
The 3-df pendulum as a sensing device for detecting gravitational field anisotropy: A Poincaré-like isomorphism for mechanical biresonance.  
R. Verreault, University of Quebec at Chicoutimi, Saguenay, Canada G7H 2B1, rverreau@uqac.ca
The usual analysis of the Foucault pendulum considers a point mass moving on a spherical surface. However the physical mass extension contributes a third degree of freedom which takes the form of a spin about the suspension line. The torsion pendulum constitutes an extreme version of the 3-df pendulum. Historically, Foucault pendula never rigorously performed as expected. As early as May 1851, G.B. Airy, Astronomer Royal, had established that the non linear restoring gravitational force induced some spurious precession of the major axis when the pendulum bob described elliptical trajectories. A major improvement occurred in 1879 with the doctor thesis of a certain Heike Kamerlingh Onnes, who demystified some of the unwanted elliptical orbits of the pendulum as being caused by suspension anisotropy. Nevertheless, the Foucault pendulum has no classical exact solution even today.
Maurice Allais, in 1954, appears to be the first experimenter to have related the anomalies of a 3-df pendulum to Space anisotropy. In short, the short pendula (<1 m) such as his are highly nonlinear and show mainly sensitivity to field and/or suspension linear anisotropy (see next paragraph). On the other hand, a preferred sensitivity to circular anisotropy was demonstrated by the torsion pendulum of Saxl and Allen in 1970, by the long (17 m) Verreault pendulum in 2001 and more recently by the very small (10 cm) Pugach torsion devices. Despite the mathematical complexities, the symmetry properties of the pendulum response to its immediate gravitational environment, be it from suspension geometry or from geometry of the surrounding bodies, can be visualized through an isomorphism between the pendulum oscillation states and the points on a spherical surface. As in the case of the Poincaré sphere representing the space distribution of the polarization states of light progressing throuth an anisotropic medium, the time evolution of the states of a pendulum oscillating in an anisotropic environment can be visualized by rotating a similar Verreault-Poincaré (VP) sphere about especially defined axes. This approach constitutes essentially a dual theory to Poincaré's Théorie de la lumière, Paris, 1892. The two representations 1) of the polarization states of the light and 2) of the oscillation states of the pendulum appear to be duals of one another. The proposed name for the dual phenomenon of birefringence is “biresonance”.  Contrary to birefringence which is essentially wave-number invariant, biresonance is frequency invariant.
Hence a planar oscillation of the pendulum corresponds, on the VP sphere, to an equatorial point whose longitude equals twice the azimuth of that plane. A circular orbit, left-handed (right-handed) as seen from the suspension point, corresponds to the north (south) pole. A left-handed (right-handed) elliptical orbit corresponds to a point of the north (south) hemisphere whose longitude is twice the azimuth of the major axis and whose latitude is twice the inverse tangent of the minor to major axis ratio. Linear anisotropy means different swinging eigenfrequencies for two orthogonal planar vibrations. Circular anisotropy means different angular velocities for the two left- and right-handed circular modes. A given anisotropic environment determines two orthogonal eigenmodes which remain unchanged with time and which determine a diametrical axis of the VP sphere: the eigenaxis. Any initial pendulum state must be resolved along the eigenstates into components which build up a phase difference with time due to the different frequencies. The resulting state at a given time is obtained by turning the sphere about the eigenaxis through an angle equal to the phase difference. A pure harmonic oscillator would be characterized by a fixed eigenaxis. Then, the state representative point on the VP sphere would in general describe, as a function of time, a small circle turning ccw about the high frequency eigenstate. The nonlinear behavior of pendula results into a moving eigenaxis, with correspondingly deformed (noncircular) trajectories of the representative point. With 3-df pendula, angular momentum conservation yields a coupling between the spin angle of the pendulum bob and the precession angle of the orbit major axis, with corresponding modulations of major-axis azimuths on the VP sphere.
Once that powerful graphical representation is understood, the various kinds of 3-df pendula can be interpreteted efficiently in terms of the symmetry and magnitude of the surrounding gravitational field. When started under a certain range of initial states, strongly nonlinear, short-length pendula have a tendency to precess toward the low-frequency axis. Allais recognized that property and operated his pendula in month-long chained experiments restarted every 20 minutes. In the absence of external influence, the precession angle would tend asymptotically toward the low-frequency azimuth, which is determined by the pendulum's own inherent anisotropy and which is fixed relative to the laboratory referential. From his findings, that asymptotical axis was slowly wandering about the predicted azimuth, in phase with the Moon position. This calls for the existence of a "linear biresonance" connected with the Space gravitational field generated by the Moon.
On the other hand, the very long Foucault pendula have a preferred tendency to detect "circular anisotropy", in the form of precession. Once the precession contributions originating from the Earth rotation and from the suspension anisotropy have been considered, some excedent precession in phase with the various components of the lunisolar tides are significantly detected, which calls for the existence of "circular biresonance" connected with the gravitational field. There is evidence that the torsion pendula also detect circular biresonance of Space. In conclusion, it seems that the various 3-df pendulum experiments since 1954 would detect some axial and rotational symmetry of Space not described by the Newton/Einstein theories. However, Prof. Santilli’s theory appears readily compatible with the above experimental evidence, considering the uncurved isominkowskian space and especially the spin possibility for gravitational interaction, as stated at the end of section 2.13 in  «R.M. Santilli, Int. J. Mod. Phys. D7(1998), 351-407, http://www.santilli-foundation.org/docs/Santilli-35.pdf ».



