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1. . Introduction

only a reiatively few quantitative  measurements
have been made with the Foucault"pendulum (See for example
Galbraith and Haughton (1) for deﬁails of about a dozen
of the.early ones) . These all involve very long pendula
to allow observation over several hours and as é result of
their early date have only rudimentary information about
the errors. The results quoted in Reference (1) if treated
statistically as of equal wéight give a standard deviation
of l.7%.and therefore a final error of meaﬁ of about 0.6%.
The actual mean lies much closer to the expected value
(0.17%) .

An accuracy a little better than this was achieved .
by Latham and Last (2) in 1968 with a long pendulum whose
lower eﬁd was enclosed in a cylindrical glass tube with a
flat airtight cover over the bottom of the tubé. Two runs
a day were made, each lasting about 8 hours and méasuréments
extended over about five weeks.'~ Again the error of a single
‘run was about 1.5%, the error of the mean 0.2% énd the actual
mean about 0.1% from the expected value. Aerodynamics iS
‘rather important in Foucault pendulum work as evidencéd by
the fact that leaving off the flat base which al}éWed vertical
circulation in the tube (though this must have been extremély

small) raised the precession rate by 20%.



Allais was attempting in his work to improve the
accuracy by using a short pendulum(of about 80 cms equivalent
simple - pendulum length) and doing a succession of 14 minute
runs. After -.each run the suspension ball was changed (ball
and flat suspension) and the apparatus allowed to become
s£eady (6 minutes) after which the run was started at the
azimuth -at which the previous run ended. Instead of the
- expected 14/20 ths of the Foucault rate it was found that
from whatever azimuth the experiment was started it settled
down at a more or less fixed azimuth. This was not however
preCiselykconstant, but showed, as well as a large "noise"
component, the existence of various periodicities.

Allais work (3) - (16) consisted of the following:-
a) An explanation of the more or less fixed azimuth in terms
of the anisotropic elastic properties of the pendulum support

- and an experimental test of this .

b) the éxtraction of periodic variations in azimuth of high
confidence value from various long runs of data .

In particular a period of 24 hrs. 50 minutes was always present
together with possibly 24 hrs, 12 hrs.25 m, 12 hrs. etc.
c) -‘a reasonably certain eclipse effect in which the azimuth
charged by'lO—15O during the 1 to 1% hrs. when the sun was
actually obscured the azimuth returning subsequently to be on
a reasonable extension ¢f the curve observed prdor to the
eclipse.

d) Vthe conclusion that the amplitudes of the azimuthal
periodicities were noticonstant; but varied markédly with

epoch (e.g. 14° for the 24 hr 50m one in June and July 1956,



but only 2° in July 1958).

e) a set of measurements taken simultaneously on two identical
pendula run in widely different environments (laboratory and
an underground gallery at a depth of 57 metres). The 24hr.50m
periodicity had substantially the same amplitude (2.170,
2.100);. and the same phase (7hts 23m, 7 hrs 55m lﬁnar time)

in the two different laboratories.

The fact that this work is not well known stems from
the complete lack of any ideas whatever as to what could be
the cause of the anomalous behaviour. The results appear
to suggest something even as fundamental as Newton's laws
require some correction or addition. The absence of an under-
lying cause together with the imperfect understanding of howb
the experiment actually works, forms together a very difficult
combination in achieving acceptance of the results among
scientists.

The present paper, using ideas arising from other
. experiments, attempts to give a basis for explaining Allais
results in a more serious vein than just to assume that they
aredue to some error not so far”iaentified. : We will
therefore examine the findings (a) to (e) above in teras of

these ideas.

2. The Existence of a More or Less Fixed Azimuth

The first of the findings is well explained by Allais,
though he never either mentions the area effect, explains
exactly what is taking place, or makes any quantitative
comparisons. Basically the support is assumed to have a
rigidity which wvaries wifh the. azimuth. Two principal axes

occur, one along and the other perpendicular to the supporting
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steel beam which has different elastic behaviour in the two
directions. The result of this is-that for all angles of
azimuth other than the principal axes, the motion of the
suppért does. not lie precisely in the direction of swing of
the éendulum.

| The support amplitude component along the direction
of swing does little, merely altering the period Slightly
and could be compensated for by slightly altering the
pendulum length;

| The éomponent'perpendicular to the direction of
swing While only being of the order of a micron in amplitude,
mone the less has‘an unexpected and rather drastic effect.
It correspondé to a driving force in phase with the main
swing since F e X and therefore since the system is
resonant, sets up a transverse amplitude in quadrature
wifh the main swing. The Qendulum begins to swing elliptically
with growing ellipﬁicity. This introduces what is called
. the "area effect", an additional precession of the direction of the
‘major é#is which would occur for a non-rotating earth. The
area precession takes place in the direction in which the
ellipse is being described. The amount of this

(17) 5 342) is an

for a simple pendulum (Synge and Griffith
advance of herihelion of amount 3 A/4L2 per périod where A
iglthe area Qf the ellipse (at_the position of the bob) and ’
L is ﬁhe penduium' vleﬁgth. | -

The area precession is in fact a large effect

compared with the Foucault precession for the areas built up

in Allais' 14 minute run, and its effect dominates. Thus



a steady state is reached at a stable azimuth where the average
Foucault rate exactly balances the average area effect.  The
pendulum begins its cycle with area zero and precesses

at the Foucault rate, then as the area builds up the precession
rate is reduced, reversed and at the end the azimuth has
returnediexactly to its initial value. Subsequent cYcies‘

just fepeat the above sequence.

The presence of various periodicities noted in (b)
requiresan anomalous additional precession which must be added
to the Foucault and area precessions. These anomalous effects
render the experimental proof of the support anisotropy effect
rather difficult by introducing an unknown variation.

Allais, however, in the Comptes Rendus paper of 9 Feb.1959,
takes a number of azimuths and for each a number of runs, permuting
the times of each run statistidally using random

numbers. This reduces the anomalous behaviour by

averaging for each azimuth the occasions when the anomaly has

a high and a.; low area. . By this means he plots the minor

axis of the ellipse (proportional to its area77@b ) and

compares with the average precession due to the area effect,
showing that these are préportional to each other and that

thé stable position is where it should be . (Fig.1l)

Two difficulties arise however, both of which render
the explanation 1less satisfactory.

The firét concerns the magnitudes. For a simple
pendulum one could use 3A/4L2* and compare the average
advance/minute (Annexe II A) taken over the whole run with
the minor axis (Annexe IIRB) meaéufea at‘the end §f the run.
However neither A nor L is very easy to estimate from the

data provided and Allais does not make the comparisonhimsélf
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in any of his papers. Also the correct area for a

compound pendulum has not as yet been

;{zgé——, checked theoretically by the present
author. Assuming the dimensions are as
b -in the sketch - these being scaled from
%rwzgw ézqémgs&“ various photographs of the‘apéafatus or
N7 taken from the text - and assuming that
the appropriate area is that described by

the bob of the equivalent simple

pendulum we have the following:-

Fig 2.

Period 1.85 secs

2b = ,17 cms at stylus x 83/96 = .15 cms at simple pendulum
length.
2a = 18 cms (from angle = + .11 rads L = 83 cms

Area A =rvab = 2.1 sgcms, probably 1.8 gsg.cms would be more

realistic to allow_foraatﬁenuationb.in._a".,_ Advance of .

4 rads per period occurring at the

perihelion = 2.0 10~
end of the run. For "b" rising linearly with time, the rate

o« time .°. angle atz

. , _ —4
.°. Avera ex ted advance = 2019 x bOy Iy 200 o L
- fverage efbec %3 5 T2,
= .21 grades/minute. (one grade is 0.9 of a degree) .

The observed advance is 0.9 gfadeS/minute from Anﬁexe IIB
Thus the observed magnitude is ~ 4% times the expected
magnitude, and while the dimensions are to some extent uncertain
the area precession seems to be much larger then could be
accounted for by the likely errors in the dimensions. Thére

are two possible ways of accounting for the discrepancy firstly



that the equivalent simple pendulum with ééz is not the
correct,expression, and secondly that the ggndulum distorts
the support vertically as well as horizontally. The latter is
not unlikely. . The area effect depends on the constraint
acting on the pendulum. If the bob rests on a parabola

of revolution (about a vertiéal axis) the area effect is

zero. If it rests on a sphere the ééz formula holds.. If

however the centxifugal force which iﬁ maximum at the centre
of the swing depresses the_surface over thé central region
the area effect will be enhanced. With a short heavy
pendulum and an angle of'sﬁing of as much as 0.11 radians the
centrifugal force is quite large. The enhancement could be
estimated given sufficient data, but it seems unlikely that

a good estlmate could be made from the 1nformatlon in M
Allais' papers.

The second difficulty concerns the phases of the
oscillations along and perpendicular to the major axis of the
»e;l;psef> . The moment of inertia of the pendulum abqgt the
centre of the ball for a vertical axis is of course‘Quité

small (.286 lOGC.G.S)but about a horizontal axis the valués

are 63, 60 lO6c.G.S and 63.83 lOGC.G.S about directions along
and perpendicular to the flat disc of the bob. Thus the
periods differ by about one part in 600. The duration of
600 swingé at 1.85 secs is about 20 mins so that the
oécillétions aiong éhd perpendiculaf bté the fiat disc béébmé
aimost a whole period out ofIStep, during the course of a 14

minute run. The Q of the system is large, the- amplltude

only decaylng by v 10° in the 14 mlnute run.
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Thus when previously the support anisotropy was
assumed to drive the transverse oscillation in quadrature
and cause an ellipticai motion this is only in fact correct
for the steady state solution and the above shows that the.
‘situation is faf from being a steady state.

The answer to this second difficulty is not known
but the effect cannot be as serious as the above would suggest
for some unsuspected feason. . The elliptical oscillation
-is observed to take place, the area effect does cause an
azimuthal change roportional to t2, the area and
Foucault ~effects balance at the steady azimuth, and the
initial precessional rate isveXactly the Foucault rate.

All of these would be wupset if the transverse amplitude was

not set up in quadrature with the main oscillation.

3. The Variations in Azimuth

Taking (b) (c) and (d) together it is féirly obvious
that whatever it is which produces the anomalies is not a
regulaf phenomenon which passes through precise cycles such
as the lunar or solar tides. ,or the geometry of the earth-sun-
© moon system. If one accepts the validity of the eclipse
effect (c), which one could reject as a fluctuation, but
which is similar to the effect of Saxl and Allen (18)
and Latham and Last. {19), it seems likely that the obstruction
of some fast moving influence from the sun is responsible.
A reasonably radial flow and a speed of the order of hundreds
of kms/sec would be necessary to keep the rough time coincidence

with the visual eclipse.



An explanation of (c¢) in this way as a lunar
obstruction of a radial flow pattern from the sun makes

the explanation of (b) more sensible in terms of solar rotation

than a lunar effect. As Allais points out the two periods are .

so similar (27.275 and 27.321 days) as to make it well nigh
impossible to differentiate without lengthy observations,
even if the effects were fairly consistent, which the wvariation
with epoch (d) shows they are not.

Let us assume then that . something which apart from
the emotions it raises one would be tempted to call a
component of the " aether" is ejected more or leSs.radially
and in a flat disc like form from the solar equatorial regions
and in due course after some day's delay reaches the earth.
Space gradients in this flow pattern cause the Foucault
pendulum to have different cross coupling between its
normal and transverse oscillations and.thus modify the

equilibrium azimuth. The effect will be a 24 hr cycle

~caused by the earth's rotation (w;) which offers up the

equilibrium azimuth in a cyclical way to the radius vector
to the sun, modulated by an amplitude variation which reflects
the solar rotation (wz). The périodiaties seen in azimuth
will depend on the details of the amplitude modulation. If

the effect is just A Cos wlt Cos w,t the 24 hr.

‘ 2
periodicity will be split into equal side bands at 24 hr

50 mins and 23 hr 10 mins provided observation extends over a
full cycle of Wy . If the modulation depends in a more

2

has a more rapid variation with angle and is dependent say

complicated way on wo than just Cos w, t , for example if it



