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Abstract 

Trigonometric series for approximate positions of some objects in the solar system are 

develop巴d.These give geocentric positions of the Sun and the Moon and heliocentric and geo・

centric positions of the inner planets with a precision of 0'.1, which corresponds to the precision 

in th巴 NauticalAlmanac. 
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1. Introduction 

The spread of electronic calculators has made it quite easy to carry out some 

astronomical calculations such as obtaining the altitude and azimuth of a celestial object 

from its right ascension and declination. In that case, the right ascension and declination 

still have to be obtained from an almanac, interpolated if necessary and put into the 

calculator as data. Some calculators, however, have an ability of programmed calculation 

as well as a fairly large number of memories. With such calculators, if a proper formula 

giving the position of the celestial object is available and programmed, the user will be 

able to obtain the position by himself. And if it is combined with the program calcula-

ting the horizontal coordinates, the altitude or the azimuth will be obtained only by 

giving the time for which the user desires to calculate them. 

In order to provide users of such calculators or mini or personal computers with 

compact formulas giving approximate coordinates of the objects m the solar system, some 

trigonometric series have been developed. They consist of the series for geocentric 

positions of the Sun and the Moon both in ecliptic and equatorial coordinate systems and 

the heliocentric ecliptic and the geocentric equatorial coordinates of the inner planets. 

The formulas are intended to be correct for the years 1970 to 2030, to the precision 

of 0!1 which is the same as in the Nautical Almanac published by the Hydrographic 

Department of Japan. 

As for the outer planets, the present ephemerides are computed by a numerical 

integration and th巴reexists no analytical formula to represent the result of the integration. 

This makes the derivation of similar trigonometric series for the outer planets somewhat 

di忽cult. However, a new method valid in such a case is being developed and the series 

will appear in a coming volume of this report. 

* Astronomical Division 
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2. Method of Derivation of the Series 

Series for the geocentric longitude, latitude and distance of the Sun and the helio-

centric longitudes, latitudes and radius vectors of the inner planets are first deriv巴d,

based on the respective T叫んsby Newcomb (1895a, 1895b, 1895c, 1898) amended by Ross 

(1917) for the elements of Mars. Also those for the longitude, latitude and horizontal 

parallax of the Moon are derived from Inψroved Lunar Eρhemeris (Eckert, Jones,Clark, 

1954), etc. In deriving the series only the terms of the perturbations greater than 1" 

or the equivalent amount for radius vector are taken into consideration. The results are 

Fourier series with numerical coe伍dentsand arguments consisting of linear combinations 

of the mean anomalies of planets and so on. 

Then, the transformations from heliocentric to geocentric coordinates for the planets 

and from ecliptic to equatorial coordinates are carried out. Further the e任ectsof nutation 

and aberration are considered. Throughout these procedures, all the calculations are 

carried out retaining the form of Fourier series, thus giving apparent geocentric equa-

torial coordinates also as Fourier series. The operations have been performed using a 

Fourier series processor for computer developed by the author. At the final stage the 

arguments are reduced to the form ofαT +b by substituting numerical values for the 

mean anomalies and so on. 

3. Structure of the Series 

i) Genernl 

The formulas give the coordinates of the celestial objects at any time referred to 

the ecliptic or equator and the equinox of date. As for the rectangular coordinates of 

the Sun, those referred to the equator and equinox of any epoch can be alsοobtained. 

T is the desired time for which the position is to be calculated, measured from 

J2000. 0 in Julian ephemeris centuries, or 

T = JED 2451545. 0 
36525 ’ 

JED being the Julian ephemeris date of the desired time. 

In the terms with coef五dentmultiplied by T, the cosine function is not printed 

but replaced with double commas (,,) to show it is the cosine function having the same 

arguments as immediately above. 

ii) Sun 

The series for geocentric ecliptic coordinates are given in Table 1. They are 

referred to the mean equinox and do not undβrgo aberratoin. The latitude is zero with 

the present precision. In order to get apparent longitude, 0~0057十O了0048 cos (1934 ° T + 
145°) must be added to the mean longitude. 

In Table 2, the series for app唄rentright ascension and declination are shown. Related 

to the right ascension of the Sun, Greenwich mean and apparent sidereal times are given by 

GMST=12h十UT十αm

and 

GAST=12h十UT十αmトρ
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respectively, where UT is the universal time, 

αm = 18~69735 + 2400~05130 T 

and 

ρ＝0~100029 cos (1934° TI 145°). 
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In Table 3, the series for equatorial rectangular coordinates are shown. The 

coordinates are free from aberration and are referred to the mean equator ,and equinox 

of date. However, the series give those referred to the equator and equinox of any 

epoch, if -1~3963 r is added to the arguments of cosine functions, r being the time 

interval from the epoch to the desired time in Julian ephemeris centuries. 
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AU 
+ 0,917354 cos ( 
+ 91T 
+ 22995 cos ( 
” 56T 
+ 7664 cos ( 
・ 19T

iii) Moon 

The series for the Moon are given in Tables 4 and 5. Both the ecliptic and equa-

torial coordinates are referred to the true equinox of date and suffer aberration, though 

it is very small. 

iv) Mercury, Venus and Mars 

The series for these planets are listed in Tabl巴s6 through 11. The heliocentric 

coordinates are referred to the mean equinox of date and do not suffer aberration. Series 

for apparent right ascension, declination and geocentric distance are not given for these 

planets because they are too lengthy. Instead, the series giving the geocentric equatorial 

rectangular coordinates are shown. They are referred to the true equator and equinox 

of date and su妊eraberration. Therefore the apparent right ascension and declination 

are obtained directly by 

R.A. =tan-1+ Dec.=tan-1~ 
、／){2十 y2and 

d= ...;x2十 y2十z2
gives the geocentric distance, though it is not the true distance but su任eringaberration. 

Also, 
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Y. KUBO 176 

Moon : Apparent right ascension and declination 
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Moon: Apparent right ascension and declination (Continued) 
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Mercury : Apparent geocentric equatorial rectangular coordinates (Continued) 
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’fable 12. Distributions of the differences between the values by the series and th巴 rigorousones 

senes -rigorous 
Coordinates Unit 

less -10 -8 -6 -4 -2 。+2 +4 十6 十8 +10 more 

Sun 

longitude 1" 141 453 1298 1247 398 116 

distance 10-sAu 46 1796 1788 23 

right ascension 0~1 75 276 1540 1395 362 5 

declination 1グ 91 477 1163 1357 464 90 11 

X1950.0 10寸 AU 18 1748 1887 

Y1950. 0 10-5AU 80 1757 1654 162 

Z1950. 0 10 5AU 1788 1795 70 

Moon 

longitude 1" 11 42 92 295 617 880 917 553 191 47 6 2 

latitude 1" 7 32 141 427 910 1165 710 228 29 3 1 

parallax 0~1 1817 1836 

right ascension 0~1 27 55 145 351 544 806 7 42 538 279 118 29 19 

declination 1" 71 67 158 336 477 617 600 500 365 236 126 100 

Mercury 

longitude 1’r 6 17 50 144 547 1102 1067 456 178 65 21 

latitud巴 111 7 178 1631 1523 301 13 

radius vector 10-5AU 1760 1893 

right ascension O~l 42 491 1391 1306 380 43 

declination 1" 6 31! 69 423 1444 1135 416 90 32 4 

Venus 

longitude 1'1 66 593 1578 1207 209 

latitud巴 1'1 1516 2137 

radius vector 10-s AU 1693 1960 

right ascension O~l 46 63 92 95 390 1502 1086 287 24 15 15 38 

declination 1'1 65 355 1204 1134 452 206 83 55 99 

Mars 

longitud巴 111 36 75 495 997 1180 619 228 23 

latitud巴 111 14 286 1746 1485 122 

radius vector 10-5AU 417 1583 1190 387 76 

right ascension 0~1 43 103 276 502 801 1371 447 74 12 24 

declination 111 75 61 92 148 448 1414 837 361 98 99 20 
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4. Precision 

In order to evaluate the precision of the series pres巴ntedabove, the differences 

between the values calculated by them and the rigorous values tabulated in the fa1りanese

Ephemeris are examined. The comparison is made for every Qh ET from 1972 January 

1 to 1981 December 31 (3653 points in total), and the distributions of the differences are 

shown in Table 12. Since the series are constructed so as to fit best at J 2000. 0, the 

precision reprsesnted by the distributions is considered to be retained throughout the 60 

years centering at 2000. 
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