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Chapter 1

General Propositions Relating to
Attractive and Repulsive Forces
Acting in the Inverse Ratio of the
Square of the Distance

C. F. Gauss?3*

Nature presents to us many phenomena which we explain by the assumption of forces
exerted by the ultimate particles of substances upon each other, acting in inverse proportion
to the squares of their distance apart.

Amongst these forces, the first to be noticed is that of universal gravitation, by virtue of
which every ponderable molecule i exercises upon every other such molecule p/, a moving
force, which, if we call the distance r, is expressed by uu’/r? and tends to produce the
approximation of the molecules in the direction of the straight line connecting them.’

If, in order to explain magnetic pheenomena, we assume two magnetic fluids, one positive
and the other negative, two magnetic elements pu, ', will exert, each on the other, a moving
force pup'/r?, acting along the straight line which joins the two elements, repulsively if 4 and
i, are of the same kind of fluid, attractively if they are of different kinds.°

The same is true of the mutual action of the particles of electric fluids upon each other.”

The linear element ds of a galvanic current exerts in like manner on an element of the
magnetic fluid p (if we allow the latter) a moving force, which is inversely proportional to
the square of the distance r; but there is now introduced a new and distinctive circumstance;
the direction of the force is not in the connecting straight line, but is perpendicular to the
plane passing through p and the direction of ds; and the intensity of the force depends not

2[Gau40] with English translation in [Gau43].

3Edited by A. K. T. Assis, www.ifi.unicamp.br/~assis

4The Notes by A. K. T. Assis are represented by [Note by AKTA:].

°[Note by AKTA:] This law is due to Isaac Newton (1642-1727) in 1687. See [New34] and [New99].
Portuguese translation in [New90], [New08] and [New10].

6[Note by AKTA:] This law is due to Charles Augustin de Coulomb (1736-1806). See [Cou88b] with
complete German, Portuguese and English translations in, respectively, [Cou90b], [Ass22] and [AB23].

"[Note by AKTA:] This law is also due to Coulomb, [Cou88a] and [Cou88b] with complete German,
Portuguese and English translations in, respectively, [Cou90a], [Cou90b], [Ass22] and [AB23].
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on the distance alone, but also on the angle which r» makes with ds. If this angle be called @,
then sin 6 - uds/r? is the measure of the moving force which ds exerts upon y; and an equal
force in the parallel and opposite direction is exerted by p on the element of the current ds,
or on its ponderable carrier.®

If we assume with Ampere that the elements ds, ds’ of two galvanic currents act attrac-
tively or repulsively on each other in the straight line which joins them, then the phaenomena
require us to consider this force as acting in the inverse ratio of the square of the distance;
but as having, at the same time, a somewhat less simple dependence on the direction of the
elements of the currents.’

We shall restrict ourselves in this treatise to the three first cases, or to those forces
which are exerted by one element upon another in the straight line which joins them, and
which are therefore simply in the inverse ratio of the square of the distance; although several
propositions will be found applicable, with slight alterations, to the other cases also, the
more detailed development of which must be reserved for another treatise.

]

8[Note by AKTA:] In German: dessen ponderabeln Tréiger. That is, its ponderable carrier, or material
conductor of the current element ds. This law is due to Jean-Baptiste Biot (1774-1862) and Félix Savart
(1791-1841). See [Bio21]; [BS24] and [BS85] with English translations in [Far26] and [BS65]; see also [AC15,
Chapters 6, 16 and 17].

9[Note by AKTA:] André-Marie Ampere (1775-1836). Ampere’s masterpiece was published in 1826,
[Amp26] and [Amp23]. There is a complete Portuguese translation of this work, [Cha09] and [AC11]. Partial
English translations can be found at [Amp65] and [Amp69]. Complete and commented English translations
can be found in [Ampl2] and [AC15]. A huge material on Ampere and his force law between current
elements can be found in the homepage Ampére et I’Histoire de Z’E’lectricité, http://www.ampere.cnrs.
fr and [Blo05], at the homepage of the Friends of André-Marie Ampere, https://saama.fr, and at the
homepage of the Ampere Museum, https://amperemusee.fr/en.
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