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Parl T (published in the September issue) reviewed and inferpreled the abnormalities observed in the molion of o para-

conical pendulum on an anisofropic suppori.

Part IT describes experiments in connection wiih these abnormalities—relating them lo phenomena noled in mechanics,
optics, and eleciromagnelism-—and concludes that they can be accounted for “only by considering the existence of a new

field.”

THE IREEGULARITIES cobserved in the motion
of a paracomnical pendultun om an anisotropic support, ghose
order of magnitude is of approximately a few millionths of gravity,
do not in fact disagree with any of the experimental resulls ar-
rived at cither in the astronomical domains or on the earth’s
surface. -

The periodic irregular components of the pendulum motion
appear to be in connection with the irregularities cncountered
during the study of multiple mechanical, optical, and electro-
magnetic phenomena—particularly in Michelson, Morley, and
Miller’s teste—and all these irrcgularities can probably be at-
tribnited to the same single source.

It would be advisable fo continue the experimental study of
these phenomena by continuous measurements over a period of
at least 1 month. Such a study is of great interest for the de-
velopment of a unitary theory on gravitation, electromagnetism,
and guanta.

Theory

Part 1 outlined the very remarkable abmormalities
evinced by the motion of a paraconical pendulum with
an anisotropic support. These abnormalities appear
to reveal some shortcomings in the currently accepted
laws of gravitation.

When theory hLas been verified by countless facts,
it is impossible to modify it slightly. In the first
place, an attempt must be made at relating the new
facts observed to the already known phenomena.
H this appears to be impossible, which indeed is the
case as I indicated, one is justified in wondering whether
the abnormalities so noted can be assumed to be
isolated or, again, whether they can he related to other
abnormalities already noted elsewhere.

(A} Abnormalities Noted in the Classical Foucault
Experiment

The bibliography of cxperimental research on the
Foucault pendulum is extensive, but any search
through it cannot fail to reveal two facts:

(1) There is a great scarcity of really significant
Dapers.

(2) The numerical data on the results obtained are
very few.

The ouly impertant experiments on the conical
pendulum with numerical data on the findings are,
to our knowledge, thase of Bravais (1851), Willigen
(18683), Kamerling Cnnes (1879), Longden {1919), and
Dasannacharya (1937-1939).

The experiments conducted by Bravais bore on the
motion of the circular pendulum; those of Willigen,
on the conical pendulum; those of Kamerling Onnes,
on the asymmetrical pendulum; those of Longden,
on various types of supports; while those of Dasanna-
charya bear on the influence of the support. The very
best study by far, both from the experimental and
theoretical standpoints, is that of Kamerling Onnes.**

Taken as a whole, these investigations strike us by
the relative scarcity of observational data. To my
knowledge, the motion of the Foucault pendulum never
was observed continuously, day and night, over a pertod
of time of about o month. Foucault himself never
published the results of his findings other than in a
general form, ! and it is truly surprising to read, im the
very hand of so eminent an experimenter: “Even
though the amplitude of the oscillations decreases
rather rapidly, they are still large enough, some five
or six hours later, to reveal a deviation which is, by
then, of B0 to 70 degrees,” 1% or again: ‘‘Watch m band,
it can be secn that, in Paris, the deviation is one degree
in five minutes.’’ 1

Even though a number of spectacular experiments
have been carried out (1852, the Pantheon, Paris;
1852, Cologne Cathedral; 1902, the Pantheon, Paris;
1904, Hall of Justice, Brussels; about 1930, 5t. Isaac
Cathedral, Leningrad; 1951, Hall of Justice, Brusscls;
1955, United Natious building, New York!?), nowhere
could 1 find the numerical series corresponding to the
observations made. This is a detail which, to say the
least, 13 surprising.

October 1959 +« Aero/Space Engineering 51




The only series I was able to find were {ragmentary,
but they all include substemiial abnormalities, which
are generally ascribed to defects in the support. They
do give a Foucault effect, bui only on an average.

Finally, and to such an extent as might be possible
on the strength of the information currently available,
nobody ever achieved a perfect —w sin A rotation other
than on averages denived from numerous series of
observations.

All the numerical serics of observations now avail-
able—and, incidentally, there is a very small number
of them-—reveal, on the contrary, some variations in
the rate of rotation-as a function of time.

Having brought out these facts, I do not believe
it would be amiss to clanfy the following:

(1) The mean curve of our elementary experiments
bearing on a connected series has exactly the Foucdult
slope as its tangent at the origin, when the oscillation
is in a plane.

Thus our experiments are not by any means in
contradiction with the general result of Foucault’s
experiment as has been claimed all too often,

{2) The support used for the pendulum is anisotrapic,
and it tends, on the whole, to bring back the plane of
oscillation to a given direction.

The effect of this anisotropy is, on the one hand, to
compensate the Foucanlt effect on an average during
a 14-min. experiment and, on the other hand, to cause
the development of ellipses, whereas, in Foucault's
classical experiment, these are nearly planes.

Now there is every reason to believe that the phenom-
ena noted, if they are not due to elliptical oscillutions,
are at the very least amplificd by them, so that it is
cntirely possible for the disturbance to bave a zero
effect when the trajectory is plane, and a substantial
effect a5 soon as the trajectory is elliptical.

{3) The pendulumn used is a shor? one, the length of
which is about ! meter against several meters, indced
several tens of meters, as in the experiments conducted
by Foucault and those who followed him. It is a
known fact that it is very difficult to achieve the
Foucault effect with short pendulums. Abnormalities
are nearly alwuys noted.

(4) "The pendulum used can rofate about itself, whereas,
in the Foucault pendulum, it is bound to the wire
which carries it.

{(5) The motion of the pendulum used was observed
withou! any single interruption, day and night, for
periods running to about a month. This never was
the case with the Foucault pendulum.

Erom all these indications, it is quite clear #hat
nothing 1n the result of my experiments runs contrary lo
those obfained earlier. All the earlier results, on the
contrary, consistently show that there are abnormalities
with respect to which we were quite remiss up to date
so far as the investigation of them is concerned.

{B) Abnormalities Noted in the Realm of Mechanics
The abnormalities noted in the motion of the para-
conic. T pendulum strike me as being closcly related

52 Agre, Space Engineering Oclober 1959

with the difficulties or abnormalities encountered whep
one has to account for a number of dynamic phcnomma'
which, until now, still kave to be explained :

(1) Abnormalities in the tide theory.!

(2) Motions of the top of the Eiffel Tower.®

(3) Size of the deviations to the south noted on
falling bogdies.

(4) Vanations in the amplitude of the deviationg to
the east noted on falling bodies. >

(5) Abnormalities noted in the action of terrestriy
rotation on the flow of liquids (Tumlirz's experiments) 2t

(6) Abnormahties noted in the motion of the hor.
zontal gyroscope of Foppl.*

(7) Abnormalities noted in the experiments carrieg
out with the isotomeograph.™

(8) Abnormalities noted in experiments carried oyt
with a suspended puiley.®

(9) Various abnormalities noted in the geophysical

measurements, ascribed until now to experimenty]
€rrors. -
(10) The apparently unaccountable results obtained
by Louis Pasteur {General, French Medical Corps)
in his experiments on the oscillation of the pendulum
(1954).%

(11) Remarkable characteristics of the solar system,
for which there has been, until now, no satisfactory
explanation.”

To these abnormalities—which are related to motion
—we should add the static types:

{1} The abnormalities of gravity. There is an
excess of gravity over the ocean and a deficiency above
the continents. The theory of isostasis provided only
a pseundoexplanation of this, in my view.?

(2) The abnormalities in the experiments on New-
tonian attraction. There is, on the one hand, some
absorption of gravity (experiments of Majorana®),
but also—and mainly—a variation of the Newtonan
force according to the medium where it is exercised
{Cremieu's experiments™),

Accuracy of the Yerification of the Laws of Grovifation

It is not without interest, ut this point, to investigate
the acceracy with which the laws of gravitation are
verified, botk in the realm of astronomy and on the
surface of the earth. This may come as a great surprise,
but &ll the treatises of mechanics and astronomy remain
notoriously sitent on this fundamental question.
This is a very significant gap in our knowledge and an
obvious deficiency from the standpoint of scientific
discipline. Any law is devoid of significance if we do
not know with what degree of accuracy it has been
verified.

(@) Accuracy of the Asironamical Verification of the
Postulates of Meckanics

The fundamental laws of mechanics at the surfac®
of the earth are due to an extrapolativn of the results
obtained in astronomy; it is not without interest
therefore, to ascertain the accuracy with which thes
laws actually are verified.



Unfortunately, this discussion is not given anywhere,
for it is stated as a matter of principle that Newton’s
laws arc accurately verified. Without going into a de-
tailed discussion which would go beyond this article,
it is felatively easy to determine what this degree of
acclracy is.

A consideration of the remainders left by the adjust-
ments in keeping with the least square method, as
used to draw up the tables currently employed in
astronomy, shows that the order of magnitude of the
deviations noted for angular displacements between

observation findings and theory is of some 1 sexagesimal

second of arc, giving a relative error of some
1/90 X 60 X 60 = 3 X 10°%

Such is the order of magnitude of the accuracy with
which Newton's laws have been verified astronomically.
These Jaws, as all experimental ones, are verfied with
only some approximation. This econclusion runs
counter 10 the ideas which are commonly accepted—
without a true discussion, to be sure; but it scems fo
me that it must be accepted.

(0} Accuracy of the Verifications of the Postulales of
Mechanics at the Surface of the Earih

The mechanical experiments st the surface of the
earth which have been carried out with the greatest
precision are those bearing cn the pendulum which
gives one second. These experiments, in effect,
assune the well-known formula

T = 2% A/1/Mgl
which is deduced from the postulates of mechanies.
The gquotient I/M! is computed from the length
measurements; I is rneasured and g deduced. The
experimments of M. Volet at the Pavillon de Breteuil at
Sévres—ywhich enable us to measure g directly by the
photograph of the fall of invar metal rulers—enabled
us to confirm the values deduced from the observations
of the pendulum to 1075 Such is the order of magni-
tude of the accuracy with which the prnciples of

mechanics appear to be verified at the surface of the
earth, '

Order of Mognitude of the Abnormalifies Nofed in the
Motion of the Paraconical Pendulum

It is of interest to relate these figures to the order of
magnitude of the abnormalities noted. This order of
magnitude is that of the Foucault effect, which, in the
“asc of the pendulum used, is itself some 3 X 107% of the
gravity. The effects noted, therefore, are of an order of
magnitude smaller than or equal to the order of magnitude
With which we may consider ihat the principles of mechan-
S are verified at the surface of the earth or in the field of
estronomy.

As a matter of fact, it should be pointed out that the
abnormalities noted have a periodic structure and that,
on an average, they are cancelled. If new forces must be
®@nsidered, therefore, they apply only within the
framework of the solar, the sidereal, or the lunar day.
In the field of astronomy, where planetary motion is

dealt with, it is therefore necessary to match them with
forces, the integral of which would add up to zero
over the path of these planets. Thus, their order of
magnitude is indeed comparable to th€ order of mag-
nitude with which it may be thought that Newton's
laws are verified during a revolution.!

From this it will be seen that the abnormalilies that
have been revealed do mot in any fashion rum conirary
to the earlier experimental data, either on the surface
of the earth or even tn the field of astronomy.

(C) Abnormalifies Noted in Seme Optical and
Electromagnetic Phenomena

The abnormalities revealed in the motion of the
paraconical pendulum with an anisotropic support
strike me as having an obvious relationship with the
abnormalities revealed by Michelson, Morley, and
Miller in their experiments designed to show the
absolute motion of the earth with respect to the
ether,?? by Bsclangon on the dissymmetry of space,
by Fizean in his experiments on the pelarization of
Light,*¢ and by J. Hely and P. Malsallez in their electro-
magnetic experiments on the anisotropy of space.®

It would strike me as difficult not to be impressed by
the similarity in the appearances of the curves derived
by Miller and others, and I can hardly refrain from
concluding that all these phenomena are due te one
and the same cause.’6 ¥ o

It appears to me that the phenomena I have revealed
are such as to suggest a thorough and rewarding
reappraisal, on the experimental and theoretical
planes, of the findings made as the ontcome of the
various experiments mentioned above. The lunar
and solar components revealed would indeed have
remained undetectable if we had not carried out
continuous observations, and the temptation would
have been great to ascribe the differences observed to
simple accidental disturbances, as was the case, for
instance, in the interpretation given to the results of
Miller by his critics.3

T must insist once more on the remarkable abnor-
malities mentioned by J. Vignal.?® Leveling operations
revealed systematic errors having to do with the
direction in which the work progressed. These syste-
matic errors behave as accidental errors as soon as
series of stretches over a few tens of kilometers in
length are considered. They doubtless bear a close
relationship to the results obtained by Miller.

1 believe the same applies to the systematic lateral
refraction errors observed in triangulation operations.

From all these data it would appear, in my opinion, to
be of the greatest interest to carry out the various me-
chanical and optical experiments mentioned above with
the utmost care, with all the accuracy which the equip-
ment now available can provide, and with conéénuous ob-
servations over a period of at least a month. Insucha
case, it would seem likely if not actuslly certain, that
we should note, in the phencmena so ohserved, some
periodic influences which are entirely similar to those
T believe T have revealed in the case of the paraconical
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pendulum.* ¢ These simple observations, which
unfortunately canmnot be developed in detail here
appear to throw the ifullest light on the scientific
interest of my findings.

{D) Significance of the Abnormalities Discoverad

From our examination of the abnormalities mentioned
and the discussion of the accuracy with which the
principles of mechanics have been verified, it is plain
that these principles do not have, by any means, the
absolute value which an all too prevalent body of
opinion appears to ascribe to them. These principles
have acquired a sort of metaphysical quality which
places them above the realm of discussion. [n reality,
mechanics is not at all a perfect science, a pure science
in which we have nothing else to find. It is, and
remains, an experimental science which can and should
be itnproved.

The time has come, indeed, when one should go
over all these phenomena once again. This re-exami-
nation manifestly seems to be of considerable mterest
for the development of a unified theory which could
embrace, in one synthesis, the theories of gravitation,
electromagnetism, and quanta. It is not at all the
same thing to state

AG L Lqud = 0 (1)
or to state AG + 4wpd(l + ) =0 (2)
where e < 3% 10-8

in which & is the Newtonian potential, 4 the density,
and p the constant of universal gravitation.

Whoever has worked on these difficult guestions
knows that Eg. (1) cannot be substituted for Eq. (2)
without a considerable measure of danger for, in the
integration of partial derivative equations, the corree-
tive terms are very important. Thus, at a timc when
the development of a consistent unified theory of
physics might appear to offer more difficulty than ever
before, an examination in depth, on the experimental
and theoretical planes, of all the abnormalities men-
tioned above strikes me as being of the greatest interest;
for it appears to be of such a type as to call for the
revision of some postulates, the ngorous validity of
which was accepted without true experimental support.

Facts alone must guide us, rather than mumimnified
principles, even though they may be most useful for
a first approximation. We learn cnly through experi-
ment, and any thought which permanently withdraws
into a sct of abstract principles thus sentences itselt
automatically to a form of sclerosis.

Conclusians

The whole set of data given in Parts I and II seems
to me to lend itself to the following summary:

(1) The motion of the paraconical pendulum using
an anisotropic support is made up of periodic compo-
nents having g significant statistical amplitude, of the
order of the Foucault effect, with periods in the vicinity
of 24 and 25 hours.
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(2) These periodic components cannot be identifieq
with those due to the gravitational effect of the mogy
and sun, such as they may be computed from the doybla
principle of inertia and of umiversal atfraction, fq,
those are approximately one hundred million ! imeg
smaller.

(3) The very peculiar periodic structure of th,
phenomena observed, being due to the relative impor.
tance of the wave having a period of about 25 hours,
rules out any explanation based on onte of the alréa.dy
known periodic phenomena which had been taken intg

‘eonsideration as possible explanations for the periodic

nature of the phenomena. N

I'nt the present status of the discussion, the abnormalities
observed can be accounted for only by considering the
extstence of o new field--namely, by envisioning the
existence of complementary terms which until now haq
remained unnoticed.

(4} The effects observed, the order of magnitude
of which is about a few millionths of gravity, are not
actually incompatible with any of the earlier exper-
mental findings for the accuracy with which these resuits
have been obtained does not exceed 2 few millionths.

(5) The abnormalities noted are not isolated. Many
abnormalities have been observed by other workers
in a number of geophysical phenomena, and it seems
likely, if not certain, that they are derived from one
and the same cause.

(A Complemeniary Nole on Professor Allais’ work
will be published in the November issue.)

Notes

4 Bravais, Tourn. de Math. pures et appl,, XIX, 1834, pp. 1-50;
Willigen, Arch. Musée Tevler, I, 1866, pp. 341-363; Kamerling
Onnes, Niewwe Bewijzen voor de dswenteling der aarde, Disserta-
tion subtmitted to the University of Gromingen, July 10, 1879
(this remarkable work was analyzed in detail by J. Stein in the
second appendix to the work of Hagen, Lu rofation de ln terre, ses
prenves mécaniques anciennes e nouvelles, Tipographia Poliglotta
Vatjcana, Rome, 1811}; Longden, Phys. Rev. XT1I, 1918, pp. 241—
258; Dasannacharva and Hejmads, Phil. Mag. XXIII, 1937, pp-
85-88; Dasannacharya and Balram Singh Gantom, Phil Mag.
XXV. 1938, pp. 601-622.

5 Foucault, L., CR.A.S, 1851, pp. 135-187: Set of Scientific
Works, Gauthier Vitlars, Paris, 1878

1€ Set of Scientific Works of Léon Foucawlt, Gauthier Villars,
Paris, 1878, p. 386.

1" Haringx and Suchtelen, Philips Technical Rev., 19, 1957-
1958, pp. 248-254,

13 The reader also will find a number of interesting referenees in
Hagen, ap. ¢it,, Second Part; and in Wolf, C., Biblingraphie du
Pendule (1629-1885y—A4 Set of Memoranda Published by the
French Society of Phvsics, Vol. IV, Peapers on lhe Pendulum,
Cunthier Villars, Paris, 1889, pp. B1-B216.

¥ For instance, the western coasts of the continents, alil pther
things being equal, are subject to far higher tides than the gastern
coasts.

Similarly, the full tide does not coincide with the passage of
the moon at the meridian, but rather follows it by about 3 hovrs.
At the syzvgies and guadratures, the maximuem or minmuem tide
is encountersd only a day and a half after that of the relevant
syzvgy or guadrature. This happens anywhere on the earth.
Tt i{s to be noted that these two phase shifts are aery different
although the solar foree is no maore than a fraction of the lunal




force. It should also be anderscored that the delay is the same at
the quadratures, where the solar uction, instead of being added 1o
that of the moon as it is at the syvzygies, is deducted from it.

Let us further pnint out that no satisfactory theory of marine
currents has been given as vet, ulthough some of their charac-
teris ics are very remarkable, such, fur instance, as the preponder-
ance\(')'f an gasterly tremd.

11 is not without iznterest o note that mechanical effiects of the
tides are relatively large when compared 1o the tide-inducing
forces due to the moon and sun, which cause them and which
represent, at most, the following fractions

2 (A /A A = 112 3 102
2 (M A3 d2) = B 18 X 1078
of the gravity.

This abnormality has been accounted for by mentioning the
possibility of oceanic areas of resonance, but this assumption,
quite plainiy, is entirely gratuitous.

* Hagen, ap. cif, p. 24.  See also Inst. Géo. Nat, Repori on
Control Mcasurements of the Eiffel Tower Stabilily (1893-1951),
May 1, 1952,

2 Hagen, ep. cid., pp. 223-4{.

2 fhid., pp. 110, 111.

% I, pp. 94-98.

Hpid., pp. 142-147. See also the second appendix to this
work, pp. 36, 37, and 46,

% fied,, pp. 166, 187

# Theobjection has been raised that theexperimental equipment
used by Gen. Louis Pasteur could not be viewed with any degree
‘of confidence. [ must stress that his pendulums start only in the
east—west direction and in the presence of some close obstacles
arranged in g certain fashion. This rules owt a great many hy-
potheses. {In the same sense, see the results obilained by Victor
Paniselti, Cosmos, 1856, p. 503.)

21 These numerous characterisiics cannot be due to chance.
The reader is referred to Gaussen, C.R.A.S., 90, 1880, p. 518;
Gaussen, C.R.AS, 90, 1887, p. 593; Belot, C.R.A.S, 143, 1906,
p. 1126; Belot, C.R.AS, April, 1907, p. 885; Delauncy, Loss des
lisignces des satellifes du soledl, Gauthier Villars, Paris, 1909;
Butavand, Les lois empiriques du svstéme salgire, Gaulhier Villars,
Paris, 1913; Ollive, F., CR.AS, 157, 1913, p. 1501; Blagg.
M. A, Roy. Astr. Soc, 73, 1913, p. 414; Demozay, Relations
remarguables entre les léments du systéme solaire, Gauthier Villars,
Paris, 191%; Delauney, Prollémes Astronomigues, Gauthier Vil
tars, Paris, 1920; Vilar, Noles sur les distances des plandtes an
swledf, Jouve, Paris, 1073; Bourgeois and Cox, C.R.A.S., 108,
1934, p. 53. :

% The reason mentioned in this case is about equivalent to the
“sleep-inducing virtue” of opium as mentioned in Molidre's play!

¥ Majorana, C.R.AS., 175, 1921, p. 478; Journ. de Phys. et
Rad., I, 1930, pp. 314-324; Phil. Mag. XXXIX, 1920, pp. 488—
304; Schlomka, Zeit. fiir Geophys., 1927, p. 3947.

® Cremien, C.R.A.S., Decemnber, 1906, p. 887; Rev. Gén. Se.
Pur. et Appl., 18, 1907, pp. 7-13.  According to Cremieu, every-
thing takes place as though gravitation measured in water were
reater than that computed by means of the theory of attraction
Tom a distance, the difference being about 1/10. Therefore, it
3 a considerable difference.

* In other words, if, to the Newtonian effects, we added actions
107 limes smaller and which would have a zero value on an
tverage during the revolution of the planet, these would probably
tay unreveaied.

:’2 One should read, in particular, the remarkable paper by
Miler, The Eiher Drift Experiment and the Determination of the
Absolute Motion af the Eurth, Rev. of Mod. Phys., 1933, p. 203,
he findings of which—derived from 200,000 observations—are
'fmarkably consistent; the proceedings of the Mount Wilson
~Onference of 1927, The Astrophysical Journal, 1928, p. 341.
Ine should also cansult the refetences given by Miller at the end
f his paper. It is startling that the findings published in this
3?-13&1“ should have been ignored for 25 years. The vutright
“geonholing of Miller's paper strikes me as one of the scandals
¥ contemporary physics.

B Sur l'existence d'une dissymélric optique de Uespoce, Journ. des
Obs. X1, pp. 49-03.  Here again, the internal consistency of the
resulis obtained goes beyond any and all doubt. By the same
author, La dissymétrie de Uestoce sidéral et Ie phéntnine des mardes,
CRAS, 183, 1926, pp. 116-118; Sur la dissymélrie mecanigne
et optigue de Uespace en rapport avec le mouvement ahsolu de la terre,
CR.AS, 1926, pp. 921-9723.

It has been pozsible to relate satisfactorily the results obtained
by Miller and Esclangon (see Carvallo, E., Vitesse de ia lerre
mesurée pur des expériences purement terresives, CR.AS,, 1034, p.
247; Vitesse de la terre ef Relatieité, Rev, Scientif., 1934, pp. 405
AUY;  Les loir absolues de lalumidre et la lai de relativité, Rev, gén.
Electricité, NXTX, pp. 493-546}. The results obtained by
Esclangon at Strasbourg have not been found again in Paris
(CR.AS, 1955, p. 1183), but the experimental sciup was not fhe
same.

# Ann. de Chim. et Phys., 1860, p. 129

% Mesures, 1937, No. 11, pp. 13-17, and No. 12, pp. 19-21.

¥ There is no doubt, in our view, that the phenomena which 1
have revealed are such as to support Miller's papers indirectly in
such a way as to confirm their validity. The very bases of the
theary of relativity thus could again come under serutiny.

8 That some of the experimenters {A. Piccard and E. Stahcl,
Georg Joos for the Miller effect, B. Strasser, D. B. Brace for the
Fizeau effect) should not have found the same results is perfectly
accounted for, in our opinion, by the fact that, at some time, the
total lunar and solar effect, as actually noted in the case of the
paraconical pendulum, is very small {Piccard and Stahel,
Journ. Phys, IX, 1928, pp. 49-60; CR.A.S., 185 1927; TJoos,
Ann. der Phys., 1930, pp. 385407; Strasser, Ann. der Phys,, 24,
1907, pp. 137-144; Brace, Phil. Mag., 1904, pp. 317-329; Fhil.
Mag., 1805, pp. 591-589).

As a matter of fact, no parallel can be drawn between the Pic-
card and Stahel experiments cartied out from a baloon and the
200,000 observations by Milier carried ovt in a very well organ-
ized laboratory, with every possible precaution (see Brylinski,
ete, CR.ASL, 185 1927, p. 1198). Finally, the experiments
carried ont by Hsclangon reveal that some small modifications in
the equipment, which are of no apparent significance, might cause
a cessation of the effects observed {sec footnote 33 abowve).

¥ See, in particular, R. 8. Shankland, 5. W, McCuskey, F. C,
Legne, and . Kuersi, Bev. of Mod. Phys,, 27, 1955, pp. 167-178.
and the appended references. The authors ascribe the effects
obtained by Miller to the conjugate effect of random disturbances
and temperature disturbances. However, this criticism does not
account for the extraordinary consistency of Miller's results with
the motion of the earth about the sun (see Figs. 23 and 28 of his
paper, pp. 232, 237).  Sumilarly, it does mot acconnt for the re-
markable adjustments with phases which agree with sidereal
time, as shown on p. 235 of his work., It also leaves out the agree-
ment between Miller's and, Esclangon's results (sce the papers by
Carvallo already mentioned in footnote 33 above).

* Eveluation of the dccuracy of the Leveling Method, Bull
Géody 53, 1936, and Precision Leveling, Publ. de I'Inst. Géog.
Nat., Paris, 1948,

*The fact that the abnormalities noted in most of the phe-
namena mentioned are distributed according to the normal law
cannot by any means be interpreted by ascribing the effect to an
accidental cause. [ was thus able to note that the sum of the
eleven sine curves obtained in the analysis of my numerical series
by the method of the least squares is distributed according to
the normal lew. Yet we are dealing indeed with eleven sine
curves, thus with a periodic magnitude. The random aspect of a
numetical series does ot by any means thus rule ont the possi-
hility that it may represenit a periodic phenomenon.

41 A remarkable fact is that the relative order of magnitude of
the differcnt departures noted {whether we are dealing with
Miller effects, systematic errors related to the leveling or iri-
angulation operations, abnormalities i1 the fall of bodies, or again
abnormalities in the motions of the paraconical pendulum ) always
remains the same --namely, 5 X 107¢%  Ewverything happens as
though ali these phenomena had one and the same cause.
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Should the Laws of Gravitation Be Reconsi‘dered?

Maurice F. C. Allais

Ecole Nationale Supérieure des Mines, Paris

Complementary Note

New information concerning the resulfs indicaled in Parfs
I and IT of “Should the Laws of Grazitation Be Recon-
sidered?”” published in the Seplember and Oclober issues.

Tmz EXPERIMENTS which T have made
simultatneously (during June and July, 1938) on two
jdentical installations in my laboratory at Saint-Ger-
main and in a new laboratory at Bougival, in an
underground gallery 57 meters deep, have shown that
the previously observed anomalies are still present and
that they possess, in both cases, periodic structures
which are interrelated in a remarkable manner.?

For illustration purposes, I give in Fig. 1 a graph
representing the results of harmonic analysis obfained
by the Buys-Ballot filter method over a period of
24 hours, 50 min., starting from day and night ob-
servations made simultaneously in both laboratories
during & month (from TJuly 2, 0 heur Universal Time to
Juiy 31, 23 hours, 40 min., Universal Time) under the
conditions édentica! to those of my experiments during
the period of June-July, 1955.

This graph permits a comparison of results obtained
in both the Saint-Germain and Bougival laboratories.
The difference in the amplitude of both waves is very
small, and they possess a remarkable concordance of
phase.

These parallel experiments made at the same time
and under the same conditions allow the introduction
into my earlier argument of elements of great value for
the elimination, with a high probability if not absolute
certainty, of almost the totality of proposed explana-
’_tions for the observed periodic effects. 1 will simply
indicate that

(1} Alone, the practical identity of the periodic
effects of 24 hours, 50 min., ohserved at Saint-Germain
and Bougival permits the elimination of any explana-
tion by a casual cause.

{2) In the same way, the practically invariable
Yemperature conditions realized in the Bougtval
1abt!ra.’u:-ry pertilit the elimination of any thermal effect.

(3) The parallelism of the periodic effects observed at
Bougival and Saint-Germain leads to the elimination of
any effect based on the influence induced by the build-
g or on that of any superficial cause.?

{4) The relatively large variability with time ob-
Served in the amplitude of the periodic effects permits

the elimination of any explanation based on the actually
admutted laws of gravitation.

Thus, the resulls of my experiments [July, 1958}
confirm, n a striking manner, my eqrlier avgument
leading io the conclusion that there exist in the motion of a
paraconical pendulum on an aniseiropic support anom-
alies of the periodic chavacter which, af this point of the
discussion, cannot be ted with any known phenomenon.

Notes

L The reader could usefully refer himself to the four following
notes which T presented at the Academy of Sciences at the end
of 1958:

New Experiments on the Puraconicel Pendulum on an Asniso-
tropic Support, CR.A S, 247, 1958, p. 1428,

Pertodical Struciure of the Motion of the Paracomical Pendulum
al Saint-Germain and Bougival, July, 1958, CR.AS., 247, 1958,
p. 2284,

Fxperimental Determination of the Effect Produced by the Aniso-
tropy of the Support on the Motion of the Faraconical Pendulum,
C.R.A S, 248 1959, p. 764,

Experimenial Delermination of the Effect of Inclination of ihe
Support on the Motion of the Paraconical Pendulum, CR.AS,
248, 1859, p. 359,

2 In particular, the explanation presented by Mr. Geguel
(Bemarks on the So-Called Paraconical Pendulem, CR.AS, Vol
246, No. 16, April 21, 1958, p. 2340) attempting to explain the
observed phenomena by the combined eflect of the wind and
building cannot be accepted.

ADDENDUM |I—

Simultanecus Experiments Made During the Month of
July, 1958, ot Bougival and Saint-Germain

FILTRE DE 24"50™  MOIS (1,2 ,.3,4)

Ecarts en grodes
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fig. 1. Buys-Boflot's filter of 24 hours, 50 min. [deviation in centesimol
degreesl. Month {1 42,3  4)—test sequences. Key: rep-
resents tesfs ot Bougival, ... _ represents tests ol Saint-Germain;
thin line represents mean cycles, heavy line represents adjustment sinusoids.

2R : GGy g
{in centesimal deg.} {local time}

Bougival 2.17
Saint-Germain 2.10

—7 hours, 23 min.
— 7 haurs, 35 min.
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