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Part 1 : Experimental Data and Computational Work

Introduction

The experimental work which forms the basis of this paper is not
very well known. It was done from 1953 to 1959 by M.F.C. Allais
originally at the Ecole Nationale Supérieure des Mines, Paris, and
in its later stages in an underground laboratory at Bougival, at a
depth of 57 metres. The measurements were done manually on a
short Foucault pendulum and required a large expenditure of time
and effort. They were ultimately discontinued before being taken
far enough for a clear understanding of the phenomena to emerge.
Most scientists today have never heard of the work and Allais'
contemporaries either assumed the $tatistical accuracy wasn't good
enough or the existence of some unsuspected experimental error.

It is necessary therefore to discuss and summarise the results in
some detail before proceeding to extend and consolidate them.

The present author became interested in the work as a result of
obtaining rather similar unexpected anomalies in a gyroscope
experiment and trying to formulate a common explanation. Later
when it became impossible to continue the gyroscope work,
attention was transferred to the Allais pendulum and an automatic
pendulum was designed and run. Later two pendula were constructed
and common phenomena were looked for, when the pendula were run
simultaneously at different sites.

This work has not so far proved definitive, possibly due to the
use of a more symmetrical pendulum or a firmer support system. In
the course of it, however, a complete set of reprints was obtained
from Professor Allais and, in addition, a particularly valuable
set of data on his last experiment. This experiment also used two
pendula running simultaneously. One of these pendula was run
continuously for five weeks in an underground laboratory in
conditions of good stability and it is this data which has led to



what the present author considers to be a definite step forward in
the interpretation of the experiment.

Treatment of this data was done using a home computer (TI 99/4A
with 32K extra RAM) which has proved singularly useful in -
extracting information which is submerged in noise. The results
show clearly the existence of an anomalous effect and can now give
some of its properties. The ground level data treated in the same
way, while in general corroborating the underground set, have much
larger fluctuations and would not in themselves lead to the |
anomaly being recognised with certainty.

Normal Fourier analysis of the whole underground run as done by
Allais has been repeated with the help of Dr. A.E. Daniels of the
University of London Computer Centre using the CDC 7600 computer.
The calculations were taken to two orders higher accuracy than
ATlais and included all the 20 minute runs instead of hourly
averages of a part of them as done by him. These results on
re-examination are found to show the same anomaly; though-again- it
would be difficult to deduce it from the data without a prior
knowledge of what to expect.

Part 2 of this paper puts forward a speculative model to explain
the results and gives a theoretical treatment of the mechanics of
the pendulum for different forms of the anomalous force. It is
concluded that some mechanical amplification is occurring and a
reason is given as to how the amplification can take place. The
magnitude and form of the anomalous force is deduced. A

Part 3 describes the gyroscope work and attempts to fit this into
the same framework.



Foucault Pendulum Measurements in General

It is surprising that only a few quantitative measurements have
been made with the Foucault pendulum, and these not to any great

-accuracy.

The early work is summarised by Galbraith & Haughton (1) which
1ists about a dozen measurements. They all use long pendula so
that the amplitude decay rate is small and the precession can be
observed for several hours after release. The treatment of
errors, as would be expected from the dates of the measurements,
is somewhat rudimentary. If all the results are taken as of equal
weight the standard deviation is ~1.7% and so the final error of
mean is 0.6% with the expected value well within it - a
surprisingly rough test of so important a phenomenon.

An accuracy a little better than this was achieved in 1968 by
Latham & Last (2) with again a long 30M pendulum having a
spherical bob. To achieve precessional symmetry, as the pendulum
was in a rectangular vertical duct, it was found necessary to
surround the lower portion of the pendulum with a wide cylindrical
glass tube having an airtight flat glass base. Two runs a day
were made, each lasting 8 hours and measurements extended over
about five weeks. The error of a single run was about 1.5%,
rather similar to the individual measurements above. The final
error -of the mean was ~0.2% and the value was ~0.1% from the
expected value.

A clue to the variability, which is probably due to aerodynamic
effects, was that if the flat glass plate were removed al]owing'
some, though very small, vertical air movement in the surrounding
tube, the precession rate rose by 20%.



Allais' Paraconical Pendulum

Allais was attempting at the start of his work to use a short
pendulum and to overcome the rapid damping by doing many linked
runs. After each run of 14 minutes duration the pendulum was
stopped and the ball of the ball and flat suspension was changed.
The pendulum was then deflected again by a thread to full
amplitude and allowed to become steady. It was released as
previously by burning the thread 20 minutes after the start of the
previous run but now starting at the azimuth at which the previous
run had ended. This process was repeated every 20 minutes, so the
precession rate should be 14/20ths of the expected Foucault rate
for the latitude of the apparatus. ‘

This was not found to take place. Instead, no matter at what
azimuth the experiment was started it always settled down to
roughly the same azimuth from which there was no further
precession. The redson for this and the detailed behaviour of the
more or less fixed azimuth was examined in many experiments, some
involving long runs of data. It was found that:-

(1) The azimuth showed an irregular flutter or noise, due either
to lack of sphericity of the high precision ball bearings
used for the support, or due to other experimental
irregularities.

(2) It also showed several periodicities, one of which, 24hrs
50mins, was always present. Others were 24hrs, 12hrs 25mins,
12hrs etc. often of high confidence value.

(3) On one occasionh a 15 grade departure of azimuth occurred,
during a solar eclipse, the departure being measured from the
estimated line joining the values before and after.

The experimental work (Allais (3) to (16)) covered several years
and documented the phenomena listed in sections (a) to (e) below.



(a)

The Equilibrium Azimuth

This was shown to depend on the existence of the area effect, see
for example Synge & Griffith (17), a precession quite independent
of the earth's rotation and proportional to the area of the loop
described by'the pendulum bob. The area precession occurs in the
same direction as the loop is being described. During each run
the pendulum started with loop area zero and the correct Foucault
precession raté for the latitude of Paris. However, as the run
proceeded the area was found to increase and the area precession

‘soon became large. At the equilibrium azimuth the directions of

Foucault and area precessions were of opposite sign and balanced
each other at the end of the run. Thus there was no nett change
in azimuth between one run and the next.

It was shown experimentally that the angular dependence of the
final area of the run for different starting azimuths was as would
be expected for a slightly flexible support, the flexibility being
anisotropic. The anisotropy was not directly observed but only
inferred from its effect on the pendulum. It was shown
experimentally in Ref.(15), (Fig.1) that the observed area was
proportional to the precession caused, but the constant of
proportionality as measured by Allais seems to be out by a factor
of roughly four compared with the theoretical value. This is
discussed later in Part 2 of the present paper. Further
experimental work is urgently required, particularly a direct
measurement of the support movement. '

The Various periodicities of azimuth

In all runs and indeed in small Subdivisions of the Tonger runs it
was shown that periodic effects were present, often with very good
confidence values.

The periodicity of 25hrs or 24hrs 50mins was the most common and



i

PP PR

——

PRIV

A F A 70 4 o Ak, Ak 2 e et

ANNEXE T

CORRELATION oy

I[TOUVEriENT DU PENG

Ui &

AVEC LAZINTUT  DE  DEFARY

PrikiACOINIQUE

0

14 Ay 10 naRs 1955

- DEPLACEMENT OV PLAY D'OSCILLATION
APRES 14 MINUTES EN GRADES /ruMuTE

ARMEXE LA PENCULE P,

DISQUE VERTICAL

2b

14 AU 40 MARS 4555

RIEXET S

PETIT AXE DE L'ELLIPSE
AU BOUT DE 44 VHHUTES

© FENDULE P,
DISCUE VERTICAL

¢1,0" ! S BiaiEe P ¥ | :’0.2"‘ B <RI R D V. JE ‘0'2:- .
. ‘/’""‘"\;\. ’ |
L |
05 - ol o R [
' ' .
370,20

1
| |
| A e :
4 0p° ey - 0,01 007¥= '
) N - A M ' i
ATERT r::'x:&?-*\\\\ A ,/‘, I

AVAN CHTCRTarc ol S -

0.56 2. :I__I Q‘Ss 0.1(m Y 1
posilion / Position |
. o’equibre T ¢equilibre :
st oble msteblt :
’ i
i —"'0‘ nne % e - I*‘no‘ '_O'Zlﬂ - E - ..0,2.‘" !
© 300 350 £00° . 59¢ | 500¢ 350¢ 400° 50° g,

s

—— e courbe moyenne

observations Elément gir e5

sinusoide d'ojustement

-

COurbe mdyenne ¢s vEsidus
snusode dajuslimenl des residus

-
Noto: tes écocls por ragporl cux tourtes mojermes
sont dus ¢ ivlos o Finfluerce des biffes el a
s influerce systimalique cu cours v tempe

g S S atenss K sad i Sh oS gt ML R T Tl T L TR

Ay -vre

-

bttt ohe

QAINIIDS STa

/
-

09

ATIVACNVDY




the most difficult to explain without invoking some new effect.
Amplitudes at 140hrs, 24hrs, 12hrs 25mins, 12hrs, 10hrs 45mins

etc. were all found.

The statistical treatment in the early papers was done using the
method of Buys-Ballot. For a long time-series the nth harmonic is
obtained by averaging the values of run O, n, 2n, 3n etc. for the

whole series, followed by 1,'n +1,2n+ 1, 3n + 1 etc., then 2,

n+2,2n+ 2, 3n + 2 etc. kwhen all the n averages and standard
deviations have been found they are graphed in order and a sine or
cosine wave is fitted to the data.

In one of the later papers (Allais (16)) a straight Fourier
analysis is given, using 721 hourly averages from the first 30
days of the long run taken in the Bougival laboratory. The actual
values used are given in Table 1 and a graph of the ,
(amp11tude)2/202 in Fig.2. The 24hrs 50mins period is clearly
shown and is roughly seven standard deviations above statistical
fluctuations. '2”

Other sharp peaks occur round 24hrs, a sharp peak at 12hrs and
various others of less significance.

The Amplitudes of the Harmonics

Allais points out that there is a noticeable degree of variability
in the Fourier amplitudes. The 24hr 50mins periodicity for
example in 1956 (June/July) was rough]y'14 grades in amplitude
while in 1958 (also June/July) it was only just over 2 grades

(100 grades = 900). The same obtains for other periodicities.

The variability‘rather rules out an explanation to do with, say,

‘gravitational effects of the lunar motion.
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TABLE 1
Anxexe [T A Série des 721 valers horaires des azimuts du pendule paraconique & Bougival en juillet 1958 a
(Les valeurs données se lisent de gauche 2 droite par lignes successives 3 partir du haut) (%)

616 636 630 645 635 647 675 639 652 623 598 | 632 | 662 ! 647
655 643 628 624 57 552 587 534 583 592 617 586 84| 573
619 604 603" 598 575 . 604 676 643 640 623 613 637 602 | 393
575 596 641 667 518 600 746 630 615 603 594 591 614 602
613 617 637 628 616 630 621 649 | 649 648 . 657" 610 552 551
597 381 | 630 640 590 335 649 661 638 646 621 633 594 601
624 83 | 88 | 591 604 584 595 617 610 586 597 572 612 613
594 615 635 503 633 636 608 591 596 624 601 638 679 651
661 568 609 618 618 632 632 631 615 608 622 640 659 647
633 604 | 602 609 590 602 602 603 553 534|570 595 624 640
630 626 | 644 640 647 631 649 650 651 642 626 600 578 562
po 622 330 629 639 613 605 635 653 640 620 641 629 633
636 635 1 637 637 630 534 601 627 634 647 649, 630 623 634
627 626 660 646 637 631 608 620 621 645 619 645 | 674 652
516 626 643 653 | 592 517 538 550 344 596 503 641 ! 614 579
536 552 | 565 588 614 630 608 598 629 625 643 638 | 640 627
261 s3a | 583 535 628 617 500 608 630 636 636 631 | 647 581
1o 658 653 663 611 655 639 628 601 567 590 622 647 623

" 624 636 563 642 626 631 635 618 650 647 642 634 626 519
647 663 629 604 621 651 641 638 624 629 602 626 643 635
617 673 746 597 669 652 605 600 626 624 620 607 590 599
658 622 625 622 599 604 640 630 618 583 . | 636 656 671 676
651 575, 623 565 574 584 605 604 590 598 - 517 599 584 544
527 588 | 360 362 567 601 625 596 585 593 611 617 658 633
667 631 | 629 629 620 599 608 593 609 636 586 579 600 594
3851 iR 392 336 17393 | 663 703 523 458 $85 562 563 356 610
683 662 643 625 608 585 628 621 605 599 577 Sda 571 613
619 630 14 625 573 532 525 586 618 569 582 605 614 650
622 543 495 480 552 544 602 622 568 538 575 582 589 £66
669 608 633 636 624 680 605 686 667 693 629 595 587 568
613 647 Gt 635 645 634 654 596 652 596 588 643 643 592
600 595 571 602 679 612 623 649 649 649 648 653 591 574
616 635 6235 701 704 607 521 518 536 581 571 609 627 653
687 612 643 665 625 649 628 624 596 587 633 640 630 *609
624 530 544 565 541 481 566 562 571 627 564 534 626 657
640 610 623 644 624 607 652 637 607 615 639 626 536 525
565 504 635 639 629 635 638 637 630 627 634 671 660 | 607
698 649 634 644 629 623 634 541 551 547 552 534 519 522
551 598 611 600 636 656 638 653 632 647 570 664 653 634,
608 610 617 652 582 631 605 602 577 573 544 570 611 656
661 5621 561 623 631 612 612 623 640 634 617 632 647 592
575 586 610 586 574 568 621 666 669 638 636 613~ 649 | 389
503 | 624 599 595 637 638 665 665 | 682 637 619 601 386 | 831
596 512 | 897 538 613 610 | 611 641 616 599 504 581 500 | 608
587 589 585 563 586 578 548 537 580 620 582 593 587 | 618
638 587 s6 | 335 | 615 645 614 615 607 630 655 616 622 | 399
577 | 389 562 578 583 580 | 555 | 563 525 | 306 610 581 579 1 604
596 660 635 623 630 625 638 661 735 | 113 626 614 635 | 644
587 593 588 582 585, | 373 | 366 618 548 630 620 6358 640 | 570
603 632 643 634 663 | 702 653 673 617 546 481 503 5400 | 591
627 648 624 611 | 651 st2 | 626 653 687 | 633 641 | 639 | 654 | 63y
651 671 | 649 620 | 625 | 644 | 64T | i i ; '

(1} FExprimés en dixi¢nes de arade (lvs valeurs indiquéss soat les vaienrs botca diminudes de 10w dixiemes de grades).

2 Ainsi il faut licc :

6LE, 636, 830, G453, 023, &47, 673, 639, 632, 623, 398, 632, €62, 647, 633, 643, 628, 624...
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