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The relationship between the optical results of light beaffedtion from the disk of the
Sun @¢) obtained during observations of the total solar eclipfesn 1919 till 1973,
and the evection, the major perturbation from the Sun, bas¢de theory of the Moon’s
motion, is analysed. The dependencé@fupon the temporal changes of the evection
was found. The expectath optical results for the total solar eclipses, for the period
from 22.09.2003 till 29.12.2103, were calculated. Basedhencomparison of calcu-
lated evection values with fluctuations of intensity of sakdiation within 603-607
nm range obtained through the spectral observations on is@ation in Antarctica,
the modulatory role of the evection in deflecting the lighhmeat the near-Earth space
was concluded.

Optical measurements of the star beam deflection from the 25.02.1952: (1.70, 1.82),
Sun disk were pgrformed by a number of. researchers during  02.10.1959: (2.17),

the total solar ecllpseg, from 29.05.1919till 30//.06.1%3] 30.06.1973: (1.66).

the purpose of checking th# angle value (I75”) obtained ] i
by Einstein, following his development of the General The- Qbservatlons referrlng_to the date 19.06.1936 should be
ory of Relativity (GTR) [1]. In case the radio measuremeng®nsidered as ikectual, since the absolute vglue error ex-
only are considered in the practical estimates of the Eimste®€ds 200%. To date, the list of known errors includes:
effect, 6 values match with the theory within 1% range [2]. — Deviation of the Sun’s shape from the sphericity,
For example, an average value 0f3’(+0.07") was obtained 9.2"x107%;

in radar measurements of Mercury, Venus_ and Mgr;, whereas_ The Earth’s motion along the ecliptic.@8’+1072);
measurements of quasars and pulsars using raqllo intedferom Beam refraction in the atmosphere of the Su6Q@’);
etry produced an estimate of78’(+0.08). Deflection of the ) ) ] )

beam from the Sun disk is described by the equation: — Refraction and dispersion in the Earth atmosphere

(0.017-0.1");
Sp = _&MZ@ , 1) — Offset of the observer from the Sun-Moon-Earth line;
RoC — The influence of the gravitational field of the Moon and
where the “minus” sign corresponds to the deflection of the the Earth during the total eclipse event, by an addition
beam to the center of the SuB; = 6.67-10°* Hxm?/kg? is to the relativistic beam deflection.@~104);
the gravitational constanil, = 1.99-10°° kg is the mass of __ \wavelength dependence of the light bean¥(210-%):;

the Sun;c = 310 nys is the speed of lighR, = 6.96-10°
m is the radius of the Sun.
Based on the optical observations of the eight total so

— Dependence on solar activity;
— Astroclimatic characteristics of a particular observati

lar eclipses, the author’s average result together withnéi-co station;
dence interval of measurements mafgs- 1.83+ 0.40,and  — Additive error caused by inaccurate scale matching be-
the recalculated measurement resuftis= 2.0+0.13, which, tween the day and night astroimageg).

in view of the low accuracy and the considerable spread of |t should be noted that through the historysgfmeasure-
measurements, is consistent with the GTR. According to #nts the list of errors has expanded considerably; however
published data [3-10], the resultsdf optical measurementsthe accuracy of estimates is not yet improved. Summing the
for the total solar eclipses observed from 19109 till 1973eveyalues of all the errors, the magnitude of the total coreecti

as follows: is apparently insignificant. Therefore, dispersiodgfesults
29.05.1919: (1.98,0.93, 1.61), is probably due to the influence of some unknown factors.
21.09.1922: (1.42, 1.75, 2.16, 1.72, 1.83, 1.77), The major solar-induced disturbances are described by

] terms in the formula of the geocentric ecliptic longitude of
09.05.1929: (2.24), the Moon [11, 12]. Full description of this formula includes

19.06.1936: (2.73, 2.13, 1.28), 1,500 terms [13], where evection, variation and annual in-
20.05.1947: (2.01), equality are the most important. When limited to the largest
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Fig. 1: Comparison of the evection angle values with theltesti optical measurements taken as average
values and excluding errors for the dates of the total salgrses, 1919-1973.

in amplitude terms, the formula is as follows: moon and full moon), this term is subtracted from the senior
_ _ term of the equation (3), and it is added in quadrature. @urin
A=L+6.289Fsinl - 1.274 sin(l - 2D) + the new moon and full moon[2 = 0°, or 360 (3), which is
+0.658 sin2 + 0.214 sin2 — the same in the context of trigonometric functions. In thet fir
—0.186°sinl’ — 0.114 sin 2F ) and last quarterd) = 9C°, or 270 (4). So, the known man-

ifestations of the evection in the near-Earth space metil/at
whereL is the mean longitude (void of the periodic distutthe studies of its contribution to the resultssgfassessments
bances) of the Moon in the orbit, D, I’, F are the main obtained during observations of the total solar eclipsesnf
arguments in the lunar theory. 19191ill 1973.

In the first five inequalities of the formula (2), the terms  Theevection values were calculated upon the Julian dates
bearing cofiicients 6.289 and 0.214 are determined by &f the total solar eclipses. Fig. 1 shows a comparison of
lipticity of unperturbed (Keplerian) orbit, whereas thens the evection angle values with the results of optical messur
with coeficients 1.274 (evection, 31.8 days), 0.658 (varifents taken as average values and excluding errors for the
tion, 14.8 days) and 0.186 (annual inequality, 186.2 days) dates of the total solar eclipses. Anomalous resulés'0
caused by gravitational perturbations from the Sun. The §2919) and 2.73(1936) were omitted from the calculations
riods of these inequalities, according to the theory of orotiof average values, as they fell outside the range of average
of the Moon, exist in the short-period nutation of the Earthresult and the confidence interval of all measurements.
axis, as well [14]. In this paper we consider the contributio Fig. 2 shows the distribution of dependency of optical
of the evection, the main and the |argest in amp"tude p,ert[ﬁsults from the evection. Continuous curve, which inctude
bation from the Sun, as the most significant deviation of tRe93’ (1919) and 2.73 (1936) values, represents averaging
true motion of the Moon from its motion defined by Kepler'f results depending on the evection and is described as:
Iaws.. Evection was discovered by Ptolemy (2A_D) when ob- 56(M) = 1.7227+ 0.2058x + 0.3163x%2. 5)
serving the Moon in the 1st and 3rd quarters (in quadrature
points). The physical explanation of the evection was devel The dotted curve, which excludes 0793919) and 2.73
oped by Newton. Evection can be represented adfardi (1936) values, represents averaging of results depending o
ence in the equation of the center [13] generated by the tata evection and is described as follows:

1.27# sin(l — 2D):

5¢(E) = 1.723+ 0.316X2. (6)
& = 5.02 sinl + 0214 sin2, ®) As demonstrated in the Figurép(M) has a lower left-
e, = 7.56 sinl + 0.214 sin 2. 4) hand shift againséy(E) characterized by the term 0.20%8

(5), due to the low values obtained during the observations
This dfect is determined by the gravitational influence of thef 1919 ¢ = 0.93”) and 1936 §¢ = 1.28”). Accord-
Sun to the Moon. In syzygial points of the lunar orbit (neimg to 6¢(E) distribution in Fig. 2, deflection of beams in
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3.0

. Eclipses 6p(E) | Eclipses 6¢(E) | Eclipses 6¢(E)

b ugipoibyvror il 23.11.2003| 1.75 | 26.12.2038| 2.02 | 03.08.2073| 2.11
e 08.04.2005| 2.24 | 21.06.2039| 1.82 | 27.01.2074] 2.23
8 03.10.2005| 2.09 | 15.12.2039| 1.72 | 24.07.2074] 2.13
g 29.03.2006| 1.89 | 30.04.2041| 2.23 | 16.01.2075| 2.03
£ 22.09.2006| 1.74 | 25.10.2041| 2.01 | 13.07.2075| 1.76
2 '8 07.02.2008| 2.22 | 20.04.2042| 1.81 | 06.01.2076] 1.73
5 18 01.08.2008| 2.16 | 14.10.2042| 1.72 | 22.05.2077| 2.19
Iy 26.01.2009| 1.88 | 28.02.2044 2.22 | 15.11.2077| 2.02

22.07.2009| 1.74 | 23.08.2044| 2.09 | 11.05.2078| 1.83
15.01.2010| 1.75 | 16.02.2045| 1.89 | 04.11.2078| 1.72
11.07.2010| 1.9 12.08.2045| 1.74 01.05.2079| 1.86
20.05.2012| 1.78 05.02.2046| 1.74 24.10.2079| 1.96
13.11.2012| 1.72 | 02.08.2046| 1.98 | 10.03.2081| 1.82
Fig. 2: Distribution ofée values according to thevection values, 10.05.2013| 1.91 | 11.06.2048| 1.74 | 03.09.2081| 1.72
1919-1973:6¢(M) averaged optical results dependent on the evet-03.11.2013| 2.11 | 05.12.2048] 1.75 | 27.02.2082| 1.79
tion, 0.93' (1919) and 2.73(1936) values includedp(E) averaged [ 59 032016] 1.92 | 31.052049| 1.89 | 24.08.2082| 2.07
optical results dependent on the evection, 0.6319) and 2.73
(1936) values excluded.

1.0 1919

=6 3oy, I +SD

8
14 12 -10 -08 06 -04 -02 00 02 04 06 08 10 12 14
Evection 1.27sin(I-2D)

01.09.2016| 2.02 25.11.2049| 2.17 03.07.2084| 1.72
26.02.2017| 2.23 20.05.2050| 2.22 27.12.2084| 1.79
21.08.2017| 2.23 30.03.2052| 1.91 22.06.2085| 1.98
02.07.2019| 2.03 22.09.2052| 2.01 16.12.2085| 2.16
26.12.2019| 2.2 20.03.2053| 2.23 11.06.2086| 2.24
21.06.2020( 2.18 12.09.2053| 2.2 21.04.2088| 1.99
14.12.2020| 2.11 24.07.2055| 2.11 14.10.2088| 2.09
10.06.2021| 1.82 16.01.2056| 2.19 10.04.2089| 2.24
04.12.2021| 1.72 12.07.2056| 2.19 04.10.2089| 2.14
20.04.2023| 2.22 05.01.2057| 2.02 23.09.2090| 1.77
ifh4-10.2023| 2.1 01.07.2057| 1.83 15.08.2091| 2.18
08.04.2024| 1.89 26.12.2057| 1.73 07.02.2092| 2.23
02.10.2024| 1.75 11.05.2059| 2.23 03.08.2092| 2.13

the evection extremes:{.274°) should correspond téy ~
2.25+10%, and t&S¢ ~ 1.72 in case of 0, i.e., conform to the
Einstein result. Using the expression (6), the expeégedhl-
ues calculated for optical observations at the dates obtiaé t
solar eclipse, from 23.11.2003 till 29.12.2103, are prasin
in Table 1.

Along with the deviations in the motion of the Moon from
the Keplerian orbit and the short-period nutation of thetlEar
axis, the evection mechanism is detected in spectral ze
observations of the atmosphere at Novolazarevskayarstal
(Antarctica). These observations are aimed to investitate
fluctuations of energy and intensity of scattered solar UV ra 17:02:2026| 2.22 | 05.11.2059| 2.01 | 27.01.2093| 1.94
diation under the 11-year SA cycle. Measurements of flug-12.08.2026| 2.17 | 30.04.2060| 1.82 | 23.07.2093| 1.77
tuations are recorded in the following ranges: 303-305 nin96.02.2027| 1.88 | 24.10.2060| 1.72 | 16.01.2094| 1.73
331-332.5 nm, 329.5-334 nm, 336-345 nm, 297-307 nﬂ92.08.2027 1.74 20.04.2061| 1.86 02.06.2095| 2.19
321-331 nm, 297-330 nm, and 603-607 nm, during the p026.01.2028| 1.74 | 13.10.2061| 1.96 | 27.11.2095| 1.93
lar summer (September — February). Detailed description|0£2.07.2028| 1.99 | 28.02.2063| 1.81 | 22.05.2096| 1.76
the methodology of observations is cited in [15]. 01.06.2030| 1.74 | 24.08.2063| 1.72 | 15.11.2096| 1.73

To test the influence of the evection factor on variations25.11.2030| 1.75 | 17.02.2064| 1.79 | 11.05.2097| 1.85
of the light flux, fluctuations measurements in the range 0f21.05.2031| 1.9 12.08.2064| 1.98 | 04.11.2097| 2.05
603-607 nm (as the most proximate band to the central pp4.11.2031| 2.1 22.06.2066| 1.74 | 21.03.2099| 1.82
of the solar spectrum) were selected from the available se$9.05.2032| 2.23 | 17.12.2066| 1.8 14.09.2099| 1.72
of registered channels. Based on the observations during thso.03.2033| 1.78 | 11.06.2067| 1.89 | 10.03.2100| 1.78
polar summer 2007—-2008 and 2008-2009, data analysis| @f.03.2034| 1.91 | 06.12.2067| 2.17 | 04.09.2100| 2.06
the intensity channel was performed, in average daily stan12.09.2034] 2.02 | 31.05.2068| 2.24 | 28.02.2101| 2.21
dard deviation (SD) units, to build the time series and FﬂBVi 09.03.2035| 2.23 11.04.2070| 2 15.07.2102| 1.72
temporal comparison with the calculated values of the eveCp, 992035 219 | 04.10.2070| 2.1 08.01.2103] 1.79
tion. Figs. 3 and 4 show the distribution pattern of SD valu€S3 075037 2.12 | 31.03.2071| 2.23 | 04.07.2103| 1.97
(603-607 nm), to be compared with the evection changes.[ =1 2038 219 | 23.002071] 2.2 2912.2103| 2.22

The figures show a reasonably good phase and periotig; 57 20381 2.19 | 12.09.2072| 1.77
matching between the SD (603—607 nm) dynamics and the
evection changes during the polar summer of 2007-2008ble 1: Expectedsy results for the total solar eclipses, from
However, Fig. 4 shows the broken phase matching at certa®i11.2003 till 12.29.2103.
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Fig. 3: Comparison of temporal changes in the evection aadatkerage daily standard deviation (SD)
of radiation intensity in the 603-607 nm (9 pt. mov. aver.yhge, for the period from 01.09.2007 till

28.02.2008.

1.5 T . 0.60

1.0}, 1 0.55
® 05f 050 £
o N~
2 3
2 0.45 E
g 0.0 c
= ™
3 8
w .05 0.40 o
n

1.0} 1 0.35

15 . ! . 0.30

1 33 65 97 129 161
Serial number of the day (01.09.2008- 28.02.2009)

Fig. 4. Comparison of temporal changes in the evection aacatterage daily standard deviation (SD)
of radiation intensity in the 603-607 nm (9 pt. mov. aver.yhge, for the period from 01.09.2008 till
28.02.2009.

extended sections. In our view, such failures may be related In a brief discussion of relationship betwe&pn and the

to the SA stages. Among the above errdis,dependence evection, previously disregarded in research practice; a 3
from SA and astroclimatic characteristics of observatian sbody Einstein model should be mentioned, which considers
tions remain understudied. Astroclimatic characteristice the Earth and the Moon as point-like objects. This model is
determined by the weather conditions and optical propertisndeniable in the evaluation of mass gravitation of thetizart

of the atmosphere and both are connected with the SA maieon and the Sun. The major solar disturbances cause devi-
festations. Although the mechanism of Sfeets on the sur- ation from the Keplerian orbit of the Moon motion and, at the
face layer of the atmosphere remains unclear to date, this ceame time, deviations in the Earth axis in the short-peried n
nection is revealed by the long-term observations of weatla&tion (31.8 and 14.8 days), provide periodic gravitatioma
services. fluence on the Earth—Moon system. Obviously, this influence
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is manifested in the Einsteinffect through the modulation

property of optical beams.

Conclusions

— The values oby optical results reveal statistical corre-

lation with the temporal change of the evection;

— In the evection extreme point&1.274), deflection of

optical beams from the solar disk is expected to ap-

proachsy ~ 2.25+ 10%;

— When the evection values 0°, it is expected to ap-

proachsy = 1.72 + 10%;

— In conformity with §¢(E), introduction of correction

for the evection into the formula (1) is justified.
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