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CORRECTIONS FOR LINE-OF-SIGHT VELOCITIES ON ACCOUNT OF
DAILY ROTATION AND ANNUAL REVOLUTION OF THE ELRTH
DURING SOIAR OBSERVATIONS *

Vestnik Leningradskogo Universiteta by F. Kh. Salman-zade
Seriya Matematiki, Mekhaniki i ‘stronomii

No. 1, vypusk 1, 166 =171,

LENINGRAD, 1966.

SUMMARY

The question of line~of-sight velocity corrections for the relative
motion of the observer is considered here with more detail than in preceding
works. The author has recourse to a more rational scheme for their calcula-
tion, which is thus proposed for practical purposes. An exxample of complete
calcuilations is given for a sincle case,

*

It is well known that the measured shifts ol spectral lines on
neratives revresent only the reflection of heavenly body's line-of-sight
velocity relative to observer. In order to bring the measured spectral
line shifts to Sun, in particular, it is necessary to free them from the
influence of observer's motion relative to the Sun by way of introduction
of corresvonding corrections to the measured line-of-sight velocities.

L series of works have becen spotted in the AC oI the Leningrad
university, concerned with the study of the shift of Fraunhofer lines in
the s~lar swectrum. But it was found that in order to speed up the compu-
tztions there arose the necessity of a more rational scheme., This is pre-
cisely the object of the present work, which, aron; other things, provoses
a practical scheme for the computatiorn of corrections of linv-of-sizht velo-

cities. (See [11]).

* 0 POPR/.VKAKH LUCHEVYKH SEOROSTEY Z.i 3CEET SUTOCHIOGO VR .SICALNIYA I
GODICENOGO OBRASHCHINIA ZEMLI PRI NABLYUDESNIYAKH SOLNTSA.



If V is the true line-of-sight velocity at any point Q on the

Sun's surface (Fig. 1), we have
V=1V*s4+ Cy— Co — 4.

Here V* is the measured line-of-sight velocity, Cj is the projec-
tion of observer's motion velocity on a line, linking him with the observed
point @ on the solar disk at time of observation, Co is the projection of
observer's motion velocity on a line, linking him with the point — the
visible center of the image — at the noment of time of solar disk's center
observation, 8, is the limb effect*.

The motion of the observer relative to Sun is cetermined by two parts:
the first is conditioned by the daily rotation of the Zarth and the second —
hy the annual revolution of the Sun around the Zarth. Let us pause at these

two corrections.

1. - The correction for the dzily rotation of the Zarth, expressed

in km/sec and added to the ohserved velocity, is given by the expressions

! 2= 5 ¢’ ~ . P N
o ig(:—lcé%"— cosasinfl - 0.2334cososin// {for the AO of 1GU) )

Here @' ic the heliocentrical latitude of the observer, r i= the
distance from the observer to the center of the Earth, taking into account
bkis location above sea level (expressed in km). If the latter's height is

g, we have

roery-h, ()
where r, is the distonee frox the point at sea level to the center of the
Earth. The value of r, is found from the expression @

r, = @ (0.998320 4- 0.001684 cos 22 — 0.000004 cos 47). 4)
In formulz (&) @& is the eguatorial radius of the sorth expressed
in ¥m, ¢ is the georravhical latitude of the place of observation; as to ',
entering in (2), it is determined from the evpreszion:

of = o - 695.65 sin 29 4 17,17 sin 4. (5)

In formula 2t 1) the quantity 86164,1 is the number of mean solar

seconds in sidereal days; 2) § is the visible declination of the point Q

* By 1iub effect we understand the difierence in the position of speciral
lines on the limb and at Sun's center.




at time of observation; 3) H=s-— @ is the hour angle; 4)a« - is the
visible right ascension of the point Q at the moment of ob:ervationg
5) s is the mean sidereal time.

Note that § and o, determined
relative to the true equator andeguinox,
are found by adding corrections A& and
AS  to t

o T
v ~ v

4d

tus of the center of the solar disk, &,
and So; these corrections are pgiven by

the correlations:

Az ~ --hcos Y secd,, 6)
- . (6)
Ag ~bsin, S

Fig. 1

Here ¥ is the position angle of
the point Q, measured from the west end of the daily parallel (Fi;.1), ©
is the angle formed by rays linking the observer with tlie voints § and the
visible center of Sun's image 0. If P is the distance from Q@ to the cen-
ter of Sun's imoge, PO is the radius of Sun's imape and S is the anpular
radius of the Sun, we have

0 z(i—) S.

ta

It shoulc be noted, that when the Sun's height is less than 30°,
account should be taken ol tie differential refraction when determining [4
and 6.

For a fixed place Q' is coastant so that the correction C'l, which
“as a maxium value of * 0,46km/sec, can be tabulated for every day by the

arrunents S and H.

2. - The correction, expressed in km/sec, for the orbital rotation
of thes Zarth, which must also be added to the observed velocity, is, accordiar
to F. Sclesinger [2], riven by the expression :

Ci- — 1732,34(AX cos ¥ cosa’' -} AY cos &' sin o' + AZ sin '), N

Jinye I, Yy Z are the meocentrical rectansulgar ecuatoiizl coordina-

tes of tae center of the lun, determined relative to mean cecountor and ecuinox



4,

and related to a certain evoch, for example in the case of interest to us,
to the year 19637, AX, AY, AZ -r~ the velocity components of this motion, inter-
polated to the moment o. obuervaiion respectively in the directions: 1) paral-
lel to the eguincotial line, 2) parallel to the ecuatorial plane, 3) pcrpen-
dicular to the egquatorial plane.

A1l these six quantities are tabulated in the Astrononiecal Yearbook
for every day at 00 00 hours evhemeris time., @' and 3' in formula (7) are
the ecuatorial coordinates of the point of observation, Zetermined relative
the same cnuator and equinox as X, Y, Z.

feccording to [1], we have for the center of thc Sun:
g oy = 5, sindg = Z, ®)
The corresnonding equatorinl coordinates &' and 8' of the point Q
are found by adding the quantities
Ao’ = — Ocos ¥ sec By (6')
AV = 0sin
to the visible eguatorial coordinates oi the center of the Sun a'y and 52
at time of observation of the point Q.
Takiny into account the above-said, the correction in km/sec for
the motion velocity component of the observer along the wvisual ray to the

paint § will have the form

Ci— Gk € — — 0 o3 sin H— 1732,34(AX cos ¥ cos o' +-
+ AV.osi sina’+AZsind'), 9)

LA

The correction Cp iz thu =2 recssicn (1) for obscrver's notion along
the line linking him with tle point O (at the time of observation of the disk's
center) is found by substituting into formula (9) the res—ective ecuatorial
cooriinntes of the Sun's center and of the auantities AX, AY, AZ &t the time

when the Sun's spectrum is observed,

Summarizine the above-expounded metiiod of doternination of the correc-
tion for observer's motion velocity convonent alons the visual ray toward
the voint of observation, we nay reduce it to the perforains of the following

operations:




5.

l.-a, and So of the center of Sun's disk are interpolated to the
monents of time of observations *.

2.~ The position angle ¥ of the point of observation on the Sun's
disk is measured (for the points of the eastern and western ends of the egua-
tor the ancle is respectively equal to 1800+ P and P, where P is the po-
sition angle of the Sun's rotation axis, computed from the northern meridian
point).

3.~ The corrections Aaand A§ are computed by formulas (6).

4.- The equatorial coordinates a and & of the observation point
are obtained by adding A« and A§ to the above-obtained values of 0(0 and

$o.

Se~ The sidereal time s is determined for every moment of time of
observati'on, and then the hour angles H = s — @ of the observed points on
the Sun's disk at that moment.

6.- r and ¢' are determined fro:x the expressions (3)y, (&), (B).

7.- Finclly the value of

2ar cos g
S6164,1 0
Leinr constant for the place of observation, is comruted,
Be= ifter finding the recpective trigonometric functions of § and H
enterinr into formulz (2), we compute the correction C'l .
9.~ From the istronomical Yeartook we write the coordinates X, Y, 2
and their first differences AX, AY, D7, on the day oI observation at 0000
hours enhemeris time; then tlhese aquantities are interpolated to the times of
observations of the Sun's disk points.
10. - By formulas (C) we determine ad and S'o.
11.- By formulas (6) we determine Ax' and A$§' and then by adding them
to the abvove~obtained values of d'o and 5'0, we find o' and §'.
1Z,~ Upon finding the respective trigonometric functions of «' and &'
enterins into formula (7), we compute the correction C"]_.
13.- The final correction Cj, being the sum of C'; and €'}, is then
determined,
| 14,- Finally the correction Co is determined by substitution of the
corrczponcing equatorial coordinates of Sun's center (7, %, , %) 2nd of the
quantities AX, AY, AZ into formula (9) at the momcnt of time when the

srectrum of the Sun's center is observed (for the study of shifts).
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The curves of Cy variation for the eastern and western ends of
the equator and northern and southern ends of the poles of the Sun are
plotted in Fig.2 as a function of observation time, which in the given
case correspond to 4 and 10 October 1963. As may be seen from the drawing,
the curves 1 and 2 shifted little relative to one another within the limits
of six days, and that is why the values of Cj (and even of C,) for the in-
termediate days are found by interpolation.

In realiti correction for the motion of the center of gravity of
the system Larth-lioon should be effected. However, this correction is small
ané is disregarded in this cazase.

In conclusion, we present, as an example, 2 complete calculation
of two indicated corrections for the eastern end of the equator on 4 October
1963, using the scheme proposed by us, which is practical for calculztions

(see Tables 1 and 2).

«x%x THF END 4%«

TABLE 1
M oh ol 1ot 1ah
s 9104m50°3 12205 19°9 15h05m49%4 1 18hoem1YS0
—40133'5 40772773 et | <4
Y -07°0472 —07et Somo2 L —o70a
3 — 1177 — 113 CanrEes L —a20m9
o 12037m49°3 121381771 pagmL3 1203916
7 e +57% 187% LA +57%5
a 12138473 1239 1 476 12139m i 1% 12840m0u5]
H 20M26m0350 UAMO53 02026m07%6 03"26m0Y*9
“in /1 —0.8037 0.1173 +0.5953 +0.9891
cosd +0.9973 +0.84973 -10.9972 +09971 .
cos b sin M —0.8015 --0.1169 -+0.5936 -1-0.9862
C{ nagse ) 40187 40031 --0.138 0.2::0
L

’
oo/ oo




. TABLE 2
M W g 1o b
X —0.9842070 | 0983 7858 —0.983 3601 —0.982 11298
Y - 0.163 9537 0.165 8867 —0.167 8190 —0.169 7506
z —0.0711015 | —0071 9398 —0072 7777 —3.0736153
3 10383 | 407315 —4 10248 —413'1870
+ aw 07°04.2 —07°0472 - 07°04°2 --07°042
W —4°1425 | 47143507 —4'17"2970 —4 2072272
IgY 12146 1.2198 1.2248 1.2297
Cigx 1.9931 1.9929 19927 1.9925
Igtga, 1.2215 1.2269 1.2321 1.2372
ay 12737m495] 12h38m17%0 12h38m4470 12539m1 150
F o +57% +57% +57% ~-57%
«’ 12138m4656 12039m1455 12039m41%5 12040m08%5
. sina’ —0.1683 —0.1704 —0.1723 01742
cosa’ —0.9857 —0.9854 —0.9851 —0.9847
a=sin¥d —0.0731 —0.0740 —0.0748 _.0.0757
cos &’ +0.9973 409973 +0.9972 +0.9971
b=cosd cosa’ | —0.9830 —0.9827 —0.9823 -0.9818
c=c0sd’ sina’ —0.1678 —0.1699 —0.1718 —0.1737
AX ;00033518 | 00033879 -+0.003 4240 -+0.003 4611
AY ~—0.0154675 | —0.0154614 —0.015 4553 —0.015 4412
AZ —0.0067073 | —0.006 7047 —0.006 7020 —0.006 6993
L AKX ~-0.003 2948 —0.003 3293 —0.003 3634 —0.003 3971
L AY-¢c +0.0025954 | 00026269 -+0.002 6552 ~-1-0.002 6835
" AZ-a +0.0004903 | "+0.000 4961 -{-0.000 2013 +40.000 5071
b —0.000 2091 | _0.000 2063 —0.000 2069 —0.000 2065
Cp (kAtfsec ) +0.362 -+-0.357 +-0.358 +0.358
Cy (katfsz) . 0.549 +0.391 -4-0.220 +0.128

REF . RSNCES

{1].- H. H, PLASKETT., M, N, 112, /14, 1952,
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