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In classical mechanics, this paper presents the definitions and the relations
of the linear, radial and scalar magnitudes of a pair of particles ij.

Introduction

i) The definitions of the linear, radial and scalar magnitudes of a pair of particles ij, where ~ri

and ~rj are the positions of the particles i and j, are as follows:

§ The linear position ~rij , the linear velocity ~vij and the linear acceleration ~aij , are given by:

~rij
.= (~ri − ~rj)

~vij
.= d(~rij)/dt = (~vi − ~vj)

~aij
.= d2(~rij)/dt2 = (~ai − ~aj)

§ The radial position rij , the radial velocity ṙij and the radial acceleration r̈ij , are given by:

rij
.= |~ri − ~rj |

ṙij
.= d(rij)/dt = [ (~vi − ~vj) · (~ri − ~rj) ] / |~ri − ~rj |

r̈ij
.= d2(rij)/dt2 = [ (~ai−~aj)·(~ri−~rj)+(~vi−~vj)·(~vi−~vj)−[(~vi−~vj)·(~ri−~rj)]2/(~ri−~rj)2 ] / |~ri−~rj |

§ The scalar position τij , the scalar velocity τ̇ij and the scalar acceleration τ̈ij , are given by:

τij
.= 1/2 (~ri − ~rj) · (~ri − ~rj)

τ̇ij
.= d(τij)/dt = (~vi − ~vj) · (~ri − ~rj)

τ̈ij
.= d2(τij)/dt2 = (~ai − ~aj) · (~ri − ~rj) + (~vi − ~vj) · (~vi − ~vj)

ii) The relations between the linear, radial and scalar magnitudes of a pair of particles ij,
they can be obtained from the above definitions, are as follows:

τij = 1/2 rij rij = 1/2 ~rij · ~rij

τ̇ij = ṙij rij = ~vij · ~rij

τ̈ij = r̈ij rij + ṙij ṙij = ~aij · ~rij + ~vij · ~vij

iii) The magnitudes [ ~rij , rij , ṙij , r̈ij , τij , τ̇ij and τ̈ij ] are invariant under transformations
between inertial and non-inertial reference frames.
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