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Abstract

  The paper discusses the hyperbolic (Bolyai-Lobachevsky) theory of relativity in the form given by the writer at the previous Budapest conference [1] and previous PIRT London conferences [2]. The writer’s viewpoint is substantially different to that of Ungar [3].

  A basic concept in the hyperbolic theory is rapidity w given by tan-1(v/c) which replaces ordinary velocity v.  Velocity is always less than the velocity of light c but correspondingly rapidity may become infinite.  A scaled version cw of rapidity is the hyperbolic velocity V.  Corresponding to the velocity space of the interior of a sphere of radius c there is the infinite hyperbolic space of hyperbolic velocity V which is the kinematic space. The sphere of velocity space is Beltrami’s model of this kinematic space.

  An interesting axiomatic question was raised by Borel's assertion [4] that the principle of Special Relativity is equivalent to the assumption that kinematic space is a hyperbolic space with negative radius of curvature equal to the velocity of light.  Borel did not justify his assertion in detail and this has not been attempted so far by others.  Certainly it ensures validity of Einstein's principle of the constancy of the speed of light but it leaves open the question of whether the hyperbolic nature of the velocity space explains all phenomena of the special theory.

  A further question concerns the nature of space itself which has importance for the philosophy of Special Relativity. It seems possible that to avoid questions and difficulties concerned with absolute velocities and existence of the aether, space should also be assumed hyperbolic and not Euclidean.  This assumption, implicit in Varićak's work [5], has not been followed up by other writers on the theory of special relativity. Certainly at terrestrial distances any deviation from Euclidean is beyond observation and so space is effectively Euclidean  But for philosophy and cosmology the question of whether it is actually Euclidean has meaning. If space is hyperbolic then much discussed problems associated with absolute motion and the nonexistence of the aether may just disappear. Equivalence of all observers is assured and the way might to be open for the reintroduction of the aether

  The assumption that space, i.e. the universe, is hyperbolic leads naturally to Milne's theory previously discussed in these conferences by Prokhovnik [6], Wegener [7] and the writer [8]. The Milne model is essentially the same as the asymptotic form of the negative curvature case of the Friedmann model  It fits in beautifully with the hyperbolic kinematic representation, the observable sphere of the universe mapping linearly into the sphere of velocity space of recession velocities.  The Hubble law for recession velocities can be restated in a very natural way in terms of hyperbolic velocities, hyperbolic distances and modified redshift [8].  Using comments of Prokhovnik [6] it can be shown, that this law agrees well with the observations of Humanson et al. [9] on nebula recession.

  Special Relativity borrowed Cartesian frames from classical physics.  If the space of physical phenomena is hyperbolic then using Cartesian frames of reference implies a nonlinear mapping or projection of physical space into the observer's Cartesian frame which would have importance for velocities and other vector quantities.  This situation is already envisaged by the General Theory of Relativity but for the Special Theory what is needed more than tensor calculus is an appreciation of the geometric features of hyperbolic geometry.

A basic example occurs in Einstein's combination of velocities which contracts in one direction (equivalent to the Lorentz contraction)   Using only simple hyperbolic trigonometry this contraction is simply explained by hyperbolic-to-Cartesian projection [1].  Related but more subtle ideas arise with the Mocanu paradox [1]

  A well known indication of the curved nature of kinematic space is the rotation effect due to parallel vector transport explained in the early paper by Borel [4] and afterwards known as the Thomas precession.  It may be shown how the theory of this precession as given by Thomas himself fits in very well with the matrix representation of relative velocities in hyperbolic special relativity [1].
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