Bull. Astron. Belgrada Ne 145 (1992), 125 -~ 130.

UDC 524.3(083.8):521.97
Preliminary report

SYSTEMATIC ERRORS OF SOME PARAMETERS WHICH HAVE BEEN.USED IN
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SUMMARY: The systematic errors of the latitude, corrections-of the refraction
and flexure ~ valyes which: have been applied in' the treatment. of BCAD, are givaen
in. this paper. They have been obtained by comparison of BCAD. and FK35. . It
was found out that the mean systematic errors are:+0%:14, —0% 02..and +0"14
respectively for the mentioned parameters and that there exists significant seasonal
variations of the refraction corrections in winter and flexure in autumn and winter.

1. INTRODUCTION

The analysis of the systematic differences Aé,
and Ad&; of the Belgrade Catalogue of Absolute Decli-
nations (BCAD) related to fundamental catalogues
FK4, FK5, and GC have shown that this catalogue is
overloaded with' systemalic errors typé Aéd, and Ad;
(Mijatov et al. ,1992). It was found that systematic
errors Ads are the result of the existing significant
systematic influences. in. the zones. of 2° of -declina-
tion.. It was .supposed. that these influences are the
result, of the systematic errors in the determination
of corrections to the circle readings. . On the other
hand the systematic errors.in, the values.of refraction
and flexute are also a source of the systéimatic errors
Aéb; 'and ‘Ady. The last ones depend on the errors
‘which have a’seasonal chiradtet. .

~ In‘this ‘pdper’the ‘systemati¢ errors of BCAD
dépénding on the inaccurate determination of lati-
tudeé refraction-and fleXure are analysed.' Determirna-
tioniof rthie: reasons’ for existance of systematic errors
inrthe. gones1bf:2%:0f deslination due o 1ts:charac-

ter related tothe determination of latitude refraction
and flexure;ivnllbe the object of the special analysis.

2. SYSTEMATIC ERRORS RESULTED
FROM INACCURACY OF DETERMINA-
TION OF LATITUDE, REFRACTION AND
FLEXURE

All stars of BCAD are observed by the abso-
lute method in both-culminatidns;on Belgrade Ver-
tical Circle (BVC).

The-zenith distances of the'stars:are calculated
by the following relatiom.

=2 4 p —bsinz + Az’ + Az + ARtanz. (1)

where. are

2! — apparent zenith distance;

p - refraction:

bsin:z-— thefirst member: of the .whole flexure
bsinz 4 b’ sim2z:4....;;- '
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A2 - corrections for systematic differences
Zew — Zwe determined for the zones of 5°;
A7’ - corrections for systematic differences of

zenith distances between the observers determined
also for the zones of 5°:

AR — so - called correction of the refractlon
constant;

Refraction p is calculated according to the
Pulkovo Refraction Tables (fifth edition).

Values b are calculated from the parameters
obtained from analysis of collimator measurements of

this value (Mijatov and Trajkovska, 1989), according
to the relation: '

b=bo+0"04(t — 12.9°C) + A1+ Az + Az (2)

' where the following notation is used:

bo — mean value of b for the mean observation-

temperature during the whole period;
0”7 04(t — 12.9°C) - temperature effect;

A, — dependence of b from the d1ﬂ'erences be-
tween observers; -
. Ag - dependence from the evaluations of mea-
surements of individual values b;
A3z — dependence of diurnal vanatlons of b.
The value AR is determined by the classical

method, together with Ao (the correction of lati-
tude <p0) which is used for determination of the pre-

liminary declinations in upper and lower culmina-
tion.

- The possible influences on z which come from
anomalous refraction p’ sec? z and other terms of flex-

ure are not taken into consideration.
Declinations of stars are calcula.ted accordmg

to the relations:
62 - (51
1 4 a

where the used .notation is as follows:
41,62 — mean declinations obtained from ob-

servations in upper and lower culminations;

a*ﬂ )

£1,€2 ~ accidental errors of 65 and 82;

7 = (ny = 3)(n2 —1)
(ny = 1)(n2 — 3)

ni, no — number of observations 1n upper and

lower culmination.
‘Systematic errors of the determination of lat-

itude, refraction and flexure — the main parameters

in the treatment of BCAD — are the basic cause of
the existance of its systematic errors of the type Ao,

and A&g

Systematic errors in determination of z, which

are the result of an inaccurate correction for refrac-
tion, in this case, could be a consequence of errors

in determination of pure refraction p and negligence
of anomalous refraction. Errors in the determination

(3)

of p are the result of insufficient accuracy of applied
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Hg;

refraction ta.bles as well as the systematic errors in

“the parameters for p, firstly temperature and prea-

sure. Systematic errors which come from p could be
mgnlﬁcantly reduced by the application of correction
ARtan z. However, if determined by applied method
the value A R is not very reliable due to the existance

of additional systematic influences (not only refrac-
tional ones).

Uncalculated effect which originates from an-
omalous refraction can be determined from aerolog-
ical data. As it is known, for the determination of
anomalous refraction, aerological data on the incli-
nations of atmosphenc layers of equal density and
refractional zenith azimuthes of these layers are nec-
essary. In this case the ground layer is dominant,
whilst the influence of the other layers is neglectable

- {Teleki, 1967).

The influené¢é of anomalous refraction in the
determination of z for the meridian observations can

be obtained approximately from the following rela-
tion (Telelu 1967):

Az = By cos Ag In ng sec? z. (4)

The applied notation is:
Bo - mchnatlon of the ground layer;
Ap — azimuth of refractional zenith of this la-

= 1.000276 — index of refraction for A =
0.5753 t = +15°C, P = 760 mm Hg and f = 4 mm

yer,

Value By cos Ag in the relation (4) can approx-

-1111etely be obtained from data for wind velocity and

direction at different heights according to relation

(Zverev, 1946)

A(V sin 6)

ﬁo cos Ag = —0 ! 063 sin 90[8000 T

— V sin 0]
(5)

with _ |
~ latitude of observational point;

V - wind velocity in m/sec;
' — wind direction;

"h —the helght of the layer where V and & were
measured;

A(V sin @) - difference Vo sm 0, — Vi sin 91 for

two neighbouring layers;

Ah - helght difference hy — hy of two neigh-
bouring layers;

Close to the Belglade Observatory, at a dis-

tance of 1.9 km and practically at the same alti-

tude, an Aerological Observatory is situated. At this
Observatory radiosonde measurements are being car-

ried out daily (day and night). These measurements
helped us to obtain necessary data for wind velocity
and direction for ground layer (P = 1000 mbar) and

P = 850 mbar layer. Using mean monthly values
for V and 6 for the period 1976 - 1980, from relation

(5), for ground layer we obtained B cos Ag = +0!9.
The value 40 ° 5 for [y cos Ag of the ground layer was
reached by Teleki, (1967) using data from the same
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fﬁgegglogical Observatory but for the period “1955.-

Using the obtained value for Fy cos Ag we can

get Az — .correction for anomalous refraction Az =

+0”015sec® z. In our case the maximum value for
this effect on Adis A6 =+0707,_.,., -

Systematic errors/in. detérmination of z which

come from flexure, in our case, cait 4ppear because

of the ‘errors .in.the determination:of-term- bsin zy .

e. errors'in determinationof *par-gmehéfsrwyifch take
part ‘in the’ calculatiorr of valué b according to the
relation (2) and negligence of other terms of flexure,

especially b’sin 2z.

It other systematic - influences, including the'
inﬂqence Wthh COme_s‘iifromﬁsystemath FI}’OI’S n 2m

r -
v o

tematic errors’ of declinations of BCAD 'Aé can

comsidered -as the result of systematic errors in:lat-
itude refraction and flexure. After: tlie elirnination:

of anomalous refraction, these influences can be ex-
pressed together in the following way '

a1 ~atan zy — cot 21N Ay
(."d"-}-"':l )A__sor+( a+1 JARS

)Ab = A6 — AS’ (6)

COS Z1 — a sl 21

( a+ 1

with
Ay - error of the adopted latitude ¢;
AR' — inaccuracy in AR;
Ab — error of the mean value b;
CAS = 6BCAD — OFKS o
Ad’ — correction for anomalous refraction
(since ¢ ~ +45° we have taken zo = 90° ~ 21).
. The analysis'has shown that in our -case: due
to the character of the observation program and the
treatment, a significant correlation between :coeffi-
cients by Ay and b’ exists, so by putting b’ into the
expression (6) this systermn would become insufficently
strict. Therefore b’ was missed out. j
In Table 1 values Ay, AR’ and Ab with deter-

mination errors and standard deviation o are given.

Table 1. - -

Agp +0714 30”23
AR’ —(:02" +0.22
Ab +(.18% +0:71
o 40’ 25

Determination accuracy of unknown quanti-
ties 1s small, especially in the case of Ab. Deter-
mination accuracy of Ab i1s approximately 3 tirmes
smaller than determination accuracy of Ay and AR/,
This is the consequence of the use of a large numbegr
of parameters for calculation of b, and not of com-
bining of ‘the’observations in’ upper and ‘lower cul:
mination:gven if they have been carried out in dif-
ferent seasons; Separating Ab for these two ¢ulmina-
tions gave-approximately the same accuracy Ab; and

zone of  declinaticns, are neglected, thén the. g bt
. . 'é-‘

spression - (2) are: b = 40747 by =

-

~Aby as it is the accuracy of Ab. However, if for Aé

mean values for 2° zones:are taken, -the ‘accuracy of
unknown- quantities increases for approximately:2.5
times, which proves that accuracy strongly depends
on ‘errofs-iri determination of cir¢le readings: correc-
tions.

Stnce: the ac¢curacy of unknown: quantities is
small 1t 1s necessary to.considéer the question of théir
reality. ‘ |

The difference of an adopted latitude ¢ which:
was: used in the:treatiment of BCAD!and rhean lati-
tude: ;4 obtained at.Zenith - télescope’of Belgrade
Obserxatory . for..the .observation period of BCAD
(and:-which- was applied for:the: parallel of: Vertical
Circle) is Ap =~ 40" 15. -The value Ay from Table
I approximately corresponds to'this differénce which
proves its reality. On the basis of the proved depen-
dence’ between Ay and b’ and the reality of Ay, it
can be concluded that the second terri of flexire. if
it exists, is'insighificant. .

Concérning the reality of AR, it s difficult
to make sure decision. However, AR’ js the correc-
tion of AR, whichis obtained from the observational
data, it 'can be expected that this correction is small.

Certainly the most important question at this
point, is the reality of Ab, because thée flexure is the
biggest problem of the Vertical Circles. If on the
basis of the previously shown facts one takes that Ay
and AR’ are real as a hipothesis, then Ab should be
also real. L .

‘The mean values of the parameters from ex-
, : +0’69; .
+0"7-02(t — 12.9°C") = —0702; Ay = —-0"16: Ay =

Al applied corrections mcluding a tempera-
ture effeét result in a certain réduction of Ab, so they
can.be considered more or less real. The temperature
coefficient +0* 04 was obtained also at other similar
meridian instruments during flexure examination,

By elimnating the obtained systematic errors
Ap, AR" and Ab from Aé, ithe mean difference A6
has been reduced from 40’05 to 0’/ 02, but’ the ‘ex-

~1sting variations of Aé in the limits of 2° declination

zone hiave still remained, which means that the sys-
tematic influence which causes short - periodic vari-
ations Ab is not eliminated nor reduced. This proves
the previously mentioned staternent that these vari-
ations are the result of systematic errors in determi-
nation.of circle readings: corrections.

3. THE ESTIMATION OF THE SEASONAL
SYSTEMATIC ERRORS WHICH HAVE |
THEIR SOURCE IN THE INACCURACY
OF.THE REFRACTION AND FLEXURE
DETERMINATION o

By the analysis of systematic differences Aé,
of BCAD catalegug and fundamental catalogues FK4
and FK5, (Mijatov et al. 1992) proved that these
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differences are the result of systematic errors which

came from uncalculated seasonal variations of refrac-
tion and flexure.:

In Table 2 the values Ab' In relation to FK5
are given. These values obtained by elimination of

mean (1° declination) Ads from Aé taking into con-

sideration the newly obtained corrections Ay, AR’
and Ab from Table 1. The mean values A, are

given. in 4" zones of right ascension and:in the sea-
sons in which the:stars, which belong to these zones
are observed. The first given season corresponds to

observation in the upper culmination and the second-

one to the lower culmination. For the observation

seagsons have been taken these in which the majority-
of all.observations have been done in the zone. N 1s

the number. of stars in the zone.

As can be seen from Table 2, the va,lues Aé |

are small for the seasonal combination spring - sum-

mer but they are significant for the combinations

summer - winter. and spring - autumn. For the pur-
pose of approximate estimation of the refraction and

flexure influence on the seasonal variations Ada, AR"

(refraction influence) and Ab; and Ab; (flexure influ-
ence for the observations in upper and lower culmi-
nations) have been determined according to formula:

atan z; — cotz © asin 2y

- AR —
( a-+ 1 JAR a+1 Abi+
00521
Ab --A — A -
a+1 % = 4 (:7)

where 'Aé' i1s correction .for the seasonal influence
wh}ch .comes. from anomalous refraction. The values
A& are determined from differences of seasonal pa-

' rameters B cos Ag a,nd the correspondmg mean value

0’9, which are —0/3, =012, 40’1 and +0° 4 re-

spcctwely for seasons spring, summer, autumn and

wmter
In Table 3 the value AR" Aby, Ab, and stan-

dard. deviation o which are obtained by the me-

thod of least square from expression (7) for 4" zones
of right ascension are given.

- Mean wieght values’AR", Ab;, Ab; from Ta-
ble 3 are 0” 00, —0’11-and 0" 02 respectively. The

values AR" and
A(Ab) = 2(Ah + Abs) can be cosidered as correc-

tions of systematlc errors AR’ and Ab, so according
to this, AR’ is well determined and Ab requires cor-
rection of —0'/ 04.

Table 2
e - Abq SEASONS . N
oh — 4h +0”7024+0703  SUMMER - SPRIN 38
4-8 +0717+£0704  WINTER - SUMMET} 38
8 - 12 o" 014 0”04 SPRING - SUMMER | 39
12 - 16 + 0" 080703  SPRING - AUTUMN.. 40
16 - 20 ~0”09+ 0”03 SUMMER - WINTER 41
20224 ~0"03+0"03 SUMMER - SPRING 40
Table 3. |
a AR Ab, Ab o
oh — 4h +0" 18+ 023 +0"05 %+ 0% 32 +030 + 0" 47 +0" 20
4-°8 | 0”24:[:0”18 ~0"77+£0"23 T0734.% 0734 40" 22
8 -~ 12 20”03 £0"16 07200720  —=0"17+0%30 +0" 21
12 - 16 407224 0" 22 +0731+0"26 +078 £ 0" 42 +0" 23
16 - 20 ~0721+0"18 7007 £ 07 24 —~0"50+0"37 +0" 21
20 - 24 +0"708+0"13 +0"02 £ 0”20 +0705+ 0" 26 +0" 21
Table 4.
SEASONS ,
PARAMETERS SPRING SUMMER ___AUTUMN __ WINTER __MEAN
Ay ~0"12 ~0"15 —~0417 ~0"21 -016
Ay 0" 00 . 0”00 -0+ 06 -0 02 ~0" 02
Ag +0" 04 +0"03 0”16 +0" 02 -0 02
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Concerning the reality of values AR" it is imip-
posible to give a reliable answer. According to Table
J they are +0" 08, 0" 22 and —0"/ 22 respectively for
the combinations spring - summer, spring - autumn
and summer - winter. If one takes into consideration
values AR = 40”14, AR’ = —0"02 and AR from
the mentioned seasonal combinations, then the sea-
sonal parameters, which ought to be used while treat-
ing BCAD instead AR, amount for +0” 08, —0" 06
and +0' 38 respectively for mentioned order of com-
binations. As it can be seen, the correction which
had to be applied for combination summer - winter
‘especially is significant. This shows a possible exis-
tance of certain influence in the winter period which
affects significant systematic errors in refraction de-
termination; Additionalexaminations; ave: needed to
fﬁncti out about existance and character of these ef-
ects.

Concerning the reality of Ab; and Ab, it can
be considered that they are; mare gt dess, real. A sat-
1sfactory agreement between thesé values for different
seasons proves this statement. Systematic errors Ad
calculated from Ab; and, Aby.are +071k 0”10,
+0" 78 and —0" 64 respectively for spring, summer,
autumn and winter. Mean seasonal values Ab”, whi-

ch represent systematic errors b can be obtained from.

values Abd = 0”14 and AV for the seasons. These
values are +0'25, 40”704, +0’92 and —0” 50 re-

spectively for spring, summer, autumn anc‘i,_,g winter.
As 1t can be seen the most accurate are applied val-
ues b from the expresion (2) for summer and sig-

nificantly inaccurate are the values for. the autumn
season.

THE TREATMENT OF BELGRADE CATALOGUE OF ‘ABSOLUT E-DECLINATIONS (BCAD)

4. CONCLUSION

- The given analysis showed the existance of sig-
nificant systematic errors of the values v, AR and
b which have been applied during the treatiment of
BCAD. Significant seasonal variations of AR and b
exist and they are the source for errors in determi-
nation of declination type Aé,. - o -

- The systematic error Ay is the consequence of
inaccuracy in determination of ¢ by classical method.

"This error, because of the existance of accidental er-
rors €1 and €2 1n calculations of §, was not eliminated

even at equal number of observations (n; and n,) in
upper and lower culmination, and had a significant

role.in é—he.,.fqrma,tion of errors of type Ads.
Systematic errors AR have priinary $easonal

¢haracter :anwlare. specially significant in the winter

period. These errors generally affected errors A6, .

Systematic errors Ab and Ab’ showed that at

BVC, .there exists also. a 0 - called, uneliminated

flexure, which 1s very significant at all instruments
of this type, except at Pulkovo Vertical Circle. To-

.gether with-theerzor Ab = 0/ 14 which affected er-

rors Ads, significant variations of flexure in autumn
and winter periods exist and they caused errors type

Ay
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IIpemxodno caonwmerse

- Y oBOM pajy Cy JaTe CUCTEMATCKE rpcmxc npu-
MEHEHNX BPEOHOCTH rcorpacpcrce WIPHHE, MOTpaBKe

KOHCTaHTe pedpakiyje M caBUjama ca KojuMa je Bpili-

¢Ha ofpaga beorpanckor karajora arncojlyTHUX IOCK-
auHaumja (BCAD). OBe cHCTEMATCKE IpellKe Cy OX-

pehexe ynopchMBamcM BCAD ca (yHIaMCHTaHUM
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katanoroM FKS. KoHcTaHTOBaHO je a Cpelie CUC-

TeMaTcKe rpeiike msHoce +0''14, —0702 u +0" 14
PECIIEKTUBHO 33 HAaBEICHE napame'rpc M Ra 10CToje
3HaTHE CE30HCKE NMPOMCEHE TIONpaBKe KOHCTAHTE pe-
dpakuuje y 3MMCKOM U CaByjarba y JCCCI-BcM U 3UM-

CKOM Iiepuony.



