Note of 13 November 1957

__________________________________________________________________________

MECHANICS  — Harmonic analysis of the movements of the paraconical pendulum
Note (*) by Mr. Maurice Allais, presented by Mr. Albert Caquot.
___________
Harmonic analysis of the movements of the paraconical pendulum exhibits very significant periodic components of the order of 24h and 24h 50m. This periodic structure cannot be considered as being due to perturbations of a random nature. Neither can it be considered as resulting from the indirect influence of temperature, pressure, or magnetism.
1.  During the years 1954-1955, seven continuous series of chained observations of the movement of the paraconical pendulum were performed, three of a month, two of fifteen days, and two of one week (1).  As illustration, I append as Annex 1 a graph of the azimuths observed from 7 June 12h UT to 12 June 14h UT.

2.  The sequence of azimuths of the plane of oscillation of the paraconical pendulum observed over one period constitutes a temporal series which can be analyzed by various means: graphic representation, harmonic analysis (Buys-Ballot filter, adjustment to a given group of oscillations by the method of Darwin or the method of least squares, periodogram, and correlogram), or representation by auto-regressive schemes. The results obtained can be appreciated as a function of three criteria: 1° – the probability of obtaining, by chance, a greater amplitude for a harmonic component than a given value (2); 2° – agreements in phase for the two series of 15 days into which a series of 30 days can be divided; 3° – the delicacy of the adjustments, which are characterized by a small dispersion of points around the sinusoid of adjustment.  From all these analyses applied to our diverse series of observations, I have formed an absolute conviction that the series of observations which I obtained present a remarkable periodic structure. The process of analysis by periodogram and correlogram shows notable evidence of the existence of periodic components of the orders of 12h, 24h, and 25h.

3.  For simplification, I shall limit myself here to indicating the results obtained from an overall harmonic analysis in relation to the 13 waves of  the theory

of tides, applied to a series of observations over 30 days in June-July 1955, and, for comparison, to the series of atmospheric pressures observed at Bourget during the same period. The results obtained by the National Hydrographic Service and by the Hydrographic Institute of Hamburg are given in Annex II. The components K1 and M1 of the series of azimuths are very significant. It should be remarked that the total of percentages relative to the atmospheric pressure is about four times smaller than for the azimuths, although atmospheric pressure is not a purely random parameter and contains luni-solar components which are well known. For indication, I include in annex III the graph of adjustment obtained directly by application of the method of Buys-Ballot to the series June-July 1955 for the wave of 25h.

4.  The minor elliptic wave M1 of June-July 1955 of diameter equal to 10.46 g can be represented by the relation A=0.082 sin qt rad, with q≈0.16·10-4, t being counted in seconds. The maximum speed of angular displacement of the plane of oscillation of the pendulum corresponding to this wave only is accordingly 0.57·10-5  rad/s, i.e. about 1/10th of the Foucault effect which is equal to 0.55·10-4  rad/s. It can thus be seen that the total of the above components for the series of azimuths of June-July 1955 is of the order of half of the Foucault effect. The forces in play are accordingly of similar order of magnitude to the Foucault force which is due to the Coriolis acceleration.
5.  If the observed variations were purely accidental, it would have to be admitted that they were essentially due to random influences from the support balls. Thus, if there were two doubly chained series, the even-numbered observations with the even-numbered observations, and the odd-numbered observations with the odd-numbered observations, would necessarily behave independently from one another, because the support ball was changed with each experiment. However, five series of continuous observations, four series of 14h and one series of 90h, showed that the movements of the plane of oscillation in the two series were similar. These experiments made it possible to evaluate the type of departure of the random influence of the support balls for each elementary experiment of 14m as ε=2.5 g. Taking account of the influence of rappel ??? of the support S" (1), it follows that the confidence interval for the variation which can exist between the two series of independent observations is ±12.5 grades. Thus the influence of the support balls is noticeable, but cannot explain the variations of azimuth observed, which were of the order of a hundred grades.

6.  In order to examine whether the variations of azimuth which were observed could be considered as due to amplification of a known phenomenon, I proceeded
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by subjecting the following variables to harmonic analysis for the same periods: the temperature in the laboratory and at Bourget, the atmospheric pressure in the laboratory and at Bourget, the magnetic declination, and the Bartels K number and the Wolf Number (solar activity); and I compared the results of these analyses with those for azimuth, from the points of view of both amplitude and also phase. If one of the phenomena which corresponded to a parameter above could have been considered as the cause of the movements, one would have observed: 1° - an agreement of phase between the cause and the effect; 2° ‑ a similar relationship between the amplitudes for the two periods of 24h and 25h. In fact, this double circumstance did not occur for any of the seven variables above. It is, moreover, necessary to underline that  the graphs representing these seven parameters showed no visible connection with the graphs representing the variation of azimuth of the plane of oscillation of the paraconical pendulum.

(*) Session of 18 November 1957. 
(1) Proceedings, 245, 1957, p. 1697.
(2) Proceedings, 244, 1957, p. 2469.
(Extract of the Proceedings of the Sessions of the Academy of Sciences, 
t. 245, pp. 1875-1878, session of 25 November 1957.)
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