahp, = —0%0213 cosg secd is the diurnal aberration.
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Equation (5.4) can be written in the form

AA+ Aa — (a—t) =0, (.

ot
ot
&

where
t = GAST + 2+ Bb+ I+ Ahy,
and Cc i1s eliminated.
Each observed transit yields an observation equation of the form

AA—Ft\;&—(O(;—ti):Ui, (i=1,2,...,n). (56)
Therefore, the system of normal equations has the form

a AL +[Ala —[a=t =0,

[A]JAA +[AA]a— [A (x—t)] = 0. (5.7)

Two solutions were made: one with equal weights and a second one
by giving to each observation equation a weight equal to G = cos?S (Miil-
ler, 1973). Both solutions gave the same results. This should have been
anticipated as our observations were made in moderate latitudes. The solu-
tion with equal weights was finally adopted.

The least squares solution (5.7) was performed for each star group
observed. In this way the value of AA and the corresponding r.m.s. error
based on this star group was found. The corresponding value of the astro-
nomical longitude was then derived with the help of the equation :

A = A+ AA. (5. 8)

The final value of the astronomical longitude for each station was taken
equal to the weighted mean of the values of A corresponding to all star
groups observed at this station.

5.4, Corrections

5.4.1. Correction for Polar Motion.

The values of latitude and longitude thus found for each single deter-
mination refer to the instantaneous pole. These values were reduced to the
mean pole with the help of the formulae :

Ap = — (xcosA —ysind), (5.9)
1 :
A\ = — 15 (xsin2 4 ycos?) tang, (5.10)
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where the coordinates x,y of the instantaneous pole were taken from the
Circulaire B/C of the Bureau International de I’Heure.

5.4.2. Correction for the Curvature of the Plumb Line.

The value of ¢ computed in §5.4.1 refers to the actual observing sta-
tion. In order to reduce this value to the geoid, following correction for
the curvature of the plumb line was applied (Mueller, 1969) :

Ag, = —0."00017 H sin 2¢, (5. 11)

where H is the orthometric height of the station and ¢ denotes either the
geodetic or the observed astronomical latitude.

6. RESULTS

The results for the 4 stations measured during the year 1981 are given
in Table 1. These stations include the base-station KRANOS in Central
Macedonia, two stations (Makrovouni and Vathylakos) in Western Mace-
donia and one station (Agios Nikolaos) in Peloponnese.

In this table the first and second columns give the name and the alti-
tude of each station. The third and fourth columns give the final values
of the astronomical latitude and longitude found in this paper for each
station. These values have been rounded off to the nearest 1’, because of
the security regulations valid in the country. The actual values of these
quantities were computed in units of 0.”001. The fifth and sixth columns
give the r.m.s. error of the final values of the astronomical latitude and
longitude found in this paper. The geodetic latitude and longitude for the
stations observed, referred to ED 1950 (Hayford ellipsoid), were kindly
put at our disposal by the Hellenic Army Geographical Service, also in units
of 0.”7001. In this way the values of the components £ and » of the devia-
tion of the vertical corresponding to each station could be computed and
the results are given in the seventh and eighth columns. The ninth and
tenth columns give the number of stars observed for the determination of
the values of ¢ and A given in columns 3 and 4, and the eleventh column
gives the corresponding period of measurements.
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As mentioned already in § 1 the base-station KRANOS was measured
twice every year, i.e. once before the beginning and once after the end of
the field campaign. The final values of the astronomical latitude and longi-
tude corresponding to these two periods of measurements are given sepa-
rately in Table 1 under the indications KRANOS (a) and KRANOS (b).

From Table 1 following conclusions could be drawn :

1) The r.m.s. errors of the final values of astronomical latitude and
longitude for the stations measured during the year 1981 are contained
between 0.1 and +0.”3.

2) The values of £ and % for the base-station KRANOS found during
the two periods of measurements in the year 1981 are in fairly good
agreement.

3) The values of the components £ and % corresponding to all the
stations measured during the year 1981 are contained correspondingly in
the intervals —21"" and —12" for £ and —18"” and —7"" for =.
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HEPIARYH

‘O aptbpos TV otabudv Yk todg 6moloug Eyet yivel AGTROVOUIXOG TEOG-
Swoptopds THg dmoudiczwg THe xataxopdpov 6th yopex pag slvar woAd Teplopt-
ouévog. g va adfnfel 6 dptbpoc tév oraludy adrdv xal mapdiinie va éme-
teuyfel mepLocbTepo Gpotbpopey xatavoul TéY otalpdv ot 8an TV Extacn Tig
fmepotind ‘Eaddos, 76 *Epyactipio Dewdoitinic *Actpovouing tol HMavermt-
stuion Ozooatovinne yxawtace 76 1980 &va Epeuvnrind mpbypapux pe 6T6)o
7oV doTpovopixd Tpoadloploud TR dmoxhiccwe THG xataxopdou o Eva xata
76 Suvard peyodbrepo dptlud otalpdv of xatddAmhe Emleyuéves TepLOyLs TG
yhoug. Btd mebypappe adtd ol doTpovowixds TapaTyencels éxteclviar ué Eva

Ozodényo KERN DKM 3-A égodurcpéve pi dmpbowmo pixpduetpo xal émt-
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Batuny depootdluy, 6 3¢ mpocdiopiopds el doTpovouikol YewYpapukol wixoug
%ol TAGTOVG YiveTar dvrioTouya pi Tig uedbdous Sterneck xal Mayer. Xtiy napolow
¢pyaoia Sidecrar mpdra pla odvropn meprypagh 7ol Ehov mwpoypdupatos xxl GTY)
ouvéyerr Stdovrar ta EEaybpeva yio 1 orabud othy Kevrpudh Maxedovia (oro-
Oudc KRANOS), mod ypnotpeet oov otafuds dvagopis, 2 orabuods oty Avtixy
MoxeSovia xai 1 otafpd oty [lerombwwnoo mod perpndnray xata to Erog 1981.
Té @.t.0. 700 mpoodioptopol 7660 TOD &oTpovouixod yewypagixol mAdTOug 660
%l ToD &GTPOVORIKOD Yewypapkol wixovs mephauBdvetar yik 6loug ToLg oTA-
Ouole 670 Sdotyua 0.1 péyer £0.”73, oi 8¢ Tipéc TGV cuveTWEEY THG &TO-
wMoswe THe natoxopbooy mwepuauBdvovtar yix pév 1o £ otd Sukermua —217

péypor —12) vie 3¢ 15 0 o076 SukeTnpa —18"7 uéyer —7".
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