FRAGMENTS FROM ANISOTROPIE
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A
GENERAL CHARACTERISTICS OF THE EXPERIMENTS ON THE PARACONICAL PENDULUM WITH ANISOTROPIC SUPPORT, AND THEIR RESULTS

1.
Experimental conditions



The pendulum utilized

1-
Although I used various types of pendulum in succession, I will limit myself to a very summary description of the arrangements I used most generally.

The appended photographs represent the overall arrangement of the pendulum and its support.

The pendulum was an asymmetric pendulum consisting of a vertical bronze disk of 7.5 kg, 21.8 cm in diameter, fixed upon a bronze rod suspended from a stirrup E made from bronze, which itself rested upon a steel ball 6.5 mm in diameter which was able to roll in any direction upon a plane horizontal surface S.
This surface itself rested upon a cutaway circular support S' made from aluminum having an appendix A, of thickness 4.5 cm. The cutaway allowed the swinging pendulum to rotate through a total angle of 210 grades. This support S' was supported by three micrometric screws V attached to a support S" which was bolted to a beam, itself clamped against the ceiling by a system of beams.
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With the rod of the pendulum and its stirrup weighing 4.5 kg, the total weight of the pendulum was 12 kg, and the length of the equivalent simple pendulum was about 83 cm.

The steel balls were high precision S.K.F. balls, and the bearing surfaces were of tungsten carbide and cobalt. I called this pendulum paraconical because of its suspension upon a ball.


Experimental procedure
2-
The experiments were performed in the basement where my laboratory was located, and the center of gravity of the pendulum was about 1.5 m below the natural surface of the ground.
The pendulum was released from a stationary position every 20 minutes with an initial amplitude of about 0.11 radian, by burning a thread.
 The movement of the pendulum was observed for about 14 minutes, by sighting the point of a needle which projected from its bottom and which was 105 cm from the center of the ball.

Generally, the point described a curve which could be considered as a flattened ellipse, of which the plane of the major axis was observed with a system of sights placed upon a circle C, centered upon the axis of the pendulum at rest, and bearing a division into grades and a vernier. This system made it possible to determine the azimuth of the plane of oscillation of the pendulum to an accuracy of the order of a tenth of a grade.
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Furthermore, a system of two movable parallel bars which could be shifted with respect to the measurement circle made it possible to measure the two axes of the pendulum in centimeters, and to determine the azimuth of the plane of the disk, i.e. of the central trihedral of inertia of the pendulum.
At the end of 14 minutes the pendulum was stopped. Six minutes afterwards it was released again in the plane of the last observed azimuth. The sequential azimuth observations were accordingly enchained, successive releases being performed every twenty minutes, day and night. Each period of 24 hours accordingly included 72 enchained observations.

In order to avoid any systematic influence, the ball supporting the pendulum was changed for each experiment, every 20 minutes, and the surface S was changed at the start of each week of observation.


Anisotropy of the support

3-
The support S" was characterized by a very slight difference of elasticity in two perpendicular planes. Due to this anisotropy of the support, the plane of oscillation tended to bring itself to a plane in a direction Σ perpendicular to the beam, whose azimuth was about 171 grades, counting the azimuths from the North in the direct sense.

There also resulted an average tendency to form ellipses, when the pendulum was released in a different plane.
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Continuous enchained observations

4-
During each continuous series of enchained observations, day and night, the observers worked for average shifts of 3 hours each.

As far as I know, this is the only example in the literature of observations carried out in a continuous manner for durations of the order of a month.
,
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B

IMPLEMENTATION OF AN ISOTROPIC SUPPORT

1.-
Experimental arrangements


The goal

1-
During the year 1959 I was able to implement an approximately isotropic
 support, i.e. one which had no effect of convergence to a specific direction. My objective was to eliminate, as much as possible, any anisotropy derived from the support arrangements.

It was necessary, not only to determine the direction of anisotropy of space at each instant, but also to examine the influence of the suppression of the anisotropy of the support on the periodic anomalies noticed previously.


The support

2.-
The support which was implemented was very massive. A square steel plate S" 130 cm on a side and 2 cm thick, weighing 230 kg, was clamped to the ceiling by a system of beams. Three cylinders (20 cm in diameter, 30 cm high, and weighing 65 kg) supported a triangular plate weighing 150 kg, in which a cutaway circular support S' of 34 cm in diameter and weighing 6.5 kg was able to turn.
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During each elementary experiment, the appendix of the cutaway support was oriented in the direction of the initial plane of oscillation. Thus, the influence of the appendix remained the same, whatever was the azimuth of the initial plane of oscillation, at least to the first approximation, and the pendulum could oscillate in all directions.

The horizontality of the bearing surface S which carried the ball was set within less than about 10 sexagesimal seconds, its inclination being accordingly utterly negligible.
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2.-
A support with practically no anisotropy 
The measurement of the anisotropy of the support was performed by following the same method as for the paraconical pendulum with anisotropic support.

In fact, the observed anisotropy results from two elements: the anisotropy of the support, and the average anisotropy of space.
Measuring the anisotropy of the support. Five series of correlation experiments

1.-
Table I presents the results obtained from five series of experiments upon correlation with azimuth, performed between 24 September and 16 October 1959. Each series of experiments included 20 elementary 14 minute experiments.
The correlation calculations made it possible to determine the azimuths Σ1 and Σ2 in the relation
(1)
Φ' = a0 + a1 sin 2(Φ-Σ1) + a2 sin 4(Φ-Σ2)

representing the movement of the pendulum in each azimuth during each experiment of 14 minutes.

Overall, the variations of the angles Σ1 and Σ2 were of much greater amplitude than in the previous correlation experiments with azimuth in the case of the anisotropic support, because the angles Σ1 and Σ2 varied respectively over intervals of 100 and 70 grades during the period considered. The angle Σ corresponds to an azimuth for which the sum of the sinusoids corresponding to Σ1 and Σ2 cuts the ordinate axis equal to the value of this sum from top to bottom starting from the highest summit. [sic]
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For the five series of experiments
, the averages of the azimuths Σ1, Σ2 and Σ determined by the calculation are near the azimuth of the direction South-North.



A practically isotropic support

2-
A very major difference appeared between the results of Table I for the new support and those of Table X of Chapter I which related to the anisotropic support.

Both for the angles Σ and for the minor axes 2b, the second harmonic coefficients a2 and 2b2 were of the same order of magnitude as the first harmonic coefficients a1 and 2b1, while in the case of the anisotropic support the coefficients a2 and 2b2 were about 50 times smaller than the coefficients a1 and 2b1. This structure, entirely different from that for the anisotropic support, is completely incompatible with any effective anisotropy of the new support.
This realization makes us appreciate that the effect of anisotropy of the support can be considered as practically nil, at least to the first approximation, and that the measured effects correspond to the variation over time of the anisotropy of space.

The average anisotropy of space during the experiments performed
3-
If we consider the correlation

(2)
Φ' = a0 + a1 sin 2(Φ-Σ1)
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we have, in grades per minute, for the average of the five series of experiments (Table I)

(3)
Φ' = 0.018 – 0.051 sin 2(Φ-405.8)

i.e., in radians per second, 
(4)
Φ' = 0.471·10-5 – 0.133·10-4 sin 2(Φ-405.8)

The corresponding anisotropy is about 13 times more feeble than the anisotropy due to the anisotropic suspension.

Since I have been led to consider that it cannot be attributed to the anisotropy of the support, it corresponds to the average anisotropy of space during the experiments performed.
� This pendulum was used, in particular, in the month-long series of observations of November-December 1954, June-July 1955, July 1958, November-December 1959, and March-April 1960.


� These four photographs are reproductions of Annexes I through IV of my Note of 13 November 1957 to the Academy of Sciences "Observations of the movements of a paraconical pendulum".


� The direction of these beams is shown in Annex I by the vector PQ. This vector is perpendicular to the beam which supports the pendulum.


� The corresponding period of oscillation of the pendulum T = 2π√l/g was 1.826 seconds.


The moment of inertia B of the pendulum about an axis passing through the center of the ball and perpendicular to the disk was 83.11·106, and the moment of inertia A of the pendulum about an axis passing through the center of the ball and parallel to the disk was 82.89·106, in CGS units. The coefficient of asymmetry δ = 2(B-A)/(B+A) was accordingly 0.269·10-2. The moment of inertia C of the pendulum about its vertical axis was 270·10-3. The gyrostatic coefficient γ = 2C(A+B) was accordingly γ = 0.325·10-2.


� The amplitude selected was based upon the maximum value for which the ball did not skid upon the surface S.


During a 14 minute experiment the amplitude decreased from 11 cm to about 9 cm.


� This distance l' = 105 cm is naturally different from the length l = 83 cm of the equivalent pendulum.


� Thus, 2160 20 minute experiments were included in a month-long series of observations.


� This direction Σ was parallel to the vector PQ (note 3 above).


� This influence of the support was determined in a precise manner by experiments of releases in different azimuths, while eliminating the influence of time by random choice of starting azimuths (see §E.3 below).


� The number of observers was seven on average. During the simultaneous experiments of 1958 at Bougival and Saint-Germain (Section C below) the total number of observers was accordingly fourteen.


These observers were IRSID technicians working overtime. Their professional conscientiousness was remarkable.


� The experiments of Esclangon (Chapter IV, §B,2, below) were performed over about a year, but they only included, on average, about 15 observations per month.


The experiments of Miller were indeed performed in a continuous manner, but only for durations of 6 to 8 days at four different epochs of the year (Chapte IV, §C.3, below).


� It was possible to perform certain experiments in 1954 with a long pendulum suspended on a wire, thanks to a circular opening about a meter in diameter which was bored between two rooms of the laboratory one above the other (note 6 of §B.1.5 of Introduction, above).





� Allais: - Paraconical Pendulum. Implementation of a Support, being as Isotropic as Possible, IRSID, 5 November 1959, 10 p.; -Paraconical Pendulum with Isotropic Support. Determination of the Variations over Time of the Characteristics of the Correlation of its Movement with its Azimuth, IRSID, 10 November 1959, 7 p.


� My objective was also to eliminate any anisotropy deriving from the suspension arrangements of the paraconical pendulum, due to the stirrup associated with the appendix (Chapter I, §A.1.1 above).


� This cutaway support was analogous in conception to the cutaway support of the anisotropic suspension (Chapter I, §A.1.1 above).


� Whereas beforehand the plane of oscillation of the pendulum could only shift through a total angle of 210 grades (Chapter I, §A.1.1 above).


� See above, Chapter I, §B.3.3.``````


� See above, Chapter I, §E.3.


� For the same experiments, I took the trouble to determine the value of the angle φ of the plane of the disk with the initial plane of oscillation, such that during a 14 minute experiment the Foucault effect of -2.94 grades (i.e. -0.21 grades per minute) should be compensated, on average. This angle φ corresponds to an average nil value of the quantity a0, and is of the order of 4 grades (Table II).


It is accordingly the case that the average of the a0s of experiments 2, 3, 4, and 5 of Table I, i.e. +0.049 grades per minute, is much less in absolute value than the value |a0| = | -0.104 | of the first experiment (quite comparable to the average of -0.127 of the a0s in Table X of Chapter I, §E.3., p. 180).


(continuation of the previous note)


I remind the reader that the Foucault effect of -0.550·10-4 radian per second corresponds to an effect of �0.21 grade per minute (see above, Chapter I, §E.3.3, p. 178).


The angle φ only appears to have an appreciable effect upon a0.


� All situated between 7h 20 m and 19h 40m.


� This induction is entirely confirmed by analysis of the series of observations of November-December 1959 and March-April 1960 (§D.2 above).


� 0.677/0.051 = 13.3 (Table X of Chapter I, §E.3.3, and Table I above).


An analogous calculation can be made by considering the estimates of the small axis of the ellipse. We then have 0.174/0.018 = 9.67. However, the calculation performed from the Φ' is more precise. The estimates of the small axis of the ellipse are, in fact, not as good as those of the azimuths.





