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On the motion of planets when one supposes that the attraction
iIsrepresented by either the electrodynamical law of Gauss
or that of Weber.

Note byF. Tisserand

Translated by D. H. Delphenich

One might demand to know what would happen if the motibtiseocelestial bodies
in our planetary systems were governed, not by Newtowslat by one of the laws that
were proposed in electrodynamics by Gauss and Weber:
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The force that is exerted between two molectdeandM’, of massesn andm’, is
supposed to act along the likBM “; r denotes the distan®&M ', u is the relative velocity
of the two molecules, andy or Ry is the intensity of the force. The constanwhich
represents a velocity, is very large with respeat; tif it can be regarded as infinite then
one will get back to Newton’s law.

| have examined the question f&; on another occasion (C. R. Acad. Sci. Paris, 30
September 1872), and | was led to the followingltss

When one giveh values that are comparable to the speed of ligbtsubstitution of
Weber’s law for that of Newton will produce onlygtigible periodic inequalities in the
elliptic elements of the planets. The longitudg@efihelion is an exception to that; it will
contain a secular term whose expression is:
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it will become more noticeable as the planet gketser to the Sun. (One has usee, n,

m to represent the semi-major axis, eccentricityamaotion, and the sum of the masses
of the planet and the Sun, resp.) If one supptdsas is equal to the speed of light
(300000 km/s) then one will find that under the diyesis of Weber's law, the major
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axis of the orbit of Mercury will rotate in the diresénse by 14"4per century. For
Venus, the variation will be only 3'0and it can have no appreciable effect during
several centuries, due to the slight eccentricity ofitde The mean longitude of the
epoche is also affected with a small secular term thatt@ios €* as a factor and as is
known, that will have as a consequence, moreoverthbeamnean motion will be altered
very little, or rather, the theoretical valueaothat shows up in the perturbations.

Upon reading the beautiful book by BertraBdr la Théorie mathématique de
I'Electricité, in which the electrodynamical formulas that wereppsed by Gauss and
Weber are compared to each other, | was led to make ltheat®n for the former that |
had made previously for the latter, and upon applying the knownulas from the
variation of arbitrary constants, | effortlessly foluthat:
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One sees that the displacement of the periheliorafgiven time is roughly twice
what it will be under Weber’s law. With the valuelofhat was adopted before, one will

then obtain:
oy = + 28.2
per century for Mercury.

Le Verrier found that the attraction of the planetsst make the perihelion of
Mercury rotate in the direct sense by 5Z¥er century. A discussion of the set of
observations of the planet, and above all, its passagess the solar disc, showed him
that the real motion is greater by"38 That excess is very certain, due to the large
eccentricity of Mercury; moreover, it was confirmedthg recent research of Newcomb.
On the other hand, it is impossible to obtain it bgirafing the perturbing masses without
introducing some intolerable contradictions with theotles of the other planets.

That is why Le Verrier was led to hypothesize the eris¢ of an intra-Mercurial
planet, which is a hypothesis that one could have belivde realized plainly at some
point. However, the mass of that planet would haveetoelatively large, so one could
not fail to see it during total eclipses of the Sun thatewobserved so carefully during the
last twenty years. In the absence of a single plame might also assume with full rigor
that there exists a ring of corpuscles between Mercuiytlaen Sun that is analogous to
the ring of asteroids that is found between Mars andelupThe question remains open,
without having been resolved. It is curious to remark @aiss’s law explains the 3/4 in
the excess that pertains to i} Without also appreciably disturbing the agreement that is
realized by Newton’'s law in the theory of celestialtimos. | shall confine myself to
pointing out that coincidence without actually pretendirsg tBauss’s law is the true one.

The element has a secular inequality:
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(™) It will be explained completely when one gilea value that is equal to 6/7 of the speed of light.
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that is much more noticeable than the one that ienglty Weber’s law, but it will
nevertheless have no appreciable effect, for the ngasd was pointed out already.




