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Abstract - The first determination of the perihelion advance of Mercury’s
orbit was obtained by Leverrier from the analysis of the transit contacts of
the planet on the solar disk. He obtained for the advance the value 67’ =
38”.3/century, considering that the value de’, namely the correction of the
variation of the planet’s orbit eccentricity, is negligible. In this paper i7" and
de’ are calculated by the least squares method, on the basis of the meridian
observations used by Leverrier. Thus, we obtain for advance the value 7’ =
42” .8 /century, which is close to the one given in the theory of general
relativity. The same, we obtained the value de’ = —07.044/year, which is
lower in absolute value than Leverrier’s estimation de’ = —07.0806/year.
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1. Introduction

The first determination of Mercury’s advance was obtained by Leverrier and
it was published in 1859 in Annales de I’ Observatoire de Paris (see [5]). To
this end he used the observations of the planet’s transits over the solar disk
of the period 1661-1848. Mercury’s transits over the solar disk take place in
November, in the vicinity of the ascending node of the planet’s orbit, and
in May, in the vicinity of the descending node.

In the vicinity of the nodes the true heliocentric longitude v is practically
reduced to the sum of the mean longitude and of the center’s equation,
and has the following form: v = f(I, 7, e) = f(e + nt, 7, e), where the mean
longitude is [ = € 4+ nt, € being the mean longitude at the epoch and n the
mean motion [2]. Hence the correction of v is of the form

Jv = (e + ton) + 9L (om + 1697) + UL (5e + 15%).

For the 8 transits in November Leverrier obtained small corrections of the
longitude v of Mercury, while for the 5 transits of May he obtained much
more important corrections, which actually increase in time (see [2], [5]).
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Thus, he made a first determination of the advance by considering a linear
time dependence for dv, namely: for the November transits v = a + tb and
for May transits v = a’ + tb’. He obtained the relation: o7’ + 2.72de’ =
07.392, where ¢/ = % and ' = %’;. After a more precise calculation he
obtained:

5’ +2.726¢' = 07.383 /year. (1.1)

Leverrier considered the value of 38”.3/century as perihelion advance,
neglecting de’ (see [5]). He motivates this by resorting to the 397 meridian
observations on Mercury made at Paris Observatory in the periods 1801-
1828 and 1836 -1842. By processing of these approx. 400 meridian obser-
vations, he obtained 195 equations of condition. Analyzing a part of the
195 equations of condition corresponding to the planet’s apparent geocen-
tric longitude, he obtained de’ = —0”.0806 and on the basis of relation (1.1),
reached the conclusion that é7' = 60”7 /century.

Forward, the Leverrier’s result d7’ = 38”.3/century was also confirmed
and specified by Newcomb, who obtained 67’ = 417.24/century [6] by us-
ing in his determinations both the planet’s transit over the solar disk and
meridian observations. The problem was also studied by Clemence, whose
analysis led to an advance of 67/ = 437.03/century (see [3], [4]).

Coming back to the Leverrier’s work described above, namely to this
deviation of 60” /century as against the value of 38”.3/century, we have
tried to determine the value of de¢’ more precisely, by solving the system of
the 195 equations of condition obtained by Leverrier using the least squares
method.

2. The processing of the meridian observations

Besides the unknowns de, dn, deg, dmp in the equations of condition obtained
by Leverrier, namely the corrections of the mean longitude at epoch, mean
motion, eccentricity and the longitude of perihelion at epoch, we shall in-
troduce the unknowns de’ and §7'; thus

de = deg + tbe’ ,
om = dmg + ton',

where ¢/ and 7’ are the annual variations given by Lagrange’s equations.

From the 195 equations of condition we eliminated those for which the
difference between the observed apparent geocentric longitude and the calcu-
lated one is O — C' > 6”. On the whole, we used 187 equations of condition,
which have been improved by calculating the coefficients corresponding to
the unknowns introduced by us. The system of the 187 equations of condi-
tion is:
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0.1420¢ — 6.96n — 0.3436eq — 0.05357¢ + 16.7445¢’ + 2.58767'
0.2460e — 11.96n + 0.3485eg — 0.0736mg — 16.8916¢€’ + 3.54307"
0.1180¢ — 5.76n + 0.3436e¢ — 0.04997m¢ — 16.6378¢’ + 2.37767"
0.0140¢ — 0.76n + 0.3536e¢ — 0.0560m¢ — 17.1146€’ + 2.71567
—0.1496¢ + 7.26n + 0.5478eg — 0.02607) — 26.4505¢" + 1.25757
0.0820¢ — 4.06n + 0.3306e¢ — 0.0485m¢ — 15.9538¢’ + 2.32167"
0.1830¢ — 8.96n + 0.331deg — 0.06357m¢ — 15.9975¢’ + 3.23867"
0.2599e — 12.56n + 0.4315eg — 0.0626m — 20.8256€” + 2.99657"
0.1200e — 5.76n + 0.2426e¢ — 0.0715m¢ — 11.5078€¢’ + 3.37667"
0.0700e — 3.36n + 0.2296¢¢ — 0.07287m¢ — 10.8878¢’ + 3.42367"
—0.0136¢ + 0.65n + 0.2266¢e¢ — 0.08557) — 10.7415¢’ + 4.04087
—0.1670¢ + 7.96n + 0.2956e¢ — 0.12157y — 14.0145¢€’ + 5.74857
—0.2200¢ + 10.46n + 0.0476eg + 0.11157¢ — 2.2285¢’ — 5.26157
0.2050¢ — 9.76n 4+ 0.2536e¢ — 0.07997m¢ — 11.9858¢’ + 3.74267
0.2820e — 13.46n + 0.3675eq — 0.0836mg — 17.3806¢€” + 3.93007"
0.2230e — 10.56n + 0.4245¢eq + 0.0576mg — 20.0486¢’ — 2.69507"
0.1940¢ — 9.26n + 0.3146eg + 0.0755m¢ — 14.8418¢’ — 3.54567"
0.1650¢ — 7.85n + 0.2126eq + 0.0835m¢ — 10.0168¢’ — 3.92167"
0.0370e — 1.76n + 0.0816eg + 0.07997¢ — 3.8235¢" — 3.72957
—0.0670¢ + 3.26n + 0.1436eg + 0.08207¢ — 6.7485¢’ — 3.86957
0.2676¢ — 12.46n + 0.2080ey — 0.09857m¢ — 9.6536¢’ + 4.54867"
0.2040¢ — 9.56n + 0.4185eq + 0.05157¢ — 19.3595¢’ — 2.36267"
0.2580¢ — 11.76n + 0.0576eg — 0.10357m9 — 2.5916€’ + 4.68267"
0.1700e — 7.76n + 0.4076eq + 0.0435m¢ — 18.4568¢’ — 1.95067"
0.0640¢ — 2.96n + 0.3146eg + 0.0530m¢ — 14.2285¢’ — 2.40167"
—0.0196¢ + 0.95n + 0.3316eg + 0.05207) — 14.9935¢” — 2.35557
0.2960¢ — 13.26n — 0.2115eg — 0.10587¢ + 9.4366¢’ + 4.69767"
0.2210¢ — 9.85n + 0.4856e¢ — 0.00557m¢ — 21.5395¢’ + 0.22267"
0.1550e — 6.96n + 0.4326e¢ + 0.02057¢ — 19.1765¢’ — 0.88867"
—0.0038e 4 0.15n + 0.4006e¢ 4 0.0275m¢ — 17.7396¢’ — 1.19767
0.1690¢ — 7.56n + 0.4546e¢ — 0.0075m¢ — 20.0746€¢’ + 0.30967"
0.2283¢ — 10.16n + 0.5085¢eg + 0.0216mg — 22.4506€’ — 0.92857"
0.0340¢ — 1.56n — 0.3196eq — 0.09757¢ + 13.9485¢’ + 4.24167
0.3050¢ — 13.36n — 0.1396eg — 0.11287( + 6.0528¢’ + 4.87667
0.2176¢ — 9.46n + 0.4566e¢ — 0.0285m¢ — 19.8036¢’ + 1.21667"
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0.0876¢ — 3.85n + 0.3906e¢ — 0.02267¢ — 16.8785¢’ + 0.9526 7
0.1996¢ — 8.66n 4 0.0436eg + 0.10057¢ — 1.8558¢’ — 4.31467
—0.0440¢ + 1.96n — 0.4276eg — 0.03957 + 18.2645¢’ + 1.66857"
0.1840¢ — 7.85n — 0.3246e¢ — 0.06007 + 13.8045¢’ + 2.5566 7
0.2930e — 12.56n + 0.3655e9 — 0.084mg — 15.5208¢’ + 3.57267
0.2400e — 10.26n + 0.3995eg — 0.0606m9 — 16.9596€’ + 2.55067
0.1185¢ — 5.06n + 0.3878¢ey — 0.03567y — 16.4275¢" + 1.48607"
0.0058¢ — 0.26n + 0.4028¢e¢ — 0.03867y — 17.0650¢” + 1.61307"
—0.0885¢ + 3.70n — 0.4826eg — 0.010d7y + 20.1558¢’ + 0.17567
0.1585¢ — 6.66n — 0.4025¢¢ — 0.03667y + 16.7485¢" + 1.50007"
0.2866c — 11.96n — 0.3970eq — 0.077d7¢ + 16.5255¢’ 4 3.20557"
—0.2096¢ + 8.76n + 0.4436eg — 0.11067¢ — 18.3735¢’ + 4.56267
0.2250¢ — 9.36n + 0.4096e¢ + 0.06557¢ — 16.8985¢’ — 2.6856 7
0.1880¢ — 7.86n + 0.2266¢q + 0.0865m¢ — 9.3195¢’ — 3.54667"
0.2576¢ — 10.46n + 0.1866e¢ — 0.09657¢ — 7.5515¢’ + 3.89767’
0.1590¢ — 6.46n 4+ 0.2016eg — 0.07997m¢ — 8.1568¢’ + 3.2066 7
0.2590¢ — 10.36n + 0.0596¢¢ — 0.10457m¢ — 2.3395¢’ + 4.12367
0.0868¢ — 3.46n + 0.0456¢e¢ — 0.08667y — 1.7836¢€” + 3.40767
0.2445¢ — 9.65n + 0.5095eg + 0.0156m¢ — 20.0306¢” — 0.59057"
0.1000e — 3.95n — 0.4076eq + 0.02357m + 15.8605¢" — 0.89657"
0.2400e — 9.36n — 0.5116eg + 0.01157 + 19.8115¢’ — 0.42657’
0.2540¢ — 9.85n — 0.5246e¢ + 0.00157¢ + 20.3115¢’ — 0.03957’
0.0028¢ — 0.16n + 0.3608¢¢ + 0.0436my — 13.7950¢" — 1.64807"
—0.0780¢ + 3.06n + 0.4116eg + 0.04157¢ — 15.7448¢’ — 1.57167
0.2310¢ — 8.66n + 0.4856e¢ — 0.02007¢ — 18.1558¢’ + 0.7496 7"
0.1760¢ — 6.65n + 0.4526¢¢ + 0.00207¢ — 16.9125¢" — 0.0756 7
—0.1250¢ + 4.76n + 0.5176eg + 0.00757¢ — 19.3115¢" — 0.26167
0.2510¢ — 9.16n + 0.4366e¢ — 0.0530m¢ — 15.9015¢’ + 1.93367
—0.0016¢ + 0.06n + 0.4278eg — 0.01957 — 15.5508¢” + 0.69267'
—0.0738e + 2.70n + 0.4716eg — 0.02207¢ — 17.1495¢’ + 0.80167
0.1936¢ — 7.06n + 0.4206eq — 0.04157¢ — 15.2378¢’ + 1.48767
0.1885¢ — 6.16n + 0.0316eg — 0.09157m9 — 1.0128¢’ + 2.97167
—0.1260¢ + 4.06n + 0.4906e¢ + 0.02857¢ — 15.3485¢’ — 0.87767'
0.0930e — 2.96n — 0.2276eg — 0.07157m¢ + 6.9765¢’ + 2.18267
0.1400e — 4.26n — 0.2920¢¢ — 0.06497¢ + 8.6965¢" + 1.90667"
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0.1606e — 4.76n — 0.3065eq — 0.0636mg + 9.0605€’ + 1.86557"
0.2670¢ — 7.96n 4 0.4016eq — 0.06997m¢ — 11.8328¢’ + 2.03667"
0.1120¢ — 3.36n + 0.3966¢¢ — 0.03007¢ — 11.6718€¢’ + 0.88467"

0.0640¢ — 1.85n + 0.3236eg — 0.04997¢ — 9.1595¢” + 1.38957

0.0586c — 1.60n + 0.2385¢g + 0.0676my — 6.6775€’ — 1.88057"
0.1420¢ — 4.06n — 0.4126e¢ — 0.02897( + 11.4846¢’ + 0.78067"

—0.0926¢ + 2.66n — 0.4685eg + 0.01157my + 13.0366¢" — 0.30657

0.2156e — 5.96n + 0.2230ey — 0.0846mg — 6.1516¢€’ + 2.31757’

0.1236 — 3.46n + 0.2095eq — 0.0756mg — 5.7615€’ + 2.06757’
—0.0148¢ 4 0.49n + 0.1836eg — 0.09087¢ — 5.0418¢’ + 2.47967'
0.2328¢ — 6.20n — 0.4966e¢ — 0.01057m¢ + 13.2556¢’ + 0.26767

0.0196e — 0.56n + 0.0315eg — 0.0926mo — 0.8250¢€’ + 2.44757’
0.2546¢ — 6.79n + 0.5250¢¢ + 0.00957¢ — 13.8346¢’ — 0.23767
0.2380¢ — 6.36n 4 0.5026e¢ + 0.02357m¢ — 13.2266¢’ — 0.60667"
0.1980¢ — 5.26n 4 0.4186eqg + 0.0485m¢ — 11.0036¢’ — 1.26367"

0.1666c — 4.46n + 0.3495¢eqg + 0.0596m9 — 9.1826€’ — 1.55257"

0.1946e — 5.06n — 0.0215eg — 0.0936mg + 0.5396¢€’ + 2.38757’

0.2596 — 6.66n + 0.0230eg — 0.1046m¢ — 0.5866¢€’ + 2.64957"

0.3260¢ — 8.30n + 0.1885eg — 0.1136my — 4.7850¢€’ + 2.8767
0.2588¢ — 6.69n + 0.5196e¢g — 0.0135m¢ — 13.1746€¢’ + 0.33067

0.1310e — 3.36n + 0.3746eg + 0.04497¢ — 9.4795¢’ — 1.11557

0.3146e — 7.80n — 0.3240¢e¢ — 0.0986m( + 8.0165¢€’ + 2.42557"

0.2776c — 6.85n — 0.2130eg — 0.0996m0 + 5.2680¢€’ + 2.44857’

—0.0500¢ + 1.26n + 0.4478eq + 0.01457y — 10.886¢” — 0.34157

0.3170¢ — 7.46n + 0.3836e¢ — 0.08997m¢ — 8.9995¢ + 2.09157
0.1770¢ — 4.16n + 0.4346e¢ — 0.0235m¢ — 10.1795€¢’ + 0.53967"

0.0540¢ — 1.36n + 0.3876eg — 0.02207m¢ — 9.0125¢" + 0.51257

0.187d¢ — 4.36n + 0.4226e¢ — 0.0385m¢ — 9.820¢” + 0.88457
—0.0868¢ + 2.00n — 0.4016eg — 0.07357m¢ + 9.0916¢’ + 1.65567

0.3296 — 7.46n — 0.2320e¢ — 0.1116mg + 5.2396€’ + 2.50757’

0.1076e — 2.46n + 0.3670eg — 0.0426m¢ — 8.2526¢€’ + 0.94457’
—0.0588¢ 4 1.30n + 0.4146e¢ — 0.0560m¢ — 9.9268¢’ + 1.25767

0.1970e — 4.46n + 0.1856eq + 0.09207¢ — 4.1085¢" — 2.04357

0.048%¢ — 1.06n + 0.0426¢¢ + 0.08157¢ — 0.8905¢" — 1.71757

0.2896¢ — 4.06n — 0.4975e¢ — 0.0516mg + 6.8076€’ + 0.69857"
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0.2730 — 3.79n + 0.0850¢eg — 0.1066m¢ — 1.1596¢’ + 1.44557"
0.1835¢ — 2.55n + 0.1056e9 — 0.0897¢ — 1.4306¢’ + 1.21257"
—0.0056¢ 4 0.16n + 0.2456e9 — 0.0785m — 3.2958¢” + 1.04967’
0.2105e — 2.89n + 0.1346eg — 0.09267¢ — 1.7996¢’ + 1.23557"
0.2305e — 3.15n + 0.4856e¢ + 0.03167my — 6.4806¢’ — 0.41457"
0.0330¢ — 0.46n + 0.2186eg + 0.07067¢ — 2.8916¢’ — 0.92857"
0.1486¢ — 1.96n + 0.4096eg + 0.0386m¢ — 5.3695¢’ — 0.49957"
0.1065¢ — 1.45n — 0.3426ey + 0.05167¢ + 4.3816¢’ — 0.65357"
0.2606¢ — 3.30n — 0.5266eg — 0.00967¢ + 6.7055¢’ + 0.11567"
—0.1416e + 1.86n — 0.2126¢ep — 0.11957o + 2.6765¢" + 1.50207"
0.0405e — 0.55n + 0.0846¢eg — 0.0866m¢ — 1.0496¢’ + 1.07457"
0.2815¢ — 3.59n + 0.5300¢e9 — 0.03067¢ — 6.5716¢’ + 0.37257"
0.2195¢ — 2.76n + 0.4856¢¢ + 0.0176my — 6.0026¢’ — 0.21057"
0.1645¢ — 2.06n + 0.4046eg + 0.04167¢ — 4.9896¢’ — 0.50657"
0.0155 — 0.26n + 0.3296¢y + 0.05067¢ — 4.0496¢’ — 0.61557"
—0.2576¢ + 3.16n + 0.5838¢eg + 0.0535m9 — 7.1558¢’ — 0.65007"
—0.4256¢ 4 5.26n + 0.6168eg + 0.122575 — 7.5278¢’ — 1.49167
0.2118¢ — 2.66n + 0.4650eg + 0.0396m — 5.6525¢’ — 0.47467"
0.1755 — 2.16n — 0.2456eg + 0.08067g + 2.9505¢’ — 0.96367"
0.0878¢ — 1.06n — 0.3730eg + 0.03867m¢ + 4.4760¢’ — 0.45667"
—0.0765¢ + 0.96n — 0.2695¢ey + 0.07157o + 3.2006¢" — 0.84557
0.1706e — 2.06n — 0.3366eq + 0.06467m¢ + 3.9766¢’ — 0.75757"
0.2885¢ — 3.49n — 0.2146e — 0.10367 + 2.5096¢’ + 1.20857"
—0.3136¢ + 3.66n — 0.0346ep — 0.1845mo + 0.3935¢’ + 2.13167
—0.1326¢ + 1.56n + 0.0056eg — 0.125579 — 0.0585¢’ + 1.44567
0.1320¢ — 1.55n + 0.4176eg + 0.02067m¢ — 4.7486¢’ — 0.22857"
0.1045¢ — 1.26n + 0.4056eq + 0.02367¢ — 4.6086¢’ — 0.26257"
0.0205¢ — 0.26n + 0.3976eg + 0.0256 ¢ — 4.5096¢’ — 0.28457
—0.1128¢ + 1.35n + 0.4925¢eg + 0.01857m¢ — 5.5795¢’ — 0.20457"
—0.2115¢ + 2.46n + 0.6048¢eg + 0.015579 — 6.8416¢" — 0.17057’
—0.0375¢ + 0.46n + 0.4108eg + 0.017579 — 4.6095¢" — 0.19157
0.1806e — 2.06n + 0.4636eg — 0.01067¢ — 5.1946¢’ + 0.11267"
0.2336c — 2.60n + 0.5108eg + 0.02067¢ — 5.7106¢’ — 0.22467"
0.0646e — 0.76n — 0.2976eg + 0.05857¢ + 3.2805¢’ — 0.64067"
—0.1835¢ + 2.06n — 0.2478ey + 0.094970 + 2.7066¢’ — 1.03057
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0.2396¢ — 2.60n — 0.4776eg + 0.0446m¢ + 5.1716€e’ — 0.47767"
0.2575 — 2.89n — 0.5228¢¢ + 0.02667¢ + 5.6546¢’ — 0.28257"
—0.0778e + 0.85n — 0.4556e9 — 0.06997¢ + 4.8828¢" + 0.74067"
0.0406e — 0.46n — 0.1960¢¢ — 0.0817( + 2.0945¢’ + 0.86557"
0.1825¢ — 1.95n — 0.2336eg — 0.07767 + 2.4626¢’ + 0.81457"
0.2656¢ — 2.85n — 0.2130e¢ — 0.0976mg + 2.2475¢’ + 1.02367"
0.3265¢ — 3.55n — 0.1066eg — 0.1186m¢ + 1.1176¢’ + 1.24357"
0.2165¢ — 2.30n + 0.4516eg — 0.0316my — 4.7166¢’ + 0.32457"
0.0455 — 0.55n + 0.4178eg — 0.00667m¢ — 4.3436¢’ + 0.06257"
—0.0776e 4+ 0.26n + 0.4436ep — 0.010575 — 4.6085¢” + 0.10467"
—0.1476¢ + 1.56n + 0.55080¢e9 — 0.02257 — 5.7118¢’ + 0.22857
—0.0928¢ 4 0.95n + 0.4675eg + 0.00857y — 4.8015¢" — 0.08267
—0.2016e + 2.06n — 0.0658eg + 0.10857y + 0.6548¢€’ — 1.08757'
—0.2548¢ + 2.55n — 0.5366e9 — 0.10957¢ + 5.1908¢” + 1.05567"
—0.1348¢ + 1.36n — 0.4146eg — 0.08557¢ + 4.0025¢" + 0.82267"
0.3366c — 3.26n — 0.178%¢y — 0.1256m¢ + 1.7078¢’ + 1.19957"
0.3276¢ — 3.16n + 0.2940¢¢ — 0.105679 — 2.8065¢’ + 1.00267"
0.2886¢ — 2.76n + 0.3580eg — 0.0846my — 3.4105¢’ + 0.80067"
0.0205e — 0.26n + 0.3860¢eg — 0.04167my — 3.6516¢’ + 0.38857"
—0.0365¢ + 0.36n + 0.4258e¢ — 0.023979 — 3.9665¢” + 0.21557
0.1520¢ — 1.45n + 0.3500e9 — 0.05367m¢ — 3.2616¢’ + 0.49457"
0.2256¢ — 2.16n + 0.3580eg + 0.07667¢ — 3.3020¢’ — 0.70167"
0.2115e — 2.06n + 0.2678eg + 0.0876my — 2.4606¢’ — 0.74657"
0.1135 — 1.06n + 0.1766e¢ + 0.06967¢ — 1.6166¢’ — 0.63457"
0.1528¢ — 1.46n — 0.0316eq + 0.09367 + 0.2846¢’ — 0.85397"
—0.3216e + 2.86n — 0.7788eg + 0.01457y + 6.8528¢" — 0.12367'
0.1396¢ — 1.26n — 0.4078e¢ — 0.03087¢ + 3.529d¢’ + 0.26057
0.2586¢ — 2.26n — 0.4160e¢ — 0.06267¢ + 3.5946¢’ + 0.53657
0.2945¢ — 2.56n — 0.3936eg — 0.0776mo + 3.3905¢’ + 0.66467"
0.1636c — 1.46n + 0.2976eg — 0.0656m¢ — 2.5360¢’ + 0.55567"
0.0045¢ + 0.05n + 0.2906¢eg — 0.0726m¢ — 2.4686¢’ + 0.61357"
0.1205e — 1.0dn + 0.2826¢¢ — 0.06267¢ — 2.3596¢’ + 0.51857"
0.3366c — 2.89n + 0.4706eg — 0.04867m¢ — 3.8905¢’ + 0.39767"
—0.0198¢ 4 0.15n + 0.2196eg + 0.06957¢ — 1.7695¢" — 0.55767
0.1345¢ — 1.15n + 0.2808¢g + 0.06967¢ — 2.4656¢’ — 0.55657"

+4.2
—0.1
—0.6
—0.2
+2.9
—-14
—4.8
—1.8
—-1.5
—2.2
—4.7
—0.6
+3.2
—24
-1.0
—5.5
-5.3
-5.6
-2.1
+5.1
+1.7
-1.5
—1.7
-5.3
+0.6
-2.9
+0.0
—1.8
-5.1
—-1.5
+2.2
+0.6
+2.8
—4.5
+1.1
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0.2000e — 1.68n — 0.4706e¢ — 0.02307m + 3.7065¢" + 0.18157" = —1.1
0.0140¢ — 0.16n — 0.4076eq — 0.00497( + 3.2055¢’ + 0.03167" = —1.6
0.1216e — 0.96n — 0.4276e¢ + 0.00267 + 3.2995¢’ — 0.01567" = +4.4
0.2020¢ — 1.66n — 0.4646e¢ — 0.01557m¢ + 3.5735¢’ + 0.15567" = +1.8
0.2360¢ — 1.85n — 0.4746e¢ — 0.03007m( + 3.6455¢" + 0.23157" = —0.1
0.3110e — 2.46n — 0.4396e¢ — 0.07757m¢ + 3.3655¢’ + 0.59067" = +0.3
0.3280¢ — 2.56n 4 0.0386e¢ — 0.1195m¢ — 0.2908¢’ + 0.90767" = —2.5
0.1176¢ — 0.96n 4 0.1736e¢ — 0.0799m¢ — 1.3118¢’ + 0.59967" = —5.9
0.0570¢ — 0.46n 4 0.1516e¢ — 0.0819my — 1.1435¢’ + 0.61367" = —4.3
—0.0460¢ + 0.30n + 0.1346eg — 0.09907y — 1.0125¢" + 0.74867" = —3.3
0.2805e — 2.15n + 0.2880eg — 0.0936m¢ — 2.1276€’ + 0.68757 = —2.9
0.3095e — 2.30n + 0.4080eg — 0.0846my — 3.0080¢’ + 0.61957" = —4.0

where the last column represents the weight for each equation of condition.

The system of the 187 equations of condition is solved by the least squares
method.

The general solution is:

de = —27.65+1".35,
on = —07.144+07.05,
deg = —27.07+07.66,
omg = 187.88 +£37.93,
de = —07.044 £07.022,
on’ = 07.428 £07.126. (2.1)
In the general solution we find the values dey = —27.07 and dmg =

187.88. These values are of the same order as the ones corresponding to the
Leverrier’s relation for de and dm based on transits, namely d7 + 2.72de =
107.3 [5].

Also, in the general case we obtain de¢’ = —07.044. If we replace this value
in the relation corresponding to the transits (1.1), namely o7’ + 2.720¢’ =
07.383, we get an advance of 7’ = 50" /century.

Furthermore, in the general solution (2.1) we obtain for the Mercury’s
perihelion advance dn’ = 42”7 .8 /century.

On the other hand, if we take de¢’ = 0, like Leverrier, who considered de’

W NN R W R N R RN
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negligible in the relation (1.1), then solution becomes:

de = —27.90+1".35,

én = —07.16 +07.05,

deg = —07.95+0".34,

dmog = 187.72+37.94,

e = 0,

o' = 07.428 +07.127. (2.2)

We observe in the case ¢/ = 0 that the perihelion advance is also 7’ =
427 .8 /century.

3. Concluding remarks

The value of ¢/ = —07.044/year, obtained in the present paper in the
general case (2.1), is in good agreement with the Leverrier’s suggestion re-
garding d¢’, namely that is negligible. Moreover, this value of j¢/ = —0”.044
is lower in absolute value than Leverrier’s estimation of de’ = —0”.0806.
The result obtained by us for Mercury’s perihelion advance is o7’ =
427 .8 /century, by processing the meridian observations used by Leverrier, is
very close both to the values obtained by Newcomb and Clemence and to the
value calculated within the theory of general relativity é7' = 427.98 /century
(see [7]). This value obtained in a relativistic frame is also confirmed by
radar data processing, where the value d7’ = 427.94/century is obtained

(see [1], [8]).
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