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Most historians and philosophers of science today would
probably affirm their belief that their fleld of study is its own
justification. Without attempting to defend the extreme opposite
view that all scholarship must be tied to immediate practical needs,
I would like to suggest that any discipline is falling short of its true
potential unless it recognizes and seeks to accomplish tasks related
to the neceds of the larger community of scholars, and indeed to
the needs of humanity as a whole. History and philosophy of
science is in a unique position to perform an extremely valnable
service in this regard. It can help science revitalize its theoretical
approach, by re-emphasizing the interpretation of evidence and
cquations from the point of view of the natural philosopher, as
was carried out in the heroic era of early modern « science ».

Today, practicing scientists are very largely unconcerned with
the history of their own disciplines, or at least contemptuous of
opinions held in past eras; and in addition they largely ignore the
careful logical analysis of the metaphysical framework which gives
structure to their own working paradigm (2). They iail to realize
that metaphysics plays at least as great a part as measurements
and mathematical symbols, in guiding the advance of science or
natural p.hilosophy. ' :

But not only do we have, at present, a group of scientists not
well informed or deeply concerned, on the whole, in history and
philosophy; also, to make matiers worse, most philosophers are
not well-informed on the specifics of experimental evidence, so that

(1) An earlier version of this paper was delivered at the 8th Annual
Meeting of the Midwest Junto of the History of Science Society, Still-
water, Oklahoma, on 2 April, 1965. !

(2) The importance of the ¢ metaphysical framework » is stressed
by Joseph Acassi in his « The Nature of Scientific Problems and Their
Roots in Metth sics 3, in Mario BuNexwL (ed.), The Critical Approach to
Science and Phllosophy, 1964, p. 180-211. The ¢ paradigm », which I
take to mean a metaphysical framework plus various habitual, organiza-
l_iona}. and instrumental apyurtenances. is discussed by Thomas KvHN
ii his The Struciure of Scientific Revolutions. 1962. !
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their philosophizing, even when intended to be about science,
remains on a remote and artificial level. Add to this the very
often prejudice of many historians for accumulating fact without
concern for scientific or philosophical issues per se, and the result
is one of the most dangerous and unfortunate examples of over-
fragmentation of intellectunal endeavor facing twentieth-century
man. It is in an attelpt to bridge the gaps between history,
philosophy, and science that I write this paper. A bit of geography
is involved also. The novelty of the attempt can be read in the
title : as the result of historical investigation and philosophical
analysis, I am led to affirm the undoubted existence of a lumini-
ferous ether, contrary to the current beliefs of the great majorily
of physicists.

Experimental evidence is not always what it scems, particularly
to those scientists who unduly ignore rigorous logical analysis.
For instance, in 1932, the report of the Kennedy-Thorndike inter-
ferometer experiment boldly announced ¢ Experimental Establish-
ment of the Relativity of Time » (3). In 1937, Herbert Ives
unleashed a brief but devastating argument which demonstrated
that the relativity of time (if such a thing exists) has nothing to
do with the results of this experiment, and that the main significance
they have is to disprove the Lorentz-Fitzgerald contraction hypo-
thesis. Ives’ argument fell short of a deflnitive solution to the
problems raised by Kennedy and Thorndike, but it led him f{o
attempt another very important experiment to try to supply the
evidence which Kennedy and Thorndike did not find. When he and
Stilwell had completed this experiment in 1938, they still quite
properly refrained from claiming that it proved the relativity of
time; but adherents to relativity theory do use those results to
make such a claim (4). For reasons which are beyond the scope of
this paper to expound in detail, 1 believe that not even Ives and
Stilwell made the proper interpretation of their 1938 experimnent.

(3) Roy KeNnroyY and Edward THoRNDIKE, « Experimental Establish-
ment of the Relativity of Time », Physical Review, v. 42 no. 3 (1 Nov.
1932), p. 400.418.

(4) Herbert Ives, ¢ Graphical Exposition of the Michelson-Morley
Experiment », Journal of the Optical Sociely of America, v. 27 no. 5 (May
1937), p. 177-180; Herbert IvEs and G. R. SriLwewe, « Experimentsl
Study of the Rate of a Moving Atemic Clock », ibid., v. 28 no, 7 (July
1938), p. 215-226. The 1938 IVES-StiLweLL results were confirmed by
Birsch MaNDELBERG and Louis WitTey, ¢_Experimental Verification ol
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They did not because they were still handicapped by the hf{axwell
theory of light, which declares that the velocity of light is inde-
pendent of the velocity of the source. .

The Ritz emission theory, which adds the velocity of the squrce
to that of the light, was introduced in 1908 but was qmck{y
discarded. Not only did it disagree with Maxwell’s theory, but it
apparently was faced with an insurmountable obstacle in the form
of evidence from the opposite limbs of the rotating sun and from
binary stars, adduced by Tolman and by de Sitter respectiyely (5.).
But the fact that evidence is not always what it seems is again
strikingly demonstrated in this case; for now in 1965, J. G. Fox
makes clear that the Tolman and de Sitter evidence is no longer
considered an adequate refutation of the Ritz theory (6). Fox
infroduces other evidence which he believes does constitute such
a refutation, but admits that it makes a rather sketchy case. Once
again, full discussion of all the issues involved in this. problem
would be beyond the scope of this paper. 1 have me'ntlone.d 'the
problem of relativity of time and the problem of the Ritz er'mssmn
theory because they do bear importantly on the issues raised by
Georges Sagnac and other investigators of the problem of. ether
drift, and becausc 1 do not think a complete understanding of
Sagnac’s results is possible without realizing that the Ritz approach
lo eleetromagnetic theory is essentially correct and represents the
nain path for the future development of physics. But t.’ox: those
whose present helicfs are strongly at odds with these opinions of

Vi hysical
hard TouMan, « The Second Postulate of Relatlvity », P.
"fv(ise)w?is 1;{ ne. 1 (July 1910), p. '26;40; Willem pR .Slrraa.lg 1}; P!;;)o;
of the Constancy of the Velocily of Light », Proceedings of the ; e(é [
of Sciences of Koninklijke Akademie van Wetenschappen te A:éxs c;t- a::n,
v. 15 pt. 2 (1913), p. 1297-1298; Willem pr SiTTER, ¢ On tlbes 81151:‘1;1'3;
of the Velocily of Light », !'bfd.,}‘_}r. }6 pt. 11:3:%13)1!}31.8395-3 . On
the : ‘RaniLiy, Electromagnetics, 1938. .
(?‘!;)3, Jsjcf‘., Ig&f);?daolgvidence against Emission Theories », Alrm}rrcag
Journal of Physics, v. 33 no. 1 (Jan. 1965}, p. 1-17.‘ The recent 3fr- ?&lalil-
tvidence which is supposed to refute emission theories conlghsts of s iall-
seale analogues to the hinary star ewdgnce (no more valid as a r u-
tation than is that evidence), and the claim that meson lifetime mcre!as%
With incressing velocity. As Fox does not appreciate, the .I?tterlc ﬂitm
depends entirely on the assgmplionththart{i;nats}?eé?;rcascs with velocity,
whic cording to the Ritz _
S‘};"tlgsgt;:g: ?;;?;?grgumegt against the deSitter evidence has tl)gen
made by Pascal Rarier, in « A New Cosmology, Based upon thedHerfzx?In
l':l_mdamental Principle of Mechanics », Revisla de la Real Acadeniia de

tencias Eraclas, Fisicas y Naturales de Madrid, v. 57 no, 4 (1963),
D 79Y %aas
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mine, it will be sufficient to read the following discussion with an
open mind, to become convinced that drastic changes of one sort

or another must now be made in our accepted ideas about light
velocity and the ether.

l‘.

In the case of the Sagnac interferometer experiment, we do not
have evidence which needs new interpretation, so much as we
have evidence which needs to shed a harmful cloak of re-interpre-
tation which was placed over it by theoreticians who did not fully
understand what the experimenter had done. We need to return
to the interpretation of Sagnac, who justly claimed that he had
discovered the existence of a luminiferous ether.

Ether as discovered by Sagnac need not be considered to be an
imponderable elastic solid, as it was considered to be through most
of the nineteenth century, after light came to be thought of as a
¢ transverse wave », Ether is simply a medium through which
light travels, with respect to which it keeps a fixed velocity. The
ether exists in, but is distinet from, any other body or medium
which will transmit a light wave. The ether may be of variable
densily. The ether is not necessarily itself at rest, in a given
coordinate system, but may move en masse with a given velocity.
I believe that the ether consists of photons, i. e. of radiation
particles, mostly of the lower frequencies. Light passing through
this ether bounces off the photons it meets and thus travels in a
zig-zag course. This view enables us to accept a constant point-
to-point velocity for all photons, at the same time that we recognize
the possibility that such photons may vary in absolute speed along
their respective zig-zag paths, which may be of unequal length.
The variation in absolute speed results in variation in the energy
received (Doppler effect). Again, I do not wish so much to explain
or to confirm this view of the ether in great detail, as to suggest
to the reader that a plausible conceptualization of the cther may
indeed be possible; for no doubt he has read or has heard that all
attempts to posit the existence of an ether have proved to be

failures.

As will be made clear below, not only Georges Sagnac but also
Albert Michelson, perhaps the most skillful experimenter in the
history of optics, proved by experiment that there is a luminiferous
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ether. In view of the widespread misconceptitzn that Michelson is
respousible for proving that there is no luminiferous eth.er {in the
Michelson-Morley experiment of 1887), this is a_very important
point to make. But lel me proceed with the historical facts.

*
L L4

The famous ¢ negative evidence » experiment conductefl by

Michelson and Morley proved merely this : that in the latl.tude

of Europe and the United States, one cannot prove translational

motion of the earth with respect to an ether, by mearts of a cross-

type interferometer. This result led to a crisis in the minds (.)f r;xany

physicists of the day, and later became a strong .argur'nent in aw;(l)r
of the special theory of relativity, even though }?mstem a_pparen y
used it onty indirectly in his own mental operations leading to the
thﬂ(;rtz’,ail’ig)cs:.ly enough, Michelson himself was not p.articularly
interested in the negative result of 1887. Al.though he did perform
another experiment in 1897, using a v.ert.lcally-arranged-rectz;:;:
gular interferometer to test possible variation of ether drift w{c‘
altitude, again with negative results (8}, he left to EW Morley: D ,
Miller, and others the work of repeating and reﬁfnng the origina

test with the cross-type interferometer, In fact, M'lchelsoni felt that
the chief value of the 1887 work was in perfecting the interfero-
meter for use in later experiments of a different nature (9). e
was much more impressed with the positive results he and Morley
obtained in their less famous collaboration of 1886,.3 rePeat of :he
Fizeau experiment of 1851 on the behavior of light in mov gg
media (10). Furthermore, Michelson react?d unfavorably ’to ’t.e
interpretation of his negative results which was embodied ' in

LsoN and Edward Montey, « On the Relative Mpﬁon
of 1(1;]; é:?t?talha{éct’l{; Luminiferous Ether », American Journal of Scaem;e
(ser. 3), v. 34 no. 203 (Nov. 1887), p. 333-345. See also Robert Sngxflxums, .
€ T°he i\!i.chelson-Morley Experiment », Scientific American, v. no.

-114. . i
(De?é)lielg;rf nfé’ééwon, < Relative Motion of the Earth and the E:;ge:;;,
American Journal of Science » (ser. 4), v. 3 no. 18 (June 1897), p. Slae.
{9) Bernard Jarre, Michelson and the Speed of Light, 1980, fp'M 80,
(10) Albert MicrerseN and Edward Momiey, < Influence o g ;_)tlon
of the Medium on the Veloizistg% }of Liaqlh; 3’8'6‘4'1;';;;)%‘:; gafl‘txrzgi’ o); Scu:nl::

. 185 (Ma . P -386. : ;
gf;bgzés‘;'ss:eﬁﬁivjes a l’%ther lumineux... », Annales de Chimie et‘ de

Physigue (ser, 3), v. 57 (1859). p. 385-404. :


http:Michet.on

180 JOHN E. CHAPPELL Ir.

Einstein’s special theory; and, having limited mathematical skill
anyway (11), he made no effort whatsoever to understand and
interpret the general theory when it appeared later.

Perhaps this was one reason why Michelson did not insist on a
non-relativistic interpretation of his 1924 experiment to test ether
entrainment. Michelson had done little himself with the ether drift
problem since 1897. But in the 1920’s, numerous scientists urged
him to make a test for rotational ether drift, to supplement his
previous work on {ranslational ether drift. This experiment,
conducted in collaboration with Henry Gale, involved sending light
around a large rectangle, over a mile in circumference. It sup-
posedly tested whether or not the ether was carried along with the
earth, and by obtaining first-order fringe shifts, supposedly proved
that it was not (12). Michelson himself said that he liad merely
proved what he expected to prove : namely, that the earth rotates
on its axis. This is a strangely tame response to results which,
except for the substitution of rotational motion for translational
motion, serve just as well to prove the existence of a luminiferous
ether as the 1887 resulls served to prove the ether did not exist!
Without the development of the theory of relativity, and parti-
cularly of general relativity (applying to rotational motion) in the
meantime, Newtonian mechanics might never have becn banished
from its dominant position in the theorectical outlook of modern
physieists.

Actually, by the time of the Miclielson-Gale cxperiment of 1924,
the existence of a luminiferous ether should not have been in
doubt. For this was not in fact the first test for rotational ether
drift, but merely the first test involving a rotation of the earth with
respect to the sun and stars. The first rotational cther-drift expe-
riment of any kind was performed in 1913 by Georges Sagnac.

(11) Michelson made clumsy mathematical errors in his report of
his 1881 interferometer experiment (a cruder version of the 1887 expe-
riment with Morley), and also in a 1904 paper giving the theory of the
experiment he carried out with Gale in 1924, These errors were easily
spotted by others and pointed out to Michelson. and they de not affect
the discussion in this paper materially., See Albert MicueLson, « The
Relative Motion of the Earth and the Luminiferous Ether », American
Journal of Science (ser. 3), v. 22 no. 128 (Aug. 1881), p. 120-129; Albert
MICHELSON, « Relative Molion of the Earth and Aether », Philosephica!
Magazine (ser, 6), v. 8 (1904), p. 716-719.

{12) Albert MicurrsoN and Henry Gare, « The Effect of the Earth’s

Rotation on the Velncily of Light », Astrophysical Journal, v. 61 no. 3
fAvee T01O5Y +~ 403" 140
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Georges Sagnac, born October 14, 1869, received hlls doc::r;:
degree in 1900 from the University o.f Paris. In .the ear g(rl yet;ibing
his career, he worked with Pierre Curie in recording and | esg: Che
the properties of the newly-discovered element radium. : ;100 "
most important work was carried out c}urlng' thfa years -
1914, on the optics of moving media. Durm‘g this time he. serw:(te "
professor of theoretical and celestial physics at the Universi ised
Paris. His later years were marred by bad health, and he pa

'y on February 26, 1926 (13). . .
3““%’;; Sagnac eyxperiment of 1913 employed a rotating cnrclr;};:
platform complete with mirrors, light source, and ca.mera. e
platform was about one meter in diameter, and the'rmrrorsf ore
so placed that they reflected light around the Penmeter d? e
platform, inscribing a polygon. The source of light was “:1 e
by a mirror thinly silvered on one side, and w:as pfassed a:;;:m the
circumference of this polygon in both directions. ! en h
platform was at rest, the two beams werc.exactly ‘superlmposte‘..
The beams were then re-united and sent into an u.lterferon;ethe
for the observation of fringe shifts. A camera took pictures o N
fringes during the rotation of the apparatus. It should 'be empc:
sized that light source, mirrors, and interferometer wnt.h carr;‘. .
were all mounted on the moving platform. The only thing w :;
might be expected not to move while the platform rotated was : ;
path of the light from mirror to mirror. If the cagnera ret:ofri ed
fringe shifts, this indicated that the path of the;: light was fxe
in the coordinate system of the room, and that this room therefore
conlained a luminiferous ether. While rotating the apparatu§ at
about two revolutions per second, Sagnac obtained first-order frfnge
shifts, just as predicted on the liypothesis that the room contained

such ¢ ther. -
d';h‘nr‘: (:*xperiment has scarcely been acknowled.gcd ye.t ml the
literature of the history of scicnee. The only mention of it 1 ‘1ave
been able to find, by searching through numerous volumes wntte.n
in several languages, 18 an obscure sentence in a long footnofe. in
Whittaker’s History of the Theories of Aether a.nd Electt.'lc:tv,
which reads as follows in its entirety : « An interesting experiment

i i i ks by Henri
i {ef biographical sketch summarizes the remar

nm‘lg)a ji’,lwslf,f:ﬁté Fgmngzaiae de Physique, Bulletin, n?. 25& (:929%.
p. 45.S;: bound with Journal de Physique et le Radium (ser. 6), v.

g

et g
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with a rotating interferometer was performed by G. Sagnac in
1913 ». Immediately following, references are made to the original
reports (14).

Of course, physicists have taken more note of the experiment
and at least one optics text gives a careful description of it, com-.
pl?te with schematic diagram (15). In a review of experimental
evidence dealing With the optics of moving media, in his well-
known book on relativity, Wolfgang Pauli also mentions the
Sagnac experiment, and evaluates it as follows : « The rotation
of. a reference system relative to a Galilean system can be deter-
mined by means of optical experiments within the system itself.
The result of this experiment is in perfect agreement with the
theory of relativity » (16).

Gn'ren comments like Pauli’s, it is little wonder that cven those
fe\:v historians of science working on the twentieth century have
Pa:d scant attention to the Sagnac experiment. Apparently it is
jus.t another in a long and somewhat confusing string of tests
whxch.serve as confirmation for Einstein’s theories, and further-
mo.re it played no part in the line of reasoning and experiment
whicl led up to the intqoduction of those theories.

e
-

But lt.at us now attempt, by careful analysis of the basic
concep.ts involved, to see what Sagnac really proved. Did he prove
the gxfstence of an ether, or did he prove the validity of general
rela.\hwty? Or both? It is most commonly said that his results may
be interpreted hy.either of these two theories; and yet the theories
tssem to be so radically diﬂ'erent that such a compromise is difficult
wo;xl((:fept as represertative of the true condition of the physical

If the ether theory is accepted, must we think of the ether as
fixed or as mobile? One might follow Michelson’s suggestion that
his 1887 results could be explained by assuming that the ether is
attached to the earth. But of course, Michelson, with Gale,
disproved this himself in 1924, showing that the earth rotates

(14) Ed d W i i
Electote ity,n;‘.mz, 196%"‘(11‘;%?;‘,’ ;,4 ﬁ;‘s!om of the Theories of Aether and

{15) R. W. DrrcuBurNn Light, 1953
, A . p. 337-339.
(16) Wollgang Pavwr, The Theory of Relalivity, 1958 (1921), p. 18-19.
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relative to a luminiferous ether. This result does not affect the
interpretation of Sagnac's results, however, since the earth rotates
much more slowly than did Sagnac's apparatus, In other words, in
interpreting Sagnac’s resulls, we can consider that the ether is
virtually at rest relative to the laboratory, or to the earth,

At any rate it appears necessary to affirm that rotational motion
in the ether has been discovered, but that translational motion
has not. This may appear to be a difficult dilemma. But when one
considers what happens to the envelopes of water and air which
surround the earth, the difficulty fades away. Air and water move
along with the earth in its orbit, and yet tend not to rotate with it.
Therefore they rotate with respect to the earth, in the same tempe-
rate latitudes in which all the ether drift experiments have been
conducted. The ether, of course, behaves in the same way (17).
But this rotational motion, also known as Coriolis force, is absent
at the equator. There, air, water and ether alike do not move in
a curved path but in a straight path, relative to the surface of the
carth. This suggests, incidentally, that a repeat of the 1887 inter-
ferometer test at the equator might yield positive results (indicating
rotation, not revolution}. Bear in mind that the cross-type inter-
ferometer used in 1887 is equipped to detect rectilinear motion but
not curvilinear motion (with respect to itsclf); and the rectangular
or polygonal interferometer arrangements used in 1913 and 1924
are able to detect curvilinear but not rectilinear motion.

Let us examine in more detail how the fringe shifts obtained
by Sagnac indicate the presence of an ether. In terins of the wave
theory, the fringe shifts seen by the camera are evidence that the
two superimposed light beams arrived out of phase. This means
that two waves which started ltogether, after travelling in opposite
directions, arrived at different times. This difference is visible as
a4 lotal difference in fringe positions, between two rotations In
opposite directions, of the amount 4p = 87NS/v,, where N is
frequency of rotation, S is the area of the polygon enclosed by the
light path (with platform at rest, apparently), and v, is the velocity
of light in the coordinate system of the room. The relationships
of velocity and length to the two coordinate systems (of the
Platform and of the room) are especially important to keep clearly

(17) Victor ANcer, in his Nouvelle Théorie de la Relativité et de
r Electrodynamique, L on, 1964, p. 5, draws an equivalent conclusion
about the ether from agnac's resulls.
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in mind. In terms of the classical (Galilean) transformations :
1) in the coordinate system of the room, the light path is shortened
in one direction and lengthened in the other; 2) in the coordinate
system of the platform, the change is in the velocity of the light.

In terms of a purely corpuscular, additive (emission) theory
of light, the fringe shifts are the result of establishing a relative
velocity between the ether and the apparatus; time lag of one
beam or another is not crucial. In such a corpuscular theory, the
ether itself would be composed of corpuscles, as suggested earlicr
in this paper. It is possible that light photons would set up a
subsidiary undulation in this ether, naking the timc difference
important after all. The details of the explanation of the Sagnac
cxperiment in terms of an additive-corpuscular-ether theory, with
or without subsidiary wave motion, cannot now be elaborated,
since the theory itself has scarcely yet been claborated. But the
lack of these details proves no handicap to the claim that Sagnac’s

fringe shifts are an excellent confirmation of the validity of some
kind of ether hypothesis.

The interpretation offercd by general relativity is much less
lucid than that offered by any variant of the ether thcory. Eins-
teinian relativity is based on logically conflicting postulates, and
so I do not think it can recasonably be expected that the inter-
pretations presented by its proponents should be clear, even in
the minds of these proponents. Nevertheless I will attempt to
expound the relativistic explanations which are on record.

Max von Laue wrote in 1920 that the differcnce hetween
Sagnac’s experiment and u:nother experiment (that by Harress,
using moving glass) lay in « the fact that in the Sagnac experiment
the empty room is the carrier of the light beams. Specifically,
the carricr is air of atmospheric pressure. This is optically little
distinguished from an emply room, except that
tinction the results depend » (18).

Now this sounds suspiciously like the classical explanation just
outlined, with one exception. Von Laue attribules the controlling
influence over the velocity of the light to the air of the room.
Sagnac attributed this influence to an ether, and as a matter of
fact, he had perfectly good reason for doing so. For with the plat-

on Lhis dis-

_ (18) Max von LAue, ¢ Zum Versuch von F. Harress », Annalen der

Lo omwe AN . e 400NNy 0 240 490
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form at rest, he tested the influence of moving air on his f::;g::;
In his own words, contained in the report of the .expe e
published in 1014, he says that « a turb.ulence'of air pll-:: e
over the interferometer by a fan with axns' vertical and how'
downwards does not displace the center of u}terferex.lce...fT ;:n eltl:;
bulence of air, analogous and less intense, whu:.h the inter ;;:refme
produces when turning, does not (it;;)e a sensible effect.

' only an. ether effect....» . .
" :‘ta‘r’::ightybe wondered whether this induced turhulen::e Ofr;':;:
was properly rotational in motion or not. Let 1fs go ba?k (t)h.eae o
laboratory experiments on the optics of mow:'mg media, ?chse
Fizeau in 1851 and of Michelson and Morlc?' in 1.886. In eatcpl. ‘cs
the cxperimenters tested the effect of moving air on th:ah rln‘gﬂas,
compared with the cffect of moving water. In each case .ere. "
no detectable effect from moving air. The'refore Sagnac 1is rTgb‘e.
Moving air does not displace interference fringes to any apprecia

extent. Therefore it cannot be the reason for the first-order rotgi'

tional effect obtained by Sagnac. Von Laue has fail-ed in his attemp
to interpret the experiment in terms of clear physical concepAst.. .
But what of the mathematical analysis? After all, rela lllwi'
won the day because of its mathematical eleg;.lnce as ml.lc ae
because of its supposed close fit with experimental ev1dencd.
Relativistic mathematical analyses of Sagnac's results were rrlx)a t:
by von Lauc in 1911 (anticipating the experiment)', and lfyt aut
l:angevin in 1921. Langevin’'s version is of particular in ;re:sl,
because it was made in response to an incisive challenge by m:te
Picard. Picard had asked for an explanation of th('a Sa.gnac resu Z
in terms of the general theory. He reminded his listencrs an
readers that Descartes had once declared that the « good comm.on
sense of humanity » is the hasis of truth, and the conncction
belween our thought and reality. « Without that accord‘»..con-
cluded Picard, « there is nothing hut skepticisin; and lhl? is an
error which theoretical physicists have not always avoided. »
Indced, a more appropriate reminder could sc.arcely have bf!en
made. Similarly, Melbourne Evans of the University of New Mexico,

who has recently demonstrated flaws in the argument for relative -

simultaneity, suggests that much of the trouble of modern science

i i i Journal
U9 G s SacnAc, ¢ Effet tourbillonnaire optique... »,
de phZISiaeuoerg(:er. 5). v. 4 (1914), p. 177-195, esp. p. 190.
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is due to a failure to heed Descartes’ warning never to let the
concretfa physical meaning of one’s mathematical symbols escape
from vnew;.in so doing one departs into subjectivism and fails
to communicate adequately with other scientists (20).

z?t any rate, Langevin side-stepped the challenge of Picard on
the-lssue of common sense, and presented the mathematical expla-
nation of the Sagnac results which is given by general relativity
The resuits of this explanation are as follows : .

The time taken by one beam to traverse the circumference of
the polygon on the platform is given by

t, = k/c + 47 NS/c2,
and the time taken by the other beam is given by
t; = k/c + 47 NS/c?,

wehe k is the length of the path on the platform, N is the fre-
quency of rotation of the apparatus, S is the area of the polygon
and of course c is the so-called ¢ invariable » speed of light '

The difference between these two values, or 87 NS/cz .gives a
prediction of the actual fringe shifts obtained by Sagna;:. Appa-
relftly, then, the theory is a success. But we run into difficulties
quickly when we ask just what the symbols in these equations
meax}. It turns out that we must conclude, in order to give any
p.hyslcal meaning to the equations, that one path must be of
different length than the other (since the times are different and
the velocity of light remains constant), in the coordinate system
?f the platform. It is not clear whether this difference in length
is su;zposed to be that which results from differing angles of
reﬂet.:hon form the moving mirrors. The equations themselves say
notl.ung about this. They seem to offer no more than the virtually
equivalent equations of the ether theory, while divorced from the
conceptual clarity of that theory. It is possible that the relativist
would scek to escape confusion by resorting to a claim that is
often 1.xsed in special relativity : that the two light beams do not
have different lengths after all, but merely travel in different space

(20 Emile Picarp, < Quel gori
X ques remarques sur la th i-
Yt 2. Comples Rendus..., v. 173 (1921), p. 680-882, esp. p. §89; onsrcoed
M, Soor o _;zim his « Sur la théorie de relativité et Pexpérience de
SmSagnac ;':'a Cr:itilt):'a 18:1-8134.i Melbourne Evans, ¢ The Relativity of
Simulien nalysis », Dialectica, v. 16 no. 1 (15 Mar. 13'62).
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systems, which do not share an objective unit of measurement.
This device of different space systems serves the purpose of pre-
serving the non-additive character of the velocity of light.

Even apart from the problem introduced by substituting a
multiplicity of interpenetrating « spaces » for a single space, thus
rejecting the standards of Ockham’s Razor in a conceptual sense,
and apart from the small matter of removing the possibility of
objective agreement between relatively-moving observers (which
is, incidentally, the very keystone of the relativistic world-view),
the device of different space systems, along with any other dodge
I can possibly imagine, fails to account for one wvery crucial
disagreement hctween the general theory of relativity and the
experimental results obtained by Sagnac : Sagnac has shown us
a preferred coordinate system. He has shown us which system is
at rest and which system is moving. He has shown that when a
platform with light path rotates in a room, interfcrence fringes
move. He has rotated a fan over the platform, thus establishing
relative motion between the light path and platform at rest in the
room, and the fan, and no effect was observed. Only relative
motion with respect to the room produces electromagnetic and
gravitational effects such as the equations of general relativity
describe. More accurately, of course, the motion is with respect to
the coordinate system of the sun and stars; this is the preferred
system for earthlings.

Now it is possible to modify the theory of gencral relativity
so as to use its equations and yet specify that one coordinate
system is to be preferred, i. e. at rest. This results in removing
the notion of relativity from general relativity, and leaves it as a
theory of gravitation. The equations given above provide a pre-
diction of the effect of gravity on photons, or in the other termi-
nology, on clectromagnetic waves. Such a reinterpretation has in
fact been made, in particular by V. A. Fok, and I believe I am not
far from right in stating that many physicists in Western countries
accept this interpretation (21). . '}

But what are the larger implications of such a reinterpretation?
It tells us, in effect, that the coordinate system of the room.
controls the velocity of the light. Now we may just as well say;

j

(21) V. A. Fok, The Theory of Space, Time, and Gravilaiion (2nd'

edition), 1964 (English translation of Russian 2nd edition of 1961). i
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that tl.le room contains a luminiferous ether; for a luminiferoys
eth.er is, in a functional sense, until we can be absolutely sure
of its exact nature and composition, nothing more than a coordinate
.system which controls the velocity of light. This, then, strange as
it. m'a)'/ seem, is the result of applying the equations of general
relativity to the results of rotational ether drift experiments : the
theo.ry. becomes a gravitational theory and also an ether lhe;ory
But it is not so strange after all when one considers the recollection.
of Kapitza, that Einstein once urged him to make a test of the
effect of a magnetic ficld on a light beam because he (Einstein)
fel-t that the speed of light must be « dependent upon some-
thing » (22). The « disappearance » of the cther in 1887, which
led to the theory of relativity, is now seen to be nothin'g more
than a.fantasy. Experiment has returned the ether to physics
confirming the suspicions of Einstein himself, and the relativit is'
taken out of relativity theory. Y
It. I.nay still be asked whether or not the equations of general
rt.alatlw.ty can stand the test of time. There has recently been some
dlscusm?n, in the professional literature of physics, of various
alternative theorics of gravitation which were ‘prop,oscd in the
f:arly years of this century, in particular by Nordstrém. Although
it has 'becn concluded that none of these other theories are able
to predl‘ct the advance of the perihelion of Mercury and the bending
of sta.rllght by the sun as well as docs general relativity (23), the
new light which has been cast on the potentialities of an addi'tive-
ethe.r theory lcads us to wonder if some changes in the mathe-
matlf:a.l structure of general relativity are not in order: for general
rel:-itlw'ty'assumcs the corrcctness of Maxwell’s the(;ry of light.
which is imcompatible with an additive theory. Furthermore, it is
supposcd to represent a generalization of the two postnl'xt'oq of
special relativity, which cannot both be frue at ance. o
Let me now summarize the principal implication of discovering
an t-?ther, or a preferred coordinate system. By fixing the velocity
of light with respect to the ether, we find that it is impossible l;>
deny this fact : In the ether, motion of an observer with respect lo

.(22) Peter KaPITzA, « The Future of Sci ] i

Scu(eélé;slls\, v.LIB}?O. 4 (Apri181962). ;.03—'§.Cleil;f.ep?'5?u"ehn of the Atomt
) A« L. HARVEY, « Brief Review of L - i

Theories of Gravitation's. American Journal of P?yl;fel;}-z. Cvov:; lggt nS{c'zli‘l::
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a photon will change the velocity of that photon with respect to
the observer. If a photon is coming towards me at velocity ¢, and
| suddenly more through the ether towards it, the net velocity of
the photon towards me then becomes ¢ plus my own velocity. This
is not true in special or general relativity; in fact it contradicts
one of the postulates of special relativity. There is simply no way
to have special relativity and ether at the same time. Yet the
cvidence demands that we recognize an ether.

What is the source of the ether? Perhaps each body emits
radiation which constitutes its own ether. (Such radiation may be
stimulated by radiation received from outside the body : in the
casc of the earth, by radiation from the sun.) This supposition
is plausible in view of the fact that the ether associated with the
carth behaves essentially like air and water, as to its movement
relative to the earth : like air and water, therefore, it should have
its origin in the earth.

Further investigation of the origin and nature of the ether
should lead to a consideration of the nature of gravity and the
causes of the earth’s motion. There is a strong possibility that
radiation is the cause both of gravity and of the earth’s rotation,
if not also — in combination with some externally-imparted
motion — of its revolution. There are many reasons not cited
above which support this possibility. For instance, why de we now
lind such a phenoincnon as a « gravity wave », and why do some
plhysicists speculatc on the possibility of its being « quantized »?
Simply because gravity is basically associated with electromagnetic
waves, which in turn are probably no more than abstractions or
subsidiary phenomena associated with quanta of light, or photons.
« Action at a distance » has never been more than a poor
substitute for an explanation of gravity, describing a function
rather than the cause of the function; we tend to forget this
because we rarcly look for causes any more. Newton himself did
hol assign the cause of gravity to acltion at a distance; he was
favorable to speculation in terms of « some subtle medium » (24).
Radiation, or photons, which were scarcely known as such in

(24) The most detailed discussion I have found on the possibility
thay gravity is caused by radiation is in the Lighly speculative, privately
distributed writings of Hugh A. BrowN, 115 Prospect Ave., Douglaston,

N VY  nartienlariv in ¢ Cravitation « dated Ang 10 19080 and
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Newton’s time, provide just such a medium. The way in which
they operate, involving most probably something closely analogous
to the vortices of Descartes, can at present only be dimly perceived;
but the specific results of optical experiments involving ether drift
give us solid ground upon which to build. We must not ignore
promising speculation simply because it now lacks complete
confirmation.

*
%

In conclusion, I should like to mention briefly the experiment
of A. Dufour and F. Prunier, reported in 1942. These experimenters
used a rotating platform with mirrors, just as in the Sagnac
experiment, but their light source was fixed in the.‘laboratory.
and in one variation their camera was fixed also. They claim that
their results cannot at all be explained by general relativity, even
using Langevin’s analysis; Langevin has attempted to meet their
challenge (25). Although I am not here going to attempt to judge
the merits of this controversy, it is possible that the work of Dufour
and Prunier will prove even more important than that of Sagnac
in future work on theory of optics and of gravitation. Of course,
this would still not detract from the honor due to Georges Sagnac
as the first man to demonstrate the existence of a luminiferous
ether.

John E. CHAPPELL Jr.
Central Washington State College

(25) A. Duroun and F. PRUNIER, ¢ Sur un déplacement de frang:
enregistré sur une plate-forme en rotation uniforme », Journal de 1”"’"
sique el le Radium (ser. 8), v. 3 no. 9 (sept. 1942), p. 153-162. A brn
reply by LANGEVIN is inserted at the end of the article. A previou*
exchange between Dufour, Prunier and Langevin over the Sadn!
experiment and variations on it appeared in the C. R. Acad. 5.“'.‘
v. 200 (1935), p. 46-51; v. 204 (1937), p. 1322-1324, 1925-1927; an(l.V- 2;(
(1937), p. 304-306. The Sagnac experiment has been repeated, with '-:r
same but more reflned outcome, by W. Macek and D. Davis; see ”".' 4
« Rotation Rate Sensing with Travelling-Wave Ring Lasers », Applf
Physics Lelters, v. 2 no. 3 (1 Feb., 1963), p. 67-68.

Apercu biographique sur Regen,
pionnier de la bioacoustique
des Insectes

/

« Vi dico che ho la cicala in mano, e
! non so come la cantl... > (1) GALILEE.

La vie d'Ivan Regen (2) fut d'unc grande simplicité. Homme
solitaire et paisible, fonctionnairec modéle pendant cette calme
période de l'ancienne monarchie autrichienne qui précéda les
désastres de la premiére guerre mondiale, Regen consacra son
rxistence 4 une étude inflniment patiente de la stridulation des
Orthoptéres. Il ne connut, semble-t-il, aucune autre véritable
pussion que celle d’écouter, a I'instar des anciens Chinois, le chant
d-s Insectes.

D'origine trés inodeste, lvan Regen naquit le 9 décembre 1868
‘1ans le petit village de Lajse prés de Trata dans la vallée de Polje
Poljanska dolina) en Slovénie. Alors partie de I’Autriche-Hongrie,
' ferritoire 4 la beauté sauvage appartient aujourd’hui i la
Yougoslavie,

‘Rudolf Regen, pére d'lvan, natif de Trieste, était un enfant
“lurel. La grande différence sociale entre ses parents ne leur
“-rmit pas le mariage. Elevé par la famille de sa mére & Trata, en
Muovénie, Rudolf devint tisserand et se maria avec une paysanne
““neéne, Mina Jereb, dont il eut trois fils. L’ainé, Joseph, entra en
" idion, tandis que le cadet, Ivan, non sans de grandes difficultés

‘. ", + 3 » -
“1's 4 la pauvreté et a I'incompréhension de ses parents, se voua
t L seience,

:;‘ G. GauLel, Opere, Edizione Nazionale, 1. VI, p. 137,
- .' ."“ﬂs_ ses publications et dans la plupart des documents admi-
. ™Uls rédigés en allemand, Regen employait la forme germanique
"!"""; prenom : Johann. Nous.donnons ici la préférence a la forme
o1 ".‘ 'an, car c'est ainsi qu’il se faisait appeler par ses compatriotes
1l signait la plupart de ses lettres. , , .
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