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Ab目tract

In order to avoid confusion in the future the departure of the fundamental ephemerides, 

contained in the current volumes of the Astronomical Ephemeris (A.E.), from their basic theories 

have been investigated by rigorous preparations of computer programs. 

Regarding Newcomb’s (1895b) Tables of the Sun, it is found that several small terms in 

the perturbations of the radius vector by Venus and Mars have b巴enneglected in the tabular 

values, besides the remarks by Clemence (1943) and Kinoshita et al. (1974〕onthe perturbations 

in the longitude by Venus and Jupiter, respectively. Some of the numerical coe伍cientsin the 

expression of the equation of the center seem to be in error, which causes an. error of土Ot'Olin 

the longitude of the Sun. In opposition to the remark by Williams and Clemence (1942〕itseems 

appropriate that Newcomb applied corrections to LeVerrier’s values of the eccentricity and the 

perihelion longitude of the earth’s orbit due to the elimination of terms dependent solely on the 

mean anomaly of the earth, as far as the perturbations in the longitude are concerned. The 

amount of the lunar inequality in the longitude calculated directly be making use of the daily 

ephemerides of the Sun and the Moon differs from that given by the Tables by about土Ot'04. Al-

though the expressions for the planetary perturbations of the latitude in Newcomb’s and Le Verrier’S 

Tables are both based on Le Verrier’s (1858) j守口idamentalnumbers, these Tables yield values dif-

fering by about 土0~＇12 from each other. 

Comparison bewteen the A.E. and the results of the rigorous computation has been made 

for the data for 1975 except for those of the Moon for which a comparison by Inoue (1977) for 

the data from 1952 to 1980 is available. The main features of the A.E.-data thus obtained are 

as follows : (a) Sun -Discrepancies from the rigorous computations in the longitude and the 

radius vectors are caused partly by the differences between the basic expressions and the actual 

tabular五guresin Newcomb’S Tables. The remaining discrepancies do not seem still to be caused 

solely by accumulation of random errors. The discrepancy in the latitude is almost entirely caused 

by the difference between the basic expressions and the tabular五gures. (b) Inner planets -Most 

of the discrepancies in the heliocentric coordinates can be regarded as tolerable, except that the 

radius vector of Mercury in the A.E. is systematically smaller than the values obtained by the 

rigorous computation. The effect of the discrepancies in the solar coordinates appear signi五cantly

in the geocentric ephemerides. (c) Outer planets -The numerical integrations by Eckert, Brouwer 

and Clemence (1951) are admirably correct. The right ascensions and declinations in the A.E. 

suffer from the incompleteness of the correction due to the change in the value of the aberration 

* The excerpt of this paper was read at the IAU Symposium No. 81 in May 1978 and has been 

published in D:y叩 miesof the Solar System, Proceedings of the IAU Symposium No. 81, Ed・. 

R.L. Duncomb丸D.Reidel Pub. Co., 1979. 
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constant目 Thegeocentric distances of Uranus and Neptune in the A.E. seem to be those obtained 

by omitting the五gureslower than the printed last decima!S. (d) lo.1oon -The computation ac-

cuarcies of the A.E. may be around ±0'.'0010 for the longitude，土0'.'003for the latitude and ±0~’6 × 

10 'for the horizontal parallax. Errors in the A.E. may be caused. mostly by the incomplete treatment 

of the higher terms regarding the change in the value of the dynamical form factor of the earth. 

Although the amounts of the discrepancies surveyed in the present investigation might be 

regarded as permissible in the past, we can now compute the ephemerides as precisely as we want 

whenever the basic theory is rigidly speci品ed,with the general availability of computers. For ex-. 

ample, the j = 2 ephemeris of the Moon prepared by Inoue (1977〕satisfactorilyagrees with the 

Fundamental Lunar Ephemeris (Van Flandern, 1976) of the U.S. Nautical Almanac Office, the dis-

crepancies betwen them being土0'.'0002in the longitude and latitude and 土2＂× 10-• in the hori-

zontal parallax. Hence, we consider that the international ephemerides in the future should be 

computed by at least two institutes independently using different types of computer. 

Key words: Tables of the Sun fundamental ephemerides 

1. Introduction 

The IAU (1976) System of Astronomical Constants and a new set of the funda-

mental theories will expectedly be introduced into the international and national ephem-

erides for the volumes of 1984 onwards. In order to avoid any confusion in the future, 

it is necessary to clarify characters of the data published in the current volumes of the 

Astronomical Ephemeris=American Ephemeris, both abbreviated as A.E., in the reference 

to the basic theories. With this end in view, computer programs for the calculations of 

the ephemerides of the Sun and the inn巴rplan巴tsbased on Newcomb’s (1895 b, c, d, 

1898) Tables have been prepared at Tokyo Astronomical Observatory (TAO) and Hy-

drographic Department of Japan (JHD) independently of each other using differ巴nttypes 

of computer and hence different types of FORTRAN. The JHD (Inoue, 1977) has fur-

ther prepared the programs for the Moon's ephemerides based on Brown-Eckert theory, 

and has reproduced Eel王ert,Brouwer and Clemence’s (1951) num巴ricalintegrations of the 

outer planets. Fundamental ephemerides thus computed are compared in the pres巴nt

paper with those data tabulated in the current volumes of the A.E. 

Computers used at the TAO and JHD for preparing all the ephemerides referred 

to in the present paper are FACOM 230-58 and NEAC 2200/500, respectively. FACOM 

230-58 has main memory size of 768 KB and its word length is 32 bits, while the memory 

size of NEAC 2200/500 is 256KB and its one word consists of 48 bits. 

2. Sun 

2.1 Remarks on Newcomb’s Tαbles of the Sun 

In th巴 Introduction(pp. 9 -20〕ofNewcomb’s Tables of the Motion of the Earth 

on its Axis and around the Sun (hereafter called Tαbles when巴verconfusion may not 

occur with Le Verrier’s Tables) he gives the basic data and formulas (hereafter called 

basis) which were employed to calculated the individual values in the main body (called 

tabulation or tabular values) of the Tables. Williams and Clemence (1942) briefly an-

notated that the orbital elements of the earth in the basis (pp. 9, 10) ar巴 exactlyconsist-

ent with those given in Newcomb’s (1895a) Astronomical Constants. In fact the elements 
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for 1900 in the basis can be derived from “concluded ”el巴mentsfor 1850, their secular 

variations and the precessions for 1850 presented in Astronomical Constants (pp. 182, 186, 

196). In deriving th巴 concludedelements from those adopted in Le Verrier’s (1858) Tables 

generales du mouvement du soleil, Newcomb (Astronomical Constants, p. 180) applied the 

corrections +0~1054 and + 1~14 respectively to the values of the eccentricity and th巴 ion-

gitude of perih巴lionin such a way to eliminate those terms in the perturbations in the 

longitude which depend solely upon the position of the earth having the same period as 

the earth’s motion. Such terms can be writt巴n： 

oA=Ccos g+S sin g (1) 
or 

oA口 M sin L+N cosL c 1 )' 

where A, g and L stand for the true longitude, mean anomaly and mean longitude of the 

earth, respectively. In such a cas巴 aterm in the form of 

nν n
 

cd 
C
一2

nus o
 

ρ目
ws

一2一一R
 。。 (2) 

or 

N M oR = - sin L十 cosL 
2 2 c 2 )' 

need to be added to the perturbations in the radius vector so as to comp巴nsatethe effect 

due to the modi五cationof the value of the eccentricity (Le Verrier, 1856, p. 39). 

Williams and Clmence (1942) remarked that Newcomb’s procedure in this regard 

was erroneous becaus巴（i)LeVerrier had alr巴adyexcluded the terms of (1)' in the per-

turbations of longitude in his Tables du soleil and (ii) Newcomb neglected in his Tables 

not only the compensation terms of (2) in the radius vector but also the terms in the 

form of A cos g+B sing which intrincically existed in the perturbations of the radius 

vector. In fact, after the presentation of th巴 listof五guresof the perturbation terms, 

Le Verrier (1858, p. 38) stated that th巴巴xclusionof the terms of (1)1 and the addition 

of the terms of (2)1 should be made in th巴 practicalcalculation, presenting the actual 

五guresof their coe伍ci巴nts. However, LeVerrier’s Tables seem also internally inconsist-

ent in this respect. Result of a test calculation of the relevant tables in his Tables is 

Table 1 Amendment of perturbation performed in LeVerrier’S Tables du soleil 

Longitude: Radius vector: 

Exclusion of term Inclusion of 
M N compensation term 

co:100l) M sin L + N cos L 一（N/2)sinL+(M/2)cos L 

Mercury + 2 -8 no (Tab. XIII) yes ? (Tab. XXXIV) 

Venus -4  -35 no (Tab. XXII) yes (Tab. XXXVI) 

Mars -12 -8 no (Tab. XXVIII) yes (Tab. XXXVIII〕

Jupiter -53 -47 no (Tab. XXX) yes (Tab. XL) 

Saturn 。 。
Sum -67 -98 

(cf. Astr. Const., p.180) 



96 A.M. SINZI, K. INOUE, Y. KUBO, SH. AOKI, H. KINOSHITA, H. NAKAI 

given in Table 1. Actually the terms of (1)1 remain in the tables of the perturbation 

whereas the terms of (2)1 are also included. 

Newcomb (Astronomical Constants, p. 6) had compared observation with his pro-

visional tables reconstructed from Le Verrier’S Tables for the data previous to 1864 and 

with the A.E. for the data after 1864. According to Williams and Clemence (1942) 

Newcomb’s provisional tables include the terms of (1). The A.E. had been based on 

Le Verrier’S Tables du soleil for the volum巴safter 1864. Consequ巴ntlywe may esteem 

it as an appropriate procedure that Newcomb applied the corrections +0~＇054 and 十 1~＇4

respectively to Le Verrier’s values of the eccentricity and the perihelion longitude as far 

as the perturbation in the longitude is concerned. 

History of the values of the eccentricity of the earth’s orbit can b巴summarized

as follows: 

epoch 

e =0. 016 770 464 1850 Le Verrier’s provisional value (1858, p. 53) 

= (3459':1565) 

+0.12 

3459.28 

+o. 054 

十0.12 

3459.454 

(-4. 304) 

3455.150 

，， corr. from obs. (ibid. p. 97) 

1850 /1 adopted value in Tables (ibid. p. 102) 

1850 

1900 

Newcomb’s corr. due to (1) (Astr. Const. p. 180) 

，， 

／／ 

，， 

，， 

corr. from obs. (ibid. p. 96) 

concluded valu巴（ibid.p. 182) 

secular variation (ibid. p. 186) 

adopted valu巴 inTables (p. 9) 

The figures in parentheses are not given explicitly in th巴 originalmaterials. 

Note 1.-Table XXXVIII of Le Verrier’S Tables for the perturbations in the radius vector by 

Mars lacks the modi五cationdue to the change in the adopted mass of Mars, while in the other 

tables of the perturbations by Venus and Mars the tabular五gureshave been respectively mul咽

ti plied by the factors 1. 004 for Venus and 0. 895 for Mars, excepting Tables XXII and XXXVI 

for which the effects due to the modi五cationis almost insignificant. 

Note 2.-In LeVerrier’S Tables the values of the coefficients of higher terms in the expansion 

formulas of the equation of the center and the radius vector presented on pp. 102 and 103 are 

not consistent with his adopted value of the eccentricity and might have been taken from those 

(Le Verrier, 1858, p. 53) based on the provisional value of the eccentricity. The tabular values 

of the equation of the center (Table VII) and the radius vector (Table XXII) are consistent 

with the expansion formulas on pp.102 and 103, respectively. 

In the basis (p. 10) of Newcomb’S Tables, the s巴riesexpansions of the equation 

of the center and th巴 logarithmof the radius vector are presented. vVh巴nw巴 simply

apply the Kepler’S equation, the coefficients of th巴 expressionof the logarithm of the 

radius vector are practically consistent with the adopted value of the巴ccentricityin the 

basis (p. 9), while in the expr巴ssionof th巴巴quationof the center there appears a dis-

crepancy by about (0':004+0':007T) sin 3g as can b巴 foundby comparison of th巴 follow”

ing each pair of formulas. 
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v-g= sin g （~~jg~＇057 -17'.'240 T-0'.'052 Tつ
. 057 -17. 2419 -0. 0520 

log R×10' = 

+sin 2 g( 72. 338 -0. 361 T TZ) 
72. 3393-0. 3610 -0. 001 

+sin 3 g( 1. 054 -0. 001 T) 
1. 0501-0. 0079 

+sin4g( 0.018 
0.0174 

3 057 -15 T 
3 056. 6-15. 2 

+cos g（ー727412 +1 814 T+5 Tう
-727 411. 9+1 814. 8 +5. 8 

+cos 2 g( - 9 138 十 46 T 
9 138. l+ 45. 6 

十cos3 g（ー

+cos4g（ー

145 + 
144.5十

2 
2.5 

1 T 
1.1 

(3), (3)' 

(4), (4)' 

The五gur巴sin each upper ran！王 assignedas (3) and ( 4) are those giv巴nin the basis, and 

the五guresin each lower ranl・王 initalic style assigned as (3)1 and (4)' are those ob-

tained from the Kepler’s equation. No further terms affect the values down to the third 

decimal places for the equation of the center and eighth places for th巴 logarithmof the 

radius vector. 

Clemence (1943) pointed out that Newcomb had not used some terms listed in 

Table B of the basis to contsruct Tables VIII and XII regarding the perturbation in th巴

longitude by Venus but had purpos巴lyadopted other terms which are given in the col-

umn“Tables VIII and XII”in Table I of the Clemence’s paper, although he could not 

find the ground of thes巴 terms.

Kinoshita et al. (1974) reconstructed Tables VII to XI pertaining to th巴 pertur-

bations in the longitude by making use of Tables A to F in the basis and compared with 

respectiv巴 tabularvalues of the Tables. The main features are as follows: (i) For the 

perturbations by M巴rcur・y(Table VII) and Saturn (Table XI) the discrepancies by ±1 

in the last decimal place of the Tables, 0'.'01, appear to distribute at random with small 

frequency of occurence, suggesting that these discrepancies are caused by rounding-off. 

(ii) Clemence’s remark on the perturbations by Venus referred to above is concr巴tely

veri五edin Tabl巴 VIII. Residuals after applying the correction for this effect show al-

most random distribution of 土1,remaining discrepancies reaching to 土3in very re” 

stricted portions. (iii) The tabulations for the perturbations by Jupiter (Table X) might 

have been construct巴das if each value for j=5 were situat巴dupwards by one rank in 

Table D. (iv) Discrepanci巴sfor the perturbations by Mars (Table IX) might be caused 

by some・ situation like that for Venus in Table VIII and for Jupiter in Table X. 

All tabulations of the Tables excepting those pertaining to the arguments, pre” 

cession and nutation have been recalculated at the JHD being based on the data in the 

basis. Results of comparison of the calculated valu巴swith the respective tabulations are 

illustrated in Figur巴s1 to 24 except for Table XXXI, and are summarized in Table 2 to 
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which the following remarks on some tabl巴sare supplemented. 

Table VIII : Syst巴maticdiscrepancy is due to the eff巴ctremarked by Clemence referred 

to above. 

Table X : Systematic discr巴pancyis due to the effect remarked by Kinoshita et al. re-

ferred to aboue. Distribution of the residuals after applying the correction for this 

effect does not still seem completely random. See Figure 4'. 

Tables XII to XV: Although discr巴panciesappearing in these small tables are of neg-

legible amount, they may contain the sam巴 effectas appears in Tables XXII to XXV. 

Table XVIII : When w巴 neglectthe smallest four terms 4 cos (90° + 2 gう， 4cos (166° + 7 g1 

-9g), 4 cos(l35°十7g1-l0g) and 4cos(256°+9g'-10g) in Table B of the basis, the 

discrepancy from the tabulation becomes almost random. See Figure 12'. 

Table XIX : When we n巴gl巴ctthe smallest two terms 3 cos (108° -5 g1+2 g) and 4 cos (153。

-17g＇十 lOg)in Table C, the discrepancy from tabulation becomes almost random. See 

Figur巴 13'.

Tables XX and XXI : Distributions of discrepancies in thes巴 tabl巴smay be of random 

character. Wh巴nw巴 neglectthe smallest terms 3 cos (252° -5 g1十5g)in Table D and 

4 cos(194°-4g' +2g) and/or 3 cos(198°-2g＇十 3g) in Table E, the discrepancies from 

the respective tabulations become larger with syst巴maticdistributions. 

Tables XXII to XXV: Occurence of discrepancies by ±2 suggests that they are not of 

purely random character. In some portions of Table XXV of single argument, values 

differing by 2 ar巴 tabulatedagainst same values of the argument. Hence the discrep-

ancies in thes巴 smalltables may b巴 causedby some property of th巴 calculationscheme 

adopted by Newcomb which might hav巴 beenapplied also to the construction of Tabl巴S

XII to XV and XXX. 

Table XXVII: The tabular values are rather closer to those deriv巴dfrom the Kepler’s 

equation than thos巴 calculatedby the formula (4) pres巴ntedin the basis. 

Table XXVIII: The tabular values seem to b巴 biasedwith periods of g1 3 g and 3 g＇十
4g・

Table XXXI : In this critical table of very small size, there are insignificant discrepancies 

in the argument B at four places due to the rounding, i.e. B=79. 47 for the tabular 

value of 80, 192. 45 for 193, 259. 48 for 260 and 291. 76 for 291. 

For th巴 calculationof the periodic perturbations using Tables A to F of the basis, 

the formula v0 cos (ig＇十ig）十v,sin(jg＇十 ig)has be巴n employed instead of the formula 

scos(K-jg1 -ig) which was adopted by Newcomb to construct the tabulations. vV巴 shall

call the calculation scheme by the former formula as VCS and that by the latter as SK. 

The discrepancy in the valu巴scalculated through SK and VCS is due to the actual dif-

ference between th巴 listedvalues of s and -./v;'干可 inTables A to F of th.e basis, 

In some of Figures 1 to 24, singular discrepancies appear vertically against some 

specific horizontal argument g, exhibiting differ巴ntbehaviol,lr from the general pattern 

of the discrepancy in th巴 adjacentportions. Th巴sediscr巴panciesar巴 probablydue to the 

error in the values of 

L]s cos {K一（jn1+in)t} or L]s sin {K ~（jn， 十 in)t}
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Feature of individual tables in Newcomb’S Tables of the Sun Table 2. 
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used for th construction of the tabulation (see basis, p. 21). The value of j and the dis-

tinction between sine and cosine can be estimated by the appearance of the discr巴pancy.

For example, )=3 and sin for (J'C=280 in Figure 2 (or 2つ， and)=10 and cos for g=8 in 

Figure 13 (or 13'). 

The tabulations in the Tables do not include (a) the p巴rturbationsin the radius 

vector by Mercury (Table A), (b) the perturbations in the latitud巴 byMars and Saturn 

(Table F〕，（c)the several minor terms marked with asterisk concerning the perturba-

tions by Moon (p. 18), and presumably (d) the smallest four terms by Venus (Table B) 

and two terms by Mars (Table C) in the perturbations of the radius vector referred to 

above. In fact, Newcomb might not expect such a high accuracy in his Tables as to 

adopt these small terms as well as the far smaller terms which appeared in his theory 

(Newcomb, 1891). He anticipated the error by about土0'!03in the longitude at the end 

of the twenti巴thcentury due to the approximation adopted in the expressions of the 

m巴ananomalies of the disturbing planets (basis, p. 20). Williams and Clemence (1942) 

estimated the amount of the error in the perturbation in the radius vector to be about 

2×10-1 A.U. due to the omission of the terms depending solely on th巴 meananomaly 

of the earth. In the same paper they further remarked an error by -0'!17 in Newcomb’s 

valu巴 ofthe perihelion longitude due to its motion in the interval between the epochs 

adopted by Le Verrier and Newcomb. Since this error directly refl巴ctsin the mean anom” 

aly of the earth, do app巴arerrors by ±01!006 in the equation of center and ±1. 4 × 10-• 

A.U. in the radius vector, which are insignificant though. 

2.2 Program日 ofthe TAO and the JHD 

In principle the programs of the TAO and of the JHD have b巴巴nboth prepared 

rigorously following the basis of the Tables with some modifications. The main prop-

erties are as follows. (Unless otherwise stated th巴 symbolsar巴 thoseadopted in the Ta-

bles.) 

( i ) Arguments 

a. Mean anomalies 

Sun : To the expression of g presented in the basis (p. 9) the following correction 

is applied: 

Llg= (1'!882-0'!016 T) sin (57'. 24+ 150'. 27 T) 

十6'!40sin(231'.19+20'.20T）十0'!266sin (31'. 8十119'.0T), (5) 

which is taken from the expression for oL in the basis (p. 24). 

Planets ：“general values of g，＇’in Table G are adopted. 

Mercury g1=102'. 199十149472'.35 T 

Venus g1=212.445十 58517. 493T 

Mars g1 =319. 582+ 19 139. 977T 

Jupiter g'=225.281十 3034. 583T 

Saturn g1 =175. 596+ 1 221. 794 T 

To the above value of g1 for Jupiter the corr巴ctionfor the term of long period in its 

mean longitude due to Saturn’s action is added. In the TAO・programsthis correction is 

taken from Table V of the Tables by the linear interpolation. In the JHD”programs this 
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correction is derived from Hill’s (1895) Tables of Jzψiter through the following proce・ 

dure. The relevant term among th巴 listof oz in Hill’S Tables (pp. 24, 25) is 

[3~ 998 745-0~ 002 213 m] sin(5 g1 -2g-81'!970 09t+67'08'55'!73) , 

and the quantity obtained through the multiplication of this terms by n may correspond 

to the correction we concern. Numerical expressions of g and g1 and the value of n are 

given on p. 23 of Hill’s Tables and the value of m is derived from the period of Jupiter’s 

motion also shown on p. 23. Consequently we have 

Llg= W 3315-0'. 00155T) sin(l33'. 9099+38'. 39365 T) . (6) 

The value of the correction thus calculated are very close to those listed in Table V of 

the Tables. Maximum discrepacy between them is ±0'. 02 and is certainly insigni五cant

in the calculation of the perturbations. 

b. Quantities concerning the Moon’s motion 

The lunar inequality are expressed with the variables D, g, g,, u and u' (basis, 

p. 18). We may put 

u=L,-Q and u'=L-Q, 

where L, and βdenote the mean longitude and the longitud巴 ofthe mean ascending 

node of the Moon, resp巴ctively. The expressions for D, g,, L, and Q are taken from 

the Section 1 of Brown’S Tables (1919, p. 28) in which the symbols l and L are used 

for g, and L口 respectively. The expressions for L and g pertaining to the Sun are those 

given in the basis (p. 9). 

(ii) Elliptical terms 

The equation of the center and the radius vector in the elliptic orbit are directly 

calculated through the K巴pler’s equation using the values of the eccentricity and the 

mean anomaly of the date derived from the expressions in the basis (p. 9) with the cor・ 

rection Llg by (5) to the latter. 

(iii) Perturbations 

All terms, including those omitted in the tabulations, listed in Tables A to F 

for the planets and those given on p. 18 for the Moon are adopted, except that the per・ 

turbations in the longitude by Venus are modi五edby “Tab！巴sVIII and XII”of Clemence’s 

(1943) paper. The periodic perturbations by the planets are calculated through the SK-

scheme in the TAO”programs and through the VCS-scheme in the JHD-programs. 

Programs have been thus constructed at the TAO and the JHD independently 

and their computation results have been compared with each other. Discrepancies be-

tween them ar巴 around土0'!005in the longitude，土0'!004in the latitude and 土2× 10-•

A.U. in the radius vector. It is found that these discrepancies are mostly caused by the 

differ巴ncebetween the schema of SK and VCS in the calculation of the perturbations 

by the planets. The discrepancies SK-VCS for 1970 to 1979 are illustrated as an 

example in Figure 25. When this effect is removed, the discrepancies between the TAO剛

and JHD-data are reduced to ±0'!001 both in the longitude and latitude and l×10 8 A.U. 

in the radius vector, namely to the one幽tenthof the units of th巴 respectivelast五gures

printed in the A.E. We may thus consider that the TAO・ andthe JHD”programs are 

both strictly consistent with Newcomb’s theory and hence we can compare the TAO/JHD・
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Figure 2.5, SK-VCS in the ecliptic coordinates of the Sun for 1970 -1979, 
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Figure 26. AE -JHD in the ephemerides of the Sun for 197.5. Each pair of 
horizontaユbroken-linesindicates the limi七ofaεreemnt between the AE 
出1dJHD a七七helast decimal printed in the AE, 

data with those published in the A.E. 

2.3 Comparison with the A.E.-data 

Discr巴panciesin the ephemerides of the Sun between the A.E.司 andthe JHD-data 

for the year of 1975 are presented in Figur巴 26. The pair of horizontal broken-lines in 

each五gureindicates the one-half of the last unit printed in the A.E. Since the JHD” 

data are expressed down to the lower places than the A.E.-data, the individual dots in-
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side the broken-line pair d巴notethat those A.E.-data exactly agree with the JHD-data 

at the printed last decimals. For the longitude and latitude only the dots locating on 

the respective abscissae correspond to the exact agreement at the printed last decimals. 

Apart from the effect due to the random errors, we can enum巴ratethe following 

inconsistencies of the tabulations with the basis to explain the discrepancies AE-JHD 

!n the ecliptic coordinates. 

( i) Lo時 it吋巴

values of the coe伍cientsof th巴 expressionfor the equation of the center, ( ±0'!010). 

SK-VCS in the planetary p巴rturbations（土0'!003),

confusion due to unknown reason in the perturbations by Mars 〈土0'!03),

confusion in the perturbations by Jupiter （土0'!04),

the asterisked t巴rmsin th巴 lunarin巴quality（土01:013).

(ii) Radius Vector 

SK-VCS in the plan巴taryperturbations 〈土0.15×107 A.U.), 

perturbations by Mercury (±1. 1×10－つ，
the smallest four terms by Venus and two terms by Mars ( ±0. 4×10-1), 

the asterisk巴dterms in the lunar inequality (±0. 8×10-1). 

(iii) Latitude 

SK-VCS in th巴 planetaryperturbations 〈土01:002),

perturbations by Mars and Saturn （土01:020),

the asteri.sked terms in the lunar inequality ( ±0'(014). 

The resulting effects due to th巴secauses, excepting for that due to the confusion in the 

perturbations in the longitude by Mars, are shown by solid curves in Figure 26. 羽Te

can find that the residual discrepancies by removing thes巴巴ffectsfrom the A.E.-data be-・ 

come considerably smaller than the raw discrepancies AE-JHD. In particular the agree-

: ment in the latitude s巴emssatisfactory. Kinoshita et al. (1974) estimated the mean 

values of the accumulated rounding error due to the interpolations in the respective ta-

: bles to be about土0'!02in the case of the computation of the longitude by the Tables. 

.. This estimation may also be applicable to the error in the computation of th巴radiusv巴c-

tor. Hence, on seeing the appearance of random discrepancies in Figures 1 to 24, we may 

regard the amounts of the r巴sidualdiscrepancies appeared in Figure 26 as reasonable 

provided that the A.E.-data have been calculated by making use of th巴 individualtabula-

tions in the Tables. However, th巴 residualdiscrepancies both in the longitude and the 

radius vector still take positive or negative values continuously for some durations. They 

Table 3 Comparison of calculations of the lunar inequality for 1975 

Longitude 

Latitude 

Radius vector 

expansion fromula 

Newcomb, all terms 
Newcomb, without asterisked terms 
Kubo 

Newcomb, all terms 
Newcomb, without asterisked terms 
Kubo 

Newcomb, all terms 
Newcomb, without asterisked terms 
Kubo 

expamion-dfrect calculation 

+0~＇043～ー0:1036
+ .043～－ .025 
+ .005～－ .006 

+0:1007～－0:1014 
+ .015～－ .014 
+ ,004～－ .004 

+16 ~-22x10-• 
+14 ～－21 
+ 3 ～－ 3 
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may not be attributed solely to the accumulation of random errors but may be presumably 

affected by some slight discr巴panciesin the values of the arguments, in particular those 

depending on the mean anomalies, between the A.E.-and the JHD-computations. 

In the basis (p. 13) Newcomb advises to calculate the lunar inequalities directly 

by ma.king use 0£ the daily ephemerides of the Sun and the Moon instead of the for-

mulas in the Tables, although the international and national ephemerides have never 

adopted this direct metho¥3.. In Figur巴 27the discrepanci巴sof the calculations by the 
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Figure 27, Discrepancies in the caユcu工ationof the perturbations produced by 
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Figure 28, Discrepancy in the per七urbationsof the latitude of the Sun 
between LeVerrier' s and Newcomb’s Tables for 1965四 1979,
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Tables from the direct calculations are illustrated togeth巴rwith those of the calculations 

through the formulas proposed by Kubo (unpublished). Their maximum discrepancies 

are summarized in Table 3. 

As described in the basis (p. 13), Newcomb derived the planetary p巴rturbations

in the latitude (Table F) from the F仰 idamentalnumbers given by LeVerrier (1958, pp. 

13-20), on which LeVerrier’s Tables are also based. Comparison of the actual amounts 

of the perturbations for 1965-79 between Newcomb’s and Le Verrier’s formulas is made 

in Figure 28. All the terms listed in the respective Tαbles have been adopted in the 

calculations. The discrepancy between both Tables ranges from -0'!12 to十0'!13and is 

composed of discrepancies by土0'!06in the perturbation by Venus，土0'!02by Mars, ±0'!03 

by Jupiter and土0':06by Saturn. The expressions M sin (j L'十iL)+Ncos(JL＇十iL)and 

f'c COS (Jγ＋ig)+ i's sin（｝γ＋ig) are used in LeVerrier’S Tables and Newcomb’s Tables, 

respectively, where L stands for the mean longitude of the earth and L' for that .of the 

disturbing planet. Throug}iふ .comparisonof Newcomb’s values of f'c and l's with thos巴

deduced from Le Verrier’s values of Mand N using LeVerrier’s value of the perihelion 

longitud巴 for1850, disagreements presented in Table 4 ai:e found between Newcomb’s and 

Le Verrier’s terms which are larger than 0'.'01. 

Table 4 Disagreement in perturbations of latitude between 
Le Verrier’s and Newcomb’s Tables 

perturbations Le Verrier Newcomb 
by j i M N J i f3c f3s 

Venus +1 。 ~0'.'001) 
一 ＋16 -1 。 ~＇.＇001) 

一＋17。+1 +6 -23 
Mars +1 -1 -1 -10 +2 -2 。+ 8 
Jupiter 。+1 -2 ~13 

Saturn +2 1 13 -31 

, 3. Inner planets 

Programs for the ephemerides of Mercury, Venus and Mars have been prepared 

in the same manner as for the Sun, being based on the respective bases in Newcomb’s 

(1895c, d, 1898) Tables with Ross’(1917) correction to the mean orbital elements of 

Mars. Main features of the computations are as follows: 

( i ) General schema 

l=l.十人T +l2T2十az ・ c 7) 

。＝g。＋g,T十g,T＇十az c 8) 

R＝←叫す）sin2 u＋す叫す）sin4 u－－｝叫す）sin6 u ( 9) 

u口 Z+o-lp+(v-g）ー θ （10)

え＝It十θ十R (11) 

iS=sin-•(sini sin u）十0iSP (12) 

r=rell×lOS(log rp) (13) 

The respective first three terms of (7) and (8) are those for the mean longitude and the 

mean anomaly presentedヰtthe beginning of each basis (pp. 173, 273) for Mercury and 

Venus. For Mars they are tairnn from the elements derived by Ross (1917, p. 263). The 
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correction Ol is tak巴nfrom （の，（r)and (o) on p. 280 for Venus and from （の andCr) 

p. 399 for Mars : 

Venus: ol= (2'!761-0'!022 T) sin(237'. 24+ 150'. 27T) ) 

十0':269 sin (212'. 2十 119'.05T)} (14) 

-0'!208 sin(l75'.8 +1223'.5 T) J 

Mars ：占l= 0'!606 sin (212'.87十119'.051T)

十 0'!009sin (325'. 00+ 753'. 67 T) 

十 .0'!130sin ( 74'.00十163'.00T) 

+ 0'!280 sin (300'.00+ 40'.80 T) 

+ 0':319 sin (116'. 88十773'.444T) 

十52'!490 sin ( 47'. 48 + 19'. 771 T) 

-37'!05-13'!50T . 

(15) 

No corr巴ctionsare applied to the mean longitude and mean anomaly for Mercury. The 

equation of the center v-g and the radius vector r,11 of the elliptic orbit are calculated 

directly by solving the Kepler’s equation with the values of g by (8) and e of the date. 

In the case of Mars, the following corr巴ctionsare applied : 

。（v-g)= 0'!043 sin 2g 

10' o(Iog r) = 465 cos g-105 cos 2g 

(16) 

(17) 

The former corr巴ctionis given as oE on p. 389, but the latter is diff巴r巴ntfrom the ex-

pression of o(Iogr) on p. 389 du巴tothe numerical inconsistency among th巴 expr巴ssions

of e on p. 388, o(Iog r) and log r on p. 389. The tabular values of the logarithm of the 

radius vector in Table XXXIII were presumably calculated by the expression of log r on 

p. 389. Whenc巴（17)is deduced by subtracting the series expansion of the logarithm of 

the radius vector with the value of e on p. 388 from the巴xpressionof log r on p. 389. 

The values of th巴巴quationof the center and the radius vector thus corrected by (16) 

and (17) should be respectiv巴lytr巴atedas th巴 termsv-g in (10) and r,11 in (13), al-

though these corrections are not associated with th巴巴llipticorbit but originally arise 

from th巴 perttirabtions.

(ii) Perturbations (oAp, o~p, o(Iogrp) in (10), (12), (13)) 

a . As a rule all terms listed in the tabl巴swith titles in the alphabetical order ・ 

are adopted. But if there is any expression in th巴 descriptionof the basis regarding th巴？

same term as contained in the alphab巴ticaltables, the expression in the description is 

adopted with priority. 

b. The argument g of each perturbed planet includes the correction ol stated 

above. 

c. M巴rcury: No modifications are applied to Tables A, B, C and D. 

d. Venus : Table B is amended according to the footnote on p. 276. Table・ E 

is amended according to the description in （め onp. 280 and another description .on p. 

277 as follows, 

-0'!208 sin (175'. 8+ 1223'. 5 T) instead of +0'!208 cos (270' - gう，

十0'!180sin (l＇ーの
-0'!051 sin2(l＇ーの

十0'!180cos(l29'. 4 - g1十 g)' 

+0'!051 cos(348'.7 -2g1十2g). 

e. Mars: Mean anomalies of Jupiter and Saturn are amended accordin'g to the 
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description on p. 398, 

L/gN＝十O'.332 sin(134'. 4+38'. 5 T), 

L/gV口ーO'.808 sin (134'. 4十38'.5T).

The former expression should be substantially identical with (6). 

As in the case of the Sun the TAO・programsadopt the SK-scheme and the 

}HD-programs adopt the VCS”scheme to calculat巴 theperiodic p巴rturbations. When the 

effect due to this difference is taken into account, the heliocentric ephemerid巴sof the 

inner planets computed by the TAO and the JHD agre巴 wellwith each other within 

土0'!001in the longitudes and latitudes and 士1 × 10-• A.U. in the radius v巴ctors,i.巴．

one-hundredth and one-tenth of the resp巴ctivelast decimals in the A.E. 

Results of comparison of the A.E.-data with the JHD-data are exhibited in Fig-

ures 29 and 30. Each pair of the horizontal broken-lines indicates the limit of the agree-

ment of the both data at the printed last decimal of the A.E. The agreement in the 

heliocentric ephemerides between the A.E.-and the JHD-data s巴emspermissible on the 

whole, exc巴ptthat the radius vector of Mercury in the A.E. are systematically smaller 

than the JHD吋 alues.

Although the disc巴rapnciesAE-JHD in the ephemerides of the Sun can be r巴開
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Figure 30, AE -JHD in the geocentric ephemerides of the inner p],anets for 1975. 
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garded as in巴vitablefrom the standpoint of the computation and as insigni五cantfor the 

use of the comparison with observation of the Sun itself, we should not underestimate 

these discrepancies, any of which may cause a signi五cantdiscrepancy in the geocentric 

ephemerides of the planets. An example of the propagation of such an error is illus” 

trat巴din Figure 31. The abscissa in each五guredenotes the actual discrepancy AE -JHD 

in the geocentric coordinates of Mercury and the ordinate denotes the combined d巴ctto 

the calculation of the geocentric coordinates due to the discrepancies AE-JHD. in the Sun's 

coordinates and in the M巴rcury’shelioc巴ntriccoordinates. In the case of the g巴oc.entric

distance ru for example, 

Llru=ru(AE)-ruCJHD) , 

oru= ao.18十b0{38+coR8十do-1u十eof3u+foRu , 
wh巴re

α＝笠主L, o.18=-18(AE〕－.18(JHD), etc. 
o.18 

and. the su伍xesMand S. designate Mercury and the Sun respectiv巴ly. We can find ex-

istencとofcorrelations of dα且fagainst SαM> L/o M against 00 M> and L/r M against or M> re-

spectively. 

4. Outer planet日

Numerical integrations of the heliocentric rectangular coordinates of Jupiter, Sat－「

urn, Uranus, Neptun巴 and Pluto have b巴巴nperformed at the JHD rigorously following 

the calculation scheme and the initial valu巴spresented in Eck巴rt,Brouwer and Clemence’s 

(1951) computations. Agreements of th巴 r巴sultswith Eelぼ rt.et al.’s valu巴s.are so satis-

factory that・ only less than 0. 5 per cent of the data hav巴 yi巴ld巴d the discrepancies by 

土1at the printed las.t decimal, 10→A.U. The heliocentric spherica・1coordinat田 inthe 

A.E. do not contain Clemenc巴’s(1954) correction du巴 tothe perturbations by th巴 inn巴r； 

planets;・ and th巴 comparisonwith the JHD-data has not been mad巴 forthese ephem巴rides.

The discrepancies AE-JHD in the geocentric ephemerides are rather signlfiむantas shown 

in Figure 32. Besides the effect due to the discrepancies in the Sun's eph巴merides,the 

right ascensions and declinations in the A.E. include the error due to a simplifi巴dpro-

cedure of the correction for the change in the value of the aberration constant from 

Newco,mb’s value to that of the IAU (1964). System. The !l.mount of this corr巴ctionis 

-0. 0000 073 LI×（daily motion) as given in th~ Explanatory Suρρlement to the A.E. (3rd 

imp., .P1 .507〕. Jn the A.E.-calculation this correction might have .been evah,i.ated down to 

.the sa:m巳decimalplace11 as those of the printed last五guresin t.h巴 A:E.and added to th巴 l

. original figures express巴社 also down to the same places. The effect du・巴 to this procedure 

is exhibited. by discontinuous curves in Figure 32. 

マVifluesof the. discrepancies AE-JHD in the geocentric distances of Uranus .and 

Neptun巴 bothconcentrate strongly in the range betw巴en-1 and 0 in the unit of th巴

print巴dlast decimal, their mean values being -5. 5×10-1 and -5. 4×10-1 A.U., resp巴c・

tively. The A.E. tabulates presumably these quantities by omitting th巴五gureslower 

than the printed last 'decimal. 

Frequency distributions of the discrepancies AE-JHD are summarized in Table 5 
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together with. those for the Sun and the inner planets. 

Note 1.-Numerical integrations for the principal minor planets by Duncombe (1969) have not 

been traced. Their reduction to the geocentric ephemerides yields higher values in the declina-

tion than the A.E. by O~＇l constantly when the declination is negative, probably due to an error 

in the A.E.-program (Wilkins, 1974). Erratum for the data from 1972 to 1980 is thus being no-

ticed in the every volume of the A.E. Until the volume for 1971 the A.E. tabulated the geo・

centric ephemerides deduced from Herget's (1962) integrations and agrees well with the JHD-

calculation. 

Note 2.-In the textbook Method of Celestial Mechanics by Brouwer and Clemence (1961) the 

following mistakes have been found concerning the numerical integration of Cowell's method. 

Table 5. Frequency distribution of AE-JHD for 1975 
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In the seventh line of p.172, wk=0.1720 210182 should be read as wk=0.172θ2100 39. The for-

mer品guremeans Mwk and the latter ,/Mwk. This mistake affects the numerical values in the 

succeeding calculation. In the lines of 13 to 15 of the same page, wk:t, wk；丸山kzshould be 

read as w:t, wy, w丸 respectively.

5. Moon 

Programs of j = 1 and j = 2 ephemerid巴sof the Moon wer巴 preparedat the JHD 

(Inoue, 1977) rigorously following the theories of the Improved Lunar Ephemeris (Eck巴rt,

Jones and Clark, 1954) and of Eckert, Walker and Eckert (1966), tespectively. There 

were several minor discrepancies between the }HD-programs for )=2 ephemerides and 

those of Fundamental Lunar Ephemeris (FLE) prepared by Van Flandern (1976〕atthe 

U.S. Nautical Almanac O伍ce,and by removing th巴 somecauses of th巴 discrepanciesthe 

JHD-eph巴merideshave agre巴dwith the FLE within土0'!002in the longitude and latitude 

and土2＂× 10• in the horizontal parallax to be compared with their respective last units 

in the A.E., 0'!01 in the longitude and latitude and 1＂× 10→ in th巴 horizontalparallax. 

We may thus consider that the programs for )=2 ephemerides of the JHD and USNAO 

are both su伍cientlyin accordance with Brown-Eckert th巴ory. Discrepanci巴SAE-JHD are 

summarized in Table 6. They may be mostly caused by the defects in th巴A.E.-programs,

for example, the incomplete treatment of the corrections for j=Z ephemerides due to the 

change in the value of the dynamical form factor of th巴earthfrom Brown’s value to that 

of the IAU (1964) System. It is estimated that the accuracies of )=2 ephemerides in 

Table 6 Frequency distribution of AE-JHD in the ephemerides of 
the Moon (Inoue, 1977) 

discr7~ancy Apto Long. A~b° Lat. Hor. Par. 
~＇01) 

1l ~＇01~ ~0~1000~ 
last unit 1l % 

-1 15 2.1 57 7.8 6 0 .. 8 。 1973 674 92.3 600 82.2 699 95.7 
+1 41 5.6 73 10.0 25 3.4 
-1 23 3.2 87 11. 9 12 1. 6 。 1974 679 93.0 545 74.7 705 96.6 
＋正 28 3.8 98 13.4 13 1. 8 
-1 44 6.0 91 12 .. 5 25 3.4 。 1975 681 93.3 524 71.8 674 92.3 
+1 5 0. 7 115 15.8 31 4.2 
-1 42 5.7 123 16.8 13 1. 8 。 1976 683 93.3 491 67.1 695 94.9 
+1 7 1. 0 118 16.1 24 3.3 
-1 22 3.0 105 14.4 4 0.5 。 1977 692 94.8 534 73.2 691 94.7 
+1 16 2.2 91 12.5 35 4.8 
-1 5 0. 7 81 11.1 12 1. 6 。 1978 675 92. 5 566 77.5 693 94.9 
+1 50 6.8 83 11.4 25 3.4 
-1 3 0.4 52 7.1 11 1.'5 。 1979 657 90.0 633 86.7 685 93.8 
十1 70 9.6 45 6.2 34 4. 7 
-1 1 0.1 17 2.3 ・9 1. 2 。 1980 645 88.l 696 95.1 702 95.9 
十1 86 11.7 19 2.6 21 2.9 

-1 155 2.7 613 10.5 92 1. 6 。1973～1980 5386 92.2 4589 78.5 5544 94.9 
+1 303 5.2 642 11.0 208 3.6 
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the A.E. are around士0'!0010for the longitude，土0'!003for .the latitude and ±0'!00006 

for the horizontal parallax. 

6. Nutations 

Programs for th巴 nutationsar巴 basedon Woolard’s (1953) formulas. The JHD司

data have be巴ncompared with th巴 USNAO-dataincorporated in the FLE. Discrepancies 

USNAO-JHD 町巴 lessthan ±0'!000 003 in th巴 longit'udeand ±0'!000 001 in the obliquity. 

On the other hand, about 30% of the A.E.-data differ from the JHD-data by ±1 at the 

printed last decimals, 0'!001, both in the longitud巴 andobliquity. These discr巴pancies

may be attributed to the simplification adopted in the A.E.-calculation ' scheme as ex-

plained by Wilkins (1954). 

7. Concluding remarl{s 

The discrepancies in the ephemerid巴sbetween the A.E. and the TAO/JHD sur-

veyed above might be regarded as permissible in th巴 past. However, we can nowadays 

compute the ephemerides as precisely as W巴＇wantby making us巴 ofcomput巴rwhenever 

the basic theory is rigidly provided. The agreement in the Moon’s ephemerides between 

the USNAO and the JHD is its good example. On th巴 otherhand, it may be practically 

difficult to compute the data which are exactly identical with those printed in the A.E. 

If computer programs will be constructed strictly in accordance with the basis of Newcomb’S 

Tables of the Sun supplemented by the d巴scriptionin Section 2. 2 of the present paper, 

anybody may b巴 abl巴 tocompute th巴巴phemeridesof the Sun which ar巴 exactlyidentical 

with th巴 JHD/TAO嗣巴phemeridesas far as the soft-and hard司 waresof computer permit. 

It has been announc巴d(e.g. S巴idelmahn, 1979) that the A.E. for the y巴arsof 

1984 onwards will be provided both in printed style and on machin巴 readableform to 

which a rewritten explanation with a glossary of terms used in the computation will 

b巴 attached. With the general availability of computers, many A.E.-users inside and 

and outside of astronomy have become to want to calculat巴 theephemeris data by them‘ 

s巴lvesinstead of copying the A.E.-data. In such cases, th巴 figuresin the int巴rnational

ephemerides are used to examine their own programs. Accordingly th巴 datain the in-

ternational ephemerides ar巴 requiredto be strictly in accordance with the basic theories 

by far than the past. Hence, we consid巴rthat the new international ephemerides should 

be computed by at least two institutes independently using differ巴nttypes of computer, 

and that the explanation attached to the ephemerides should be described su伍cientlyin 

d巴tailso that anybody can compute the ephemeris data which exactly agree with those 

in the interna.tional ephemerides by the appropriate use of comput巴r. It may be slso 

useful for the program check by the users to provid巴 theephemerides and some int巴rme-

diate data, such as the valu巴sof the arguments, for sample dates covering a long interval 

of time, regardless to the actual accuracy of the figures as ephemerides, for example, for 

the beginnings of every century from B.C. 10000 to AD. 10000. 

The authors are greatly indebted to Messers. K. Onodera and S. Hutinoue, 

Astronomical Division of Hydrographic Department, for their assistance in th巴 computa”
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tion and data comparison. 
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