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Optical Theory in the 19th
Century and the Truth about
Michelson-Morley-Miller
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To understand the ground-breaking significance of Dayton Miller’s ather drift -
measurements, one must go back to the original discoveries of Fresnel on the wave theony
of light and ils subsequent development in the 19th century.
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|ais fwho is also the winner of the 1988 Mobel Prize in

economics), presumes o familiarity wilh the classic ex-
periments of American physicist Dayton €. Miller (1566-
19417}, For thie reader uniamiliar with this important work, car-
ried aut during the fiest theee decades of this century, and with
the physical theory on which it is premised, we provide this
suemmary reviewe. Our interpretations may mol, of course, agres
in all cases with those of M. Allajs.

1. Origin of the Wave Theory of Light

By the time of the death of Augustin Jean Fresnel in 1827,
al the early age of 39, Isaac Mewton's theory of light, which
had prevailed for the entirety of the previous century, was
dead and all but buried. The assauvlt on Newton’s Oplics
had eriginated in England iself with the work of the highly
cantroversial genius Thomas Young: il was brought to a de-
cisive conclusion by the Ecale Polytechnigque’s Augustin
Fresnel, through an experimental-theoretical effort, lasting
appraximately 12 years, from 1814 to his untimely death.

Mewton had argued that the principal phenomena inoptics,
such as the refraction (bending) of 3 ray of light when passing
from one medivm into another, or its dificaclion {apparent
bending around small objects), could be explained on the ba-
sit of a theory of altraction, consistent with his hypothesis of
universal gravitation. In Mewton's view, light rays consisted of
trains of very small corpuscles, which, on encountering ob-
jiects, are attracted 1o them in proportion to their mass, It is
cansequence of this theory that light would travel at a greater
valocity in denser substances, such as glass or water, than in
air. Mot until the mitddle of the 19th cenlury was it possible 1o
dafinitively prove that the oppositeis the Case.

Well before that time, Young and Fresnel had praved the in-
validity of Newton's aptics by fecussing their efforts on the
more subtle phenomenon of diffeaction,

When a peacil of Hght of one color is directed at a very nar-
o object, such as a hair, or
the edge of a knife, or is
cavsed to pass through a
srall aperture or slit, and is
then projected anto a screen,
close examination with a
magnifying lens reveals the
presence, on the white
screen, of parallel bands of
alternating light and dark-
ness, Young explained these
interference fringes, as they
came to be krsoawn, by revive
ing the wave theary of light.
last propounded by Gottfried
Leibniz's famous teacher and
collaborator, Christiaan
Huygens, In his 1678 Trea-
tise o Light.

According to Huygens, a
substance, known-as the
ather, consisting perhaps of
invisibly small particles, must
pervade all space, and the

T he accompanying anticle by French physicist Maurice Al-

Afger s poir by Trries, Froodspiecs Trom: ol || of Frewel's wons

obstacie,
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matter contained within it. The propagation of light, in this the-
oy, consisis of a wave-|ike disturbarce of this ether, sompwhat
analopous ko the passage of & wave on the suriace of water, (The
analogy of light, and saund, 1o water waves, which exhilst the
phenomenon of interference, was first proposed by Leonardo da
Winch) In Hiregens's theory, an unnbstrugtied light source sends
ot light incall directions, fomeing & spherieal wave-fronl of ex

panding concentric spheres,

Young explained the allesnating light-and dark fringes, as
seen onasereen placed behingd a knife edee, for example, as
places where fight waves proceeding directly from the source
to the screan, wene meeling up with Eght waves that had been
slightly deflected by the cdge of the Blade, Having thus frav-
elled i shightly longer path, the deflected /diffracted] rays
should be in a different phase than those which proceedesd i
rectly 1o the screen, (The concept of phase is best upderstood
by analopy to water waves, [ bwo water waves, a5 fram the
wakes of passing matar hoals, cross each ather when bath are
al their peak, or crest, the resultant wave formed by their mo-
mreniary cambination is larper than either of the two compa-
nents, Afternatively, if the wo waves cross when one = at its
peak and the ather in its trough, their mormentary combination
cancels the effect of either, producing a smeoth surface on the
water. The results are known, respectively, as canstuclive or
destrctive interference.)

By carclul experimentation, Young was able lo ecimate the
length of a light wave, with considerable accuracy @ loex-
plain In great delail a variety of diffraction pheromena, includ-
ing the fringes produced by thin plates separated by air or clear
liquiths. His success in developing the weive thean o take ac-
count of these complex phenomena was remzr-zhle, espe-
cially considering tha he worked almost alons 5 a counlry
fanatically commitied fo defending Mewton's suetem, After the
publication of his early papers critieal af lewton, Young bie
came the abject of a fierce attack by Henn Beougham, late:
Lord Charcellor of England, in the Edinburs® Seview, an at-
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Thomas Young (T773-1824)

Young and Fresnel proved the invalidity of Newlons optics by focissing thei- effarts on the
more subre phenomenon of diffraction, the disturbance in g wave front caused by a sma



tack that was so successinl that when Young attempted to re-
ply by pamphlet, Young's work sold only one copy.

The son of a wealthy Quaker business family from Somerset-
shire, Yaung was a precocious polymath. He mastered ¢ight
largurages by early adolescente, and later was said 1o be able
i play every instrument in the orchestra with proficiency. Me
studied a year at Gittingen University in 1795, and returned to
England 1o take a degree in medicing, His first study brought
him into controversy with the leading authorities in the fleld,
owier the function of the crystalline lens in the eye [n accom-
modation. He authared monographs in mechanics, geometry,
natural history, 2nd rmackine design, and took up the decipher-
ment of Egyptian hieroglyphics, making important sarly contei-
butions o the fiehd,

Frestel Revives Huygens's Principle

I 18141818, the further developrent of the wave theory
shifted ground to France, where the superior resources of the
Ecale Polviechnigue, and a 150-vear radition of Leibrizian
seignee would be brought to bear on it. Augustin Fresnel, al-
ready by then in intimate dizlogue with André-Marie Ampre
on matters of thealogy and natural philasophy, began his at-
tack on the problem in 1814,

Fresned was horn May 10, 1788, at Broglie in Momandy. The
revalution having intermupted his father's work as an architect on
the harbor at Cherbourg, the family mowed to a small town near
Caen, where young Fresnel was raised and schooled, He
showved no taste for languages, and was an undistinguished =tu-
dent in his early years, But his scientific talents blooned carly;
he designed toy bows of such poawer, for use In childhood war
games, fhat the reighborhocd parents had to confiscate them,
His childhiood friends called him *the genius.”

Fresnel entered the Ecole Polvtechnique in Parisat age 16,
in poor health, but sa distinguished himself in georretry a5 1o
win public praise from the famed Legendre. He vwarked far 10
years ina meodest position as a civil engineer in the depantiment
of ponis ef chapssdes [bridpes and roads), His work in optics
began in 1814, the same year he allied himsel{ to the cause of
he Bourbon restoration. He to vehemently opposed the brief
relurn of Mapoleon in 1815, that e was deprived of his office
during the Hundred Days, although he was allawed 1 live [n
Paeis. Between then and 1824, amid intermittent bouts of il
lealth, he revalutionized phisical science with his work in op-
tics. Ponr health in 1824 forced him to abandon all scientific
resoaneh, except for a successiol project 1o design a new type
of lens for fighthauses. He died in 1827, barely 39 years old.

In 1816, Francois Aragn, then in experimantal callaboration
with Fresnel, visited Young in England to discuss the interpre-
tation of polarization. By 1818, Frespel had made a discovery
that brought the wave theory beyond the point achieved by
Younp. To do so, he reintroduced a hypothesis concerning the
propagation of light which kad first been proposed by Huy-
gens mare than a century earlier, and whose broader implica-
tions are yed to be sxplored,

In examining more closely the conditions under which inter-
ference fringes are praduced, by the interposition of a slit or
narraw tbject inta the [ight path, Fresnel saw that it was insuf-
ficient to suppose that the fringes resulted merely from the in-
teraction of the direct ravs from the source, with rays deflected
by the saeall obsteuction. Rather, it was necessary to suppose

that every point of the advancing wave front acts fike an inde-
pendent source of reproduction of the inftial disturbance,
which we call light. Thus, from each point in the space sur-
rounding a light source, new spherical wave fronts are being
generated, If na obstruction is encountered, the light from
thiese new spherical sources will continue omward on the same
gutwardly directed radial lines, while the backward-directed
rays will be cancebled a5 a result of interference effects.

Suppose, however, that the spherical wave frant should pass
through a small aperlure in a screen a5 in Figure 1. Let AG be
the small aperture through which the light from C passes. Let P
represent the darkest paint in the darkest band of the interfer-
ence Iringe formed on the screen B0, According to the earller
inespretation of Young, the darkness is produced by the meet-
ing of the fwo extreme rays, AP and GP, whose difference in
lenpih comrespands to one-half wavelength that is, 1o a masi-
mum difference in phase, where, by analogy to water waves,
crest meets rough),

But, careful sxperimentation showed Fresnel that the darkest
paint in the darkest band occurred where the difference in
length between the extreme rays, AF and GF, coresponded to
ore whole wavelzngth. If the two extréme rays, AF and GF,
were-alone respansible, they would interfere constructively to
produce here a maximum il luminatian. By careful considera-
tion of 1his paradox, Fresmel was led o2 new hypothesis, com-
hining the principle of intedesence with Huygens's Principle of
propagation.

The light passing through the aperiure AG constitules a very
smatl segment of the tpherical wave front emanating from C.

<

P B o 2]
Figure 1
FRESNEL APPLICATION OF HUYGENS'S
WAVE THEDRY TO INTERFERENCE

Light of one color, ariginating at C and passing through
the small apérture AG will form dark and light bands,
known as interfercpce fringes, on the screen PEOD,
Augustin Fresnel (1788-1827) applied Huygens's
Principle of continuous re-propagation of light fo ex-
plain the pheaomenaen,
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41 each paint along this segment AG, accarding to Hupgens's
Principle, new, secondary waves are being penerated, whose
effect at the point P cannot be ignored. Fresnel shows that it is
the action of these secondary waves which produces the de-
structive intesference, hence darkness, at P,

To cee how, Fresnel asks us to imagine another ray, P,
deawn to meet the centor of the are AG. Because of its marked
inelination to the arc fwhen P falls close to the center G, the
interderence patterns disappear), the ray Flis almast exactly the
mean between GF ad AF. As these differ by one whole wave-
length, Pf must be in exactly opposite phase with either of
them, The result of its inferaction with either is destnective in-
torference at P, and the same is true of corresponding pairs of
secondary rays coming from the bwo halves of the are. As Fres-
nel describies it in the repad of his experimental four de foree:

We now have the arc divided into two parts, whose
carrespanding elements are almost exactly equal, and
send to the paint Pvibrations in exactly opposite phases,
s that these rust annul gach other!

In |ater investigations, Fresnel worked out the theary of re-
flection and refraction, polarization, and the ransverse nature
of light vibrations, showing all to be in-accord with his wave
congeption, His treatment of the phenomengn of double re-
fraction, occurring in cerain types of crystals, where bwo rays,
vefracied at different angles, an ordirary and extracrdinary ray,
are produced from a single pencil of light, drew much atten-
tion. His solution required the construction of 4 geometrical
surface of the fourth order ta describe the hypothesized density
digtribution of the ether within a certain type of such crystals,
krown as biaxial, In 1832, the lrish matheratician William
Rowan Hamilton noted: that paints of discantinuity in Fresnel's
stirface should give rise to physical singularities in the propa-
gation of light rays passing through them, which results were
wverified in the course of subsequent decades, establishing the
validity of Fresnel™s theory with great cedainty.

The cecond half of the 19th century saw an explocion of at-
tempts to provide what came 1o be known as a dyparical
model of Fresnel's ether, By this was meant, essentially, a me-
chanical anatogy (such as, for example, the suppesition that
the ether is an elastic solid like a crystall, from which the equa-
tions describing the hehavior of light could be deduced with
mathematical consistency,

The essential flaw insuch an appreach was the ungues-
tioned assumption that processes in the universe could it a
simple mechanical analopy. Fresnel had to battle early effarts
along these lines by his rival Siméon Denis Poisson (1781-
18404, Poisson’s ether, Fresnel remarked in correspondence
with Paisson, was only “a mathematical abstraction,” not the
real thing. Or, to put the matter on hroader foundation, one
might ask: why should God have so constructed the universe
that the propagation of light be explicable by analogy either o
a fluid, or 1o a simple mineral erystal? To Fresnel and his philo-
sophical allies, such as Ampére, a5 to Carl F. Gauss and Wil-
helm Weber in Germany, whose parallel researches in mag-
netisni and elecricity were leading to similar paradoxes,? such
reductionism was not aceeplable. But, among the leading sci-
enlists of the generation fullowing Fresnel, only Bembard Rie-
mann at Gittingen University dared a full-scale assault on the
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reductionist prejudices then engulfing scientific discourse. In'a
bold effort, Biermann attlempled to canstruct a new physics n
which the principle of aperation of the human mind in gener-
ating riow thoughts, rather than a simpler, mechanical analogy,
ar formal mathematical representation thereof, was fo be the
foundation,?

Uinfarunately, the work of Riemann and a small circle of as-
sociates was effectively contained, with the result that the
main line of sxperdmental develapment in optics proceeded
from thie far more restricted framework established by lames
Clerk Maxwell, beginning about 1858, This is the standpoin
sormetimes referred to as the English school, although it origi-
nated with the leading French opponents of Fresnel and Am-
pére—namely, Plerre Simen Laplace; Poisson, Augostin Lours
Cauchy, and Jean Baptiste Biotd

2. The Question of Relative Motion

The paradox that consistently arose to explode all effors a
constructing a self-consistent theery of the propagation of light,
centered on the question of the effect of the telative motion of
the medium an the velocity of light, To hest understand this
paradox, we go back to the discovery of the phenemenan
known ag aberration,

The Danish astronomer Gle Romer first suggested the exis-
tence of aberratian, in a 1677 letter o Huygens. (1 1728, the
English astronomer James Bradiey reported on abservalions
confirming the presence of such a phenomenon as the resull of
the retarded rate of propagation of light,® From Bradley's stand-
painy, which was that of the corpuscular theory of light. aber-
ration could be explained in the following way,

Imagine that you are rying to land a drop of water from an
eve dropper diréctly onto the bottom af a narrow test tube,
which is attzched to the aulside of a revolving turntable: If the
opening of the test wube is pointed dircctly up at the eye drop-
per, the water droplet will clearly hit the side of the test tube
befere steiking the bottom, The prablem is that in the time the
droplet falls from it entey into the mouth of the tube, the side
of the test tube moves forward to meet it. This problem can be
avergome by inclining the test tube forward, in the direction o
its motion. il the angle is correct, a drop of water entering Lhe
mouth of the test tube, will fall to the bottom, never touching
the side of the whe, The proger angle of inclination will de-
pend an te ratio of the velocity of the wimtable to the velocing
of the falling water droplel.

Mo, substitute for the test tube, the tube of a teloscope; for
the wrntable, the Earh®s motian In its orbit; and, for the veloc-
ity of fall of the water drogplet, the velocity of light, The latter
two quantities are, respectively, 30 and 300,000 kilometers
per second, This leads 1o a desired angle of inclination af a
teleseape twhe of a little more than 20 seconds of arc (abaut
1/180th of & degree’ i the direction of the Eath’s orbital mo-
tion, when viewing a star whose actual position is directly
overheatl, The figure of ruughly 2015 seconds of arc is known
as the constant of aberration,

The same explanation 2pplies on the assumption that the
light consists of a wave, or a train of waves, raveling down the
telescope tube, as the e s propelted through space. One
mist, however, assume that the ether inside the lelescape e
is new carried along with it {if it were, there would be no aber-
ration); ratter, that the Earth; and the telescope tube, move




Courlédy MD@; Wastam Rssons Uity Archivos
Albart Michelson with his imterferometer in the 1320s,

freely through the ethereal medium, which must be at rest with
respact to the Earth's motion, Motice that we are considering
twor media here: the air it the teleseope tube, which we as-
sume o be carried alang with the wbe, and the luminiferous
ether, which we suppose passes through the pores of matter
“ag freely as the wind through a grove of trees” (Youngl.

Suppose, now, that instead of air, we fill the telescope tube
wilh warter. We know preciscly the rate at which the velocity
af light Is slowed in water, as compared toair Looking at our
example of the water drop and test e, we shauld have the
case now, in which the drop falls more slowly, and thus the
tube weoulel need o be more inclined—ihat is, a greater con-
stant of abarration. But experiments by the English astronomesr
G.B. Airv, in 1871, showed that there was no change in the
constant of aberratlon using 3 water-filled telescope.

This was precisely the result anticipated by Fresnel a half a
century carlier, when he tormulated his theory to explain the
results of experiments by the French astronomer Arago, which
fagl shown that the motion of the Eath does not change the re-
iraction of starlight by the Farth’s atmosphere, To explain the
lack of change in the constant of aberration, when the Irans-
mitting raecivm is changed, Fresnel introduced the hypathesis
that the ether is carried along, o convected {eniraing), inside
the telescope luba. To explain the variations in index of refrac-
tinn hetween differont transparent media, his predecessor,
Young, had already supposed that the ether is more com-
pressed inside of substances with a higher refractive index. In
an 1818 lettar to Arago, Fresnel added to this, the assumption
that the ether inside a moving boedy s partially carried alang
with it. Thus, if arectangular glass prism i moved theough the
air, dor example, it takes in less dense ether through the front
surface;, condenses it, and expels it oul the irailing surface,

somewhat like a ramijet, But a part of the denser ether is carried
alang with it, the more 5o, the greater the index of refraction

To understand the non-change of the aberration constan
when the telescape tube is filled with water, we have, o,
the following; The telescope is inglined fonward in the direcs
tion of arbital motion of the Larth, so that when the wave frond,
were il moving through air, reaches the eyepiece of the tele-
seapd dl the bottom of the tube, the eyepicce has moved for-
ward the requisite amount Lo “catch” the wave front. Bul, faies-
cause we have now filled the tube with water, the wave (ront,
which travels moge slowly inwater than in air, should ke arriyv-
ing at the eyepiece too lale. However, hecause the mare con-
dansed ether within the water is partially carried alang with
the telescope tube in the direction of the Earth's motion, the
wave front is advanced along with the ether, just enough so a3
to arrive at the eyepioce |1 Hme 16 be seen,

o, with tweo crucial hypotheses, Fresnel was alile 1o give a
complete explanation of aberration, As summarized Baler by
his famious American succeisor, & 4. Michelzon, these two hy:
potheses wire: (i, that the ether is-at absolute rest, excepting,
serand, In the interior of transparent media, where the sther
mioves with a velocity less than the velocity of the medium in
thie ratic (n? — 14¢ (where i is the index of refraction). These
were considered as fully confirmed by later experiments, of
whith ar 1851 effart by French phisicist AHL Fizeau was the
rrigest fannous.

3. The Inferferometry Experiments

it was the first hypothesis of Fresnel, which American physi-
clst Albert Abraham Michelson (1552-1931) sel eul 1o test in
his fameus intarferpmetry cxperiment, fisstin 1831 in Berlin,
then, in 1867, with an improved apparatus, @ the Case School
of Applied Science in Cleveland, and several times thersafter
in the decade of the 1920s. But his results alse called into
question the validity of the second hypothesis by which Fres-
el had explained aberatian.

Ak, Michelsar was born in 1852 in Stralno, Prussia (now
Paland), to a German-|ewish family, which emigrated o the
Linited States in 1854, After temporary cmployment in Mew
Vork as a jeweler, his father took the family to San Francisce,
where he established a small dry goods business serving the
gold rush mimers In nohern Califoraia, moving fater to Vir-
ginia City, Nevada. Young Michelson was educated at Boy's
High School in $an Franciseo, where headmaster Theadore
Bradley encouraged him on & career in science. He tied fior
first place with lwo other boys from his state in the examina-
tion for «chalarship ta the L5, Naval Academy, When he did
not et the appointment, ke ravelled owerland o VWashingtan,
with & letter from his congressman, seeking an audience with
President Ulysses 5, Grant. The President Lold hin that the last
& the 10 special appointments-at-large had been filled, but ad-
wised him to go to Annapolis to see the Commandant of the
aval Acadeny, who created an additional opening for him.

In 1877, while an instructor in physics and chemistry at th
Waval Academy, Michelson conceived of an improvement in
the French physicist |.B.R.Foucault's apparatus for determining
the valacity of light, Using-a $2,000 subsidy from his fatheein.
law, the wealthy New York businessman Heminway, he detee-
mined the velocity of light to be 186,508 miles por second,
with an estimated emor of one part in 10,000, W was the fourth
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térrestrial measurament of the speed of light, the other three
having been carried oul in France by Fizeau, Foucault, and A.
Cornu.

In 1880, Michelson raveled to Europe for post-graduate
study under Naval sponsorship. While in Bedlin, he congeived
of a means to- measure the relative motion of the Earth with re-
spect o the ether, in defiance of the assessment of leading
British scientist James Clerk Maxwell (183121879, who had
recently asserted the impossibility of such a measurement

Drawing on a fund established by Alexander Graham Bell
with the Berlin instrament-making firm $chmidl & Haensch,
Michelson had an apparatus comstructed, which he put 1o the
pxperimental test in 1881 at Berlin and Potsdam, His idea was
1o use the phencmencn of interference to detect very smiall dif-
ferences in path length between two pencils of fight, one trav-
elling back and forth in the direction of the Earth’s arbital mo-
tion theough the hypothesized ctationary ether, and the ather
perpendicular to it. The apparats, which came to be Enown
around the world as the Michelson interferometer, cansisted of
twa perpendicular brage arms of equal length (about 1 meter),
each with a mirror on the end (Figure 2), A source of light at a
projects its ravs lo'a piece of plate glass, located at &, and an-
gled at 45 degrees to the direction of the ray. A thin coating of
silver allows approximately half the light to pass through the
glass, and down the arm to the mirrer at & The remaining half
is reflected by the silver coating ata right angle at b, down the
ather arm Lo Lthe mirmor at d.

©n thee refurn trip, half the rays fvom ¢ are reflected from the
silvered back sicle of b into the tube of the telescope at o Hali
the rays reflected from the end of the other arm al o pass
thraugh the partially silvered glass b, and also enter the tele-
scope at o. (At gz plate of glass of the same thickness as b is

interposed to compensate for the fact that the ray along the
atrm b is refractod theee times, by the thickness of the glass,
and that along & only once, in their passage to e

The apparatus is adjusted so that an interference fringe pat-
tern is seen in the evepicce of the telescope. Any slight change
in the path length or time of travel of Tight traversing one of the
anms, will produce a shift in the observed fringe pattem. If one
of the 2rmé of the apparaus were then placed in the direction
of the Earth’s motion through the ether {presumed stationary},
ealculation showed that it would take the light zay a longer
titme to travel the round trip down this arm and back, than the
ray traversing the other arm in the perpendicular direction.
(The caleulatian is akin to that of comparing the time it takes a
swirmnmerin a river b swim upstream and back down agaln, as
against swimming across the current.”}

But, what was the motion of the Earth with respect to the sta-
tianary ether? At the time of the 1881 experimant, astronomers
had detected a motion of the solar system, of undetemined
speed, in the direction of the constellation Hercules. The mean
orbital velocity of the Earh, abaut 30 kilometers per second,
was well known, Michelson assumed that the resultant of the
two would be the Barth's absolute, or cosmical, motion, By es-
timating a range of values for the veloeity toward Heecules,
Michelsan estimated an expected displacement of the interfer
ence pattern of at least 1/10'of 3 fringe, His apparatus, which
was capable of detecting shifts an onder of magnilude srnaller,
could find no such positive results.

pichelson’s first interferometer was plagued with problems
Its sensitivity 1o vibration meant that it could rol be used dur-
ing the day in Berin, and at night only with difficulty. The
brass arms were subject to differential expansion as a result of
temperature changes, and to bending when rotated, Alter-

o

Figure 2

through the apparatus.

Senires: A Michomon, 181, The Falalve Moton of the Earih and te Liinlorsis ESL" ATLL 5o, P

Wol 3, Mo 2R, pp, 122, 124

FIRST MICHELSOMN INTERFEROMETER (1881)
AA, Michelson’s instrument, constructed in Berlin fn 1881, for detecting
the refative motion af the Earth through the ether, used the principle of
interference developed by Fresnel. Inset shows the path of a light ray

40 Spring 1998 2151 CENTURY




onrein 1895 and of the American Chemical Society in 1899,

alions were made, and the instrument was remiaved tothe less-
traitiebed locale of the Astraphysical Observatary in Potsdam,
and finally 16 :a stane cellar in the viginity,

Here, e (inges under ardinary clecumsiances were
sufficiently qulet to measure, but so extraosdinarily
sersilive was the instfurnent that the stamping of the
poverent aboul 100 meters from the observatory, made
th fringes disappear entirely! Ivichelson 1881, p. 124

From four senes of observations made in April 1881, no sig.
nificart evidence of a solative mation through the ether could
b found. Michelssn concluded:

The imterpretation of these resulis i that thers is oo
displacement of the inferforonce bands, The réesult of the
hypothiesis of a stationary ether s this shown o be

Counagy of Case Weatom Rosen's Unoeesity Ardbhis
Eefwareed W, Marlay, (upper rightl, with.chemistry students af Westerm
Resorve University, 1896, Although trained as a theologian, Modey
hecame a gifted expermenter in chemistey; he precisely determined
the Fatio of the densities of evygen and hydrogen, and the atomic
weight of oxyger, Bora fn Mew ferssey in 18338, Morley attended
Willizms College and Andover Theological Seminacy, He was the
presicont of the Amerlcan Association foar the Advancement of Scf

incorrect, and the necessary conclusion fallows
that the hypeihesis is emoneous.

This conclusion directly conteadicts the
pxplanation of aberration which has been hithedo
generally 2ccepted, and which presuppeses that
the earth rosees throush the ether, the Bl
ramairing at rest [Michelson 1881, p. 128; the
hypthiesis e refers 1o is Fresnel’s],

After his retum from Europe m 1RE2, Michelson fook
the position of Professor of Physles at the neswly arga-
nized Case Schaol of Applied Science in Claveland,
Cahie, Heee be met Edward W, Marley, professor of
chemistey ar the neighbosing Western Reserve Uiy
sity, wha had ideas for improvements in (he interferoms
eter, particularly respecting the stability of its base,
Apart fram the hypersensithvity of the Berlin-made in-
shrursient, 3 srtiall ereor in expermental conception had
been pointed oot to Michelon by MA. Patler of Paris
iy the wintes of 1881, and Later in 2 published analysiz
of the experiment by FLA. Lorentz.

With money from the Bache Fund of the Natianal
Academy of Scionces, an entirely new insirument was
constructed and put into operation in 1887, in the
hasement of the peain building of Western Reserve’s
Adelivert College in Clevetand. It consisted of a salid
block of sandslone 1.5 m square-and 30 cm thick, an
which was mounted the aptical apparatys, To reduce
yibrations, the sandstone hlock rested on a wooden
disk, which floated on mercury containgd in aciroular
cast jrm tank, the tank resting on a brick pier, This
made it pessible o roiate the sandstone Block holding
the optics throogh 360 degrees, with almest no vibr
tion [Figure 3),

The eptical appatatus, bullt by Juhn A, Brasheal of
[itkstiurgh; was In principle the same as that ssed in
sichelson's Berlin instramunt, Howeves, the effec-
tivie light path was Increased by reflecting the fight
back and forth with foor mirrers 2t gach cormer, so
that it traversed the dlapomal of the stane block eight
tirmes. This was sguivalent to using an interfarometer
arm 11 m leng, Cnthe theory of a statianary ether,
painting one arm of thi: apparatus in the direction of
a vislecity equal to that of the Earth inits orhit would pro-
duce a displacement in the interference pattern of 0.4 of a
frimge width.

Michelson and Morkey conducted obserations with the ap-
parats far ene hour at noon on Julw i, 4, amd 11, and ane
four in the evening of july & 9, and 12 .of 1887, the entieg se-
rigs of ohservations lasting six hours. In ¢ach obiservation] ses
sinn the apparatus was slowly turned theough 36 ratations, An
phuurvior watked around the instrument, keeping the lelescapic
imape of the imerference (inge in his field of view. Buery 16th
af i efreular “turr,” the obsoivar read off his estimate of the
fringe displacement along graduated markings that woere visi-
hle in the eyepiece; these were recorded by an issistant,

Mo Null Effect’
The abservations did not produce the ©.4 of a fringe width
digplacement thal the motion of the Earth in s orbit watlld
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praduce, given the theory of & stationary ether, To this day,
mast papular trealments, textbooks, and even advanced refer-
ence works report that the 1887 Michelson-Maorley experiment

viclded a nulf resull: Howsever, as Dayten C. Miller, who be--

gan experiments with Morley with an improved form of the
original apparatus in 1902, laer noted;

[Tl indicated effect was not zero; the sensitivity of the
apparalus was such that the conclusions, published in
1887, stated that the observed relative motion of the earth
arul cther did not exceed one-fourth of the canh's orbital
vedocily. This is quite different from a null effect now so
frequently imputed 1o this experiment By writers on
Relativity [Miller 1933, p. 206; emphasis in original .

We will return to Miller's wark and the implications for the
Spectal Theory of Relativity, shantly. Michelson’s own evalua-
tion of the experiment does not contradict the words of Miller,
although the flavor may be difierent. We: cite it for compari-
SO

Considering the motion of the earth in its orbit only,
this displacement [of the fringes] should be 20 wiir =
0= 10 The distance D was aboul eleven meters, or
2 w107 wave-longths of vellow light: ence the
displacement to be expected was 0.4 fringe. The actual
displacement was certainly less than the twentieth part of
this; and probabily fess than the fortieth part. But sincc the
displacement is proportional to the square of the velocity,
the relative velocily of the earth and the ether is probably
less than ane-sixth the earth’s orbital velocity, and
certalnly less than one-fourth [Michelson and Marley,
1857, p. 341].

The Michelson-Marlep expariment of 1887, sof v in the basement of Adelbert Hall, Western Reserve University, Results were

smaller than expectad, bul not null!
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Figure 3
MICHELSON-MORLEY INTERFEROMETER (1887)
Edhward W, Morley, chemistry professor at Westem Re-
serve Linfversity, congeived of this design for greatly re-
ducing the sensitivity of the interferometer to vibietion,
The optical apparalus is placed on a 30-cm-thick stone
slab, which floats an g dircular fank of mercury, allow-

ing thevoptics Io be rotated through 360 degrees.

Eoainca! HhirienSion from Amenican Jounal of Sxieoce, Vel 34, b, X0 (Nov.
1E27), pu 3T, ooudmey ol Merilz Likary, LS. Naval hoademy, Specil Colee-
sand ana Archieas

Michelson then adds the following imponant qualification:

In what precedes, enly the orbital motion of the earth is
considered. If this fs combined with the motion of the
solar system, canceming which but litle is known with
certainty, the result would have 1o be medified; and itis
just possible that the resultant velocity at the time of

Gouttsay of Mtz Ubraoy. U:S: v Asagory, Epocial Colloctions s Arctven
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_ MORLEY-MILLER INTERFEROMETER {1302)
Daytan C. Miller joined Morley in designing & new apparalus, mare stable, and, at the same time, more sensilive, than
that used by Michelson-Morley i 1887, Structural steel gieders forming the arms flaated on the arginal mercury tank,
New optics with four mirrors at the end of each am formed a 32-m effective light path. The instryrnent is shown almost
completed, but without the optics, in 1903, Inset shows the fringe pattern, as seen through the telescape of the Interfer.
ameter an marrow and broad magnification, The observer estimated the fringe position with respect fo the pointer at bat-
tom, in tenths of a fringe width,

Saroac .14, Matiy it D0 MiBlar, 1905, Foport ol nh Exparimant i Dulbct 1 FarGéesid-Lomnts Efeal,” Phiosophical
1933 “Tha Ethar-Cnifl and thi Determination of the Atsckns Magan ol e Enrth* Fine, Moddm Pies, Vol 6 g 211 (July)

Migasion, Sor. B, Vol 3 (Way), Flalo X; 0.C, Mier,

ahiservations was small though the chances are much
against 1, The experiment will therefors berepeated at’
intarvals of throe months, and this all oncertainty will be
avaided [Michelsen and Maordey, 1887, p. 3411

Unforunately, Michelson did not ave the opportunity (o
make such regeated observations, In 1889, helefi the Case
scheal for a brief position at Clak University, and then moved
an to the University of Chicago, where he taught for 38 years.
His wark in the next decade centered on using interferometry to
determine the standard of length, for which he became wiorld fa-
fioLis,

But the anamaly n the Fresnel theary of aberration, which
Michelson’s apparatus had detected, remained, and soon be-
eame a topic of worldwide discussion among physicists, In
1891, physicist G F. FitzGerald of Dublin proposed that the
semaller than expected results of the Michelson-Morley experi-
ment might be caused by a shartening of the stone base of the
interferometer in the direction of mation af the instroment
through the ethir, awing to a change in intermolecular forces
effected by relative mation through the ether. If the effective
ligght path became thorterin that direction, it eould reduce or
annul the sesults expected with the Fresnel hypaothesis, British
physicist Sir Oliver Lodie promated the FitzGerald contraction
hypothesis in an 1892 address to the British Royal Society,

In 1895, the Dutech physicist H.A: Lorentz, who was en-
gaged in an effort at modifying Wilhelm Weber's electrody-
pamics 1o address new experimental results; adopted and
elaborated on the FitzGerald hypothesis, He suggested, thal

the mation through the ether of the electrically charged parti-
cles constituting 2 body, would generate & magnelic effect
that would increase the interatomic attractive farces, result-
ing in-a contraction in the diredtion of motion, If Lorentz's
supposition were true; the amount.of the contraction would
depend on the physical properties of the solid; a change in
thie material separating the ends of the interferometer ought
1o proeluce a change in the amount of shifting of the interfer-
ence fringes.

Enter Dayton C. Miller

In 1890, the young American physicist Dayton C. Miller
joined the faculty at the Case School, which Michelson had re-
contly left; and soon became a close frignd of Prafessor Morley,
While the names of Michelson and Morley have become warld
fanois, thanke to the papularity of the Theary of Relativity, that
af Miller is less well known, This [s unfortunate, because
willler's investizations with the instrument invented by Michel-
e to detect the relative velocily of the Earth through thes ether,
were far more extensive than those of eltfher his predecessor,
Michelson, of their joim collaborator, Morley.

Dayton Clarence Miller (1866-1941) was bomn in
strongsville, Ohio. He graduated from Baldwin-Wallace Col-
lége, and eamed a doctorate in science from Princeton Univer-
sity in 1890, working under astrophysicist Charles A Young,
He was president of the American Physical Society during
1925-1926,; chairnan of the Natiopal Research Council®s Divi-
sion of Physical Sciences from 1927 to 1930, and president of
the Acaustical Society of Amésica from 1913 1o 1933, Apart
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from his extended work an the ether-drift experiment, Miller
had a lifelong interest in mushe and acoustics. His'mother a
chureh organist, his father a choir member, Miller became an
accomplished flutist. In 1908, he invented an instrument he
called the phonodeik, to photographically record sound pat-
terns, and with which he established the physical characteris-
tics of the vowels in speech and music. As an expert on archi-
tectural acoudtics, ke was consulted on the dasign of a number
of collepe chapels, and of Severance Hall in Cleveland.

The Michelson-Morley experiment and the Lorentz contre-
tion hypothesis were a subject of much discussion at the Inter-
national Congress of Physics in Paris in 1900, at which Profes-
sors Miller and Morley were both present, At the urging of
wWilliam Thomson (Lord Eelvin, the twe undertook the con-
struction of a more powerful apparatus o repeat the ethae-drift
experiment of 1887, By 1902, they had completed an Inteefer-
ometer desipned 1o test the Lorenlz-FitzGerald contraction,
The base was constructed of planks of white pine 4.3 m long,
arranged in a cross, The oplical apparatus was the same as
the 1887 experiment, but the effective light path was more
than three times longer. In observations made in 1902 and
1803, a small positive effect was observed, but the wooden
suppor was 50 sensitive to changes in temperature and hy-
midity that the apparatus was abandoned,

With an appropriation from the Ameritan Academy of Ans
and Sciences, 3 new interferometer was completed by 1904
{Figure 4), s arms, about 4.3 m long, were made of structural
stee| girders. |t was floated on mercury in the same cast fron
trough uged in the 1887 experiment. Mew optical parts made by
O, Patitdidier of Chicago were used. Four mirrors af the énds
af each am produced an effective light path equivalent to an in-
terferarneter arme 32 m long, almost three times that of the 1887
apparatus, This same apparaius was used by Miller in numerous
ohsanvational sesclans aver the eourse of more than 25 years,
and in several locations; including atop Mount Wilson in Cali-
fornia.

in the first test of the new Morley-Miller apparatus, the dis-
tance between mirrors af the ends of the [ntarferometer arms
was made to depend on pine wood rods, in hopes of testing
the Larentz caontraction. Results of the observations were in-
conclssive:

If pine is affected atall as has been suggested, it i3
affected to the same amount as is-sandstone. Some have
thought that this experiment only proves that the ether in
a canain batement soom is carred along with it We
desire, therefore, to place the apparatus on a hill to see if
an effect can be there detected.

So reads the conclusion of Morley and Millers 1905 repord
an the experiment (cited in Miller 1933, p. 2161

In 1905, the interferometer was moved to.a hut, on an unob-
structed site on a hill in Cleveland Heights, at an altilude of
about 785 m. The pine fods were removed, and the mirroes
fastensd directly to the steel base of the instrument. The hut
and woaden covering of the instrument were provided with
glass windows; to prevent possible obstruction of the ether
flow. Observations were made in July, October, and Novem-
bet, consisting of 230 turns (rotations) of the apparatus in three
sets, These chowed a very definite positive sffect (displacement
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of the fringes in eertain directions), buttao small to b recon-
ciled with the Fresnel theory,

When Miller returned fram summer vacation the next year,
the property where the interfercmetar was housed had been
cold, and the new owner demanded its immediate removal,
The retirernent of Professor Morfey, and other cireamstances,
conlributed to a long defay in Miller's interferometry work.

The Theory of Relativily

It was not until 1921 that Miller resumed experimentation
with the interferometer. By that time, Einstein's Theory of Rela-
tivity had gained support among some scientists, and @ great
deal of publicity. Neither Michelson nor Miller could be
counted ameng its adherents.

When Einstein developed the Special Theory of Relativity,
i 1905, the interferomelry experiments of Michelson, Mar-
ey, and Miller were not much in his thoughts. The title of his
first paper on the subject, Zur Elekirodynamik bewegler Ker-
per (*Toward the Elecirodynamics of Moving Bodies”), indl-
rates the direction of his thoughts. The problem he addressed
in pliysics had its roots in Wilhelr Weber's formulation of the
fundamental law of electrodynamics, which he had dewvel-
oped in conjunction with Carl Friedrich Gauss in 1845, We-
ber had determined, by an experimental proof of the validity
af the Ampbee angular force, that the force between two mov-
ing electrical particles would be dependent an the relative ve-
locities i accelerations of the padicles, and on a canstant;
which was determined in 1854 10 be equal to the square 1l
of 2 times the speed of light. Some Important derivatives of
Weber's work incloded an electradyhamic determination of
the cause of the advance of the perihelion of Mercury,® the
determination of a limit on relative velocities; and a theoreti-
cal determination of the tlassical electron radius, several
decades before its experimental validation.?

What remained o be done after Weber's work, was to con-
aptuct an intaliigible representation of the deeper relationship
among the phenomena of gravity, electrodynamics, and op-
tics. This was the sumbling block already addressad by Gause
in his cormespandence with Weber in 154510

Einstein’s imaginative atermpd at a solution centered an his
recognition of the physical significance of a philosophical
prablemy which he called the paradox of simultanesty. The de-
termination of the simuitangity of two events depends on the
pasition and relative velocity of the observer. Depending on
the arrangement of these two variables, the same bad events
can accur before, after, or simultansous with anather. The im-
plication for physics is an interdependency betwesn the mei-
sures of length and time {and therefore; by the system of units
which Gauss had ectablished in 1832, of mass, as well '") an
interdependency whose implications were most tharoughly
explored by Gauss's prized student, Bemhard Riemann., in his
1854 Habilitation disseration,

However, Einstein introduced into his system some addi-
tional assumplions, principal amang which were (1) the re-
guirernent that the velecity of light be invariant, regardless of
the velacity of the emitting source, and {2} the non-existence of
an ether at absolute rest, Thus, for the theary of relativity to be
valid, it was necessary that the resulls of measurements with
thi Michelson interferometer be absolutely zero, or aufl, Un-
fartunately, the experimental evidence did not satisfy this re-




Cowmmay of Saeo Weatem Aeseia Urivoiany Aachhes
Friant rew, fram feft: Gavian Miller, Albert Michelson, and HA. Lorenle,

quiirernent. A small, but persistent positive fesult kept cropping
up in the mast carefully conducted experimental trials with the
mast powerul intererometry apparatus aviilable.

In 14919, the General Theary of Relativity gained notodety
after an astronomical expedition o equatorial Africa, bed by
Sir Arthur Eelelington, photopraphed the light from a star oc-
cilted by the Sun during a total selar eclipse. Examination of
the photographs seemed to suggest a slight bending of the
path of the starlight around the Sun, consisient with Einstein’s
theory. The scant physical evidence was somewhat oul of pro-
portion ta the worldwide publicity blitz that followed its an-
nowhcement,

First Mt Wilson Experiment
This was the romtext for Davion C Miller's seturm to his ear-
lier experiments in interdferometry, as he describresing 1933
resiew 0f Fis efforis:

Since the Theory of Relalivity postulates an exact null
effect from the ether-drift experiment which had never
been clilained niact, the writer felt impelled 1o repeal
that experiment in osder 1o secure-a definitive result. An
elaborate program was prepased and ample funds to
cover the very considerable expense involved were very
penerasly provided By Mr, Eckstein Case of Cleveland
[Miller 1933, p. 217

Allvart Einstein visited Miller at Case on May 25, 1921, and
urped furlhoer experimentation,

The Marley-Miler steal interier-
ometer wilh its large cast irontank
for mercury was transported across
the contineni to the grounds of the
Maount Wilson Observatory In Cali-
fornia, and set up in March 1921,
with the intention of measuring the
other-drift at the higher altitude
there {1,750 m). Sixby-seven sets of
ohservations produced a positive ef-
fect, corresponding loa relative mo-
tion of Earth and ether of 10 kilome-
ters per second. Tests were made an
the Instrument 1o isolate the effects
of radiant heat, A concrete base was
tried in place of the steel girders,
still producing positive resulls,

The apparatus was returned 1o
Cleveland and experiments were
miade under various controlied con-
ditions, betwean 1922 and 1924,
Artificial liaht sources were tried,
and the results found not to differ
with those chtained with sunlight,
{Fram then on, the acetylene head-
[amp, wied at that time on aulemo-
hiles, became the standard light
source.) Extended loste wore niade
of the eifect of heal variations on
different parts of the instrument,

Miller's New Hypothesis

The interfergmeter was moved again to Mount Wilson in
1924, and set up In Augustat & new site, less exposed to the
wird. A series of ohservations was made in September 1924,
and in March-April 1923, While pasitive results were again
ohtained, a new pacados in their interpretation arose, the solu-
tian of which led Miller to his final theory of the ethee-drit ex.
periment. Calcularions based on the effests of the orbital mo-
tian and apparent motion oward Hereules, predicted maximal
variatinos in magnitode and azimuth tooccur between Sep-
tember and April. These were not detected,

MilTer realized that an assumplion uaderlying all previcus
experiments with the interferometer maght be invalid, It had
previousty been assumed that the Earih's velocity theough the
other wis known: namely, thal itwas the resultant of the or-
hital meotion, combined with the motion of the solar system to-
ward Hercules, What if, instead, the assumption were made
that we do not know all of the motions which combing o pro.
duce the Farth's absalute motion through the ether! As we do
kncww the resulls observesd by the Interferometer, howewver, we
may take these as the primary data for the purpose of adducing
the magnitucde and direction of the Earth’s absolute motion
through the ether,

Why haed no one thought of this approach before, Miller
wondered? Hie wrofe:

Thie answer 15, 1n part, the fact slready stated that the
purpse [of previous experiments) had been the
verification of cerain predictions of the so-called elassical
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MILLER'S CHART OF THE APEX DFS‘:-QHTH’S COSMICAL MOTION (1933)
Miller's analysis of the 1925-1926 observalions af Mount Wilsan, showed the Earth was moving In 3pace at 208 km per
second, toward a poiat in the southern celestial hemisphene in the consteffation Daraden. The calculated apex of motion (3
at the center of the dotted circle, Starred poinls indicate the calcudated apex of motien at each of the four epachs when
ohservations were made. The accompanying stelfar map shows the position of Derad,

Souron: 000, Miler, 1835, “Thi Eifaw-Drifl and this Datarmination of e Abscitn fotion of the Earth ™ e, Medear P, Wol, 5. p 232 fduby).

thearies: and, in par, that it is not easy to develop a new
hypothesis, however simple, in the absence of direct
indication. Prebably a considerable reason for the: failure
is the great difficully involved in making the obsenvations
at all times of day at any one epoch. Very few, if any,
scientific experiments require the taking of so many and
continuous observations of such exireme difficulty; it
réduires greater concentration than any other known
experiment, . . [Miller 1933, p 222

Results from Mount Wilson 1925-T1926
The observations at dount Wilson of Apsil, August, and Sep-
tember 1925, and of Febrrary 1926 were conducted under the
mew hypothesis,
46
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The reduction of the data from this cycle of observations
was an enormons effort. The records consisted of 316 pages
of readings, showing the fringe displacenent at each of the
16 eircular positions (azimuths) of the interferometer or
each turn. A number of ingenious geometric models were
constructed o aid inthe visualization and computation o
the effect, Allogether, 250,000 distinct observations were in-
vorlved.

Miller presented a preliminary solution on Deg. 29, 1923
in his address as president of the American Physical Sociaty to
its Kansas City convention. The point on the celestial sphere
toward which the Earth moves because of (ts absolute motion
is defined as its apex of motion, Based on observations
through Sept. 15, 1925, Miller and assistants calculated an




apex of molon in ke ponbern celestial
hemispheresof right ascension 17 hours
and declingtion +6H5%

Fallowing a fourth ohservational series,
made om Fels 8, 1926, all of the data were
subjected to an claborate reexamination,
The results, presented to the Pasadena
Ether-Dvilt Conference; Fely -5 1937,
shovwet] an apex of motion of right ascen-
seon 17 howrs and declination +68°—close
by the 1925 results,

Miller's Final Results

Miller undertook & mew study of the
Mt Wilsan series of ohservations in
1932 The possibifity that the apex of mo-
tion was un the same line, but in the opgo-
site direction, was examined, and found to
bt the moe probabile; The apex fimally de-
termined was in the southern celestial
hemisphere at right ascension 4 hours 54
mineetes and declination =70°33% 1t lies in
the ¢onstellation Dorada (Sword Fishi in
the great Magellame Clouwd,

The caloulations connected with the
1932 re-analvsis also permitted, for the first
Liree, an estimate of the Earth’s cosmic
speed, For each of the four eparhs (Fel, 8,
Aprb 1, Aug. 1, and Sept 15), an apex of
miction was calculated, once from the data
for the magnitude of fringe displacement
(el ardl orce fom the record of ae-
imuiy of (e interferometer. Feom the two
apices, which lay close to each other in each case, 2 mean
apex wis derived for each of the four cpochs, These were
fowne to lie on a small circleon the celestial spheee (Figune 59,
whose center was taken o be the already reported apecol cos-
s e,

The madel in Figure & indicates bow the estimation of speed
was made, Depicted are the arbital position of the Earth, at
each of the {our epachs when interferometer abservations
wesre mrade. The diagonal of each parallelogran points o the
mean apes for that epach; the long side points 1o the calou-
lated agex of motion (lhe conter af the circle). The short side of
the paralleleeram repreents the known orbital velocity of the
Earth, af about 30 kilemeters per secand. Knowing the direc-
tion of three sides of a triangle, and the magmituce of one side;
altows o simple determination of the magnitude of 1he gther
sicdes, By such means, an estimated velocity of 208 Kilometers
per second toward the southern constellation Dorado was ol
tainedl. That is Miller's estimate of the absolute motion of the
Earth thrensph the clher.

Fhe direction of motion is within & degrees of heing perpen-
eliculzr to the plane of the ecliptic (he plane inwhich the el-
liptical motion of the planets occdsh from which Miller con-
jectures:

This suggests that the salarsyslen might be thaught of as
i dynamic disk which s being pulled through a ecsisting,
inccliu, and which therefone sets itself perpendicular to

Conniteay of Casa Woslom Hasare Wivvurilly Adchees
Uiaytan Milfer ab the Case Schoal, with the Heaeiel harmunic analvaer, which he
wsed earlier for sound and fater for interpretation of interferometer diti.

the line of motion,

Thefact that the sun is maving towards the southem
apex with @ velocity of 208 Kilometers per second aned al
the same time is apparently moving, with respect to the
mear-by stars, inthe epposite direction toweeds the
constellation Hercules with a velodity of 19 kilomoters
pereecond, indicates that the group of stars a5 a whale is
moving towards the souther apes with a velocity o1 227
kilometers per second (diller 1933, p 2340,

A new paraces now arises. By the methods just described,
Miller found a velocity of approximately 200 kilometers per
second for each of the four epochs, Howeser, the velocities
adduced from direct observation of the fringe displacements
are smaller by about a factor of 20; Some additional physical
assurmpition is necessary, as biller notes, 1o account fer the re-
duction In observed velocity. Porhaps 1his s to be oxplained by
an additional “drag” on the ether at the Earth's surface. or, per-
haps, by an entirely different hypothesis, The question is left
ape,

An exiracrdinary coincidence of phase, in both the velociny
tringe displacement) and azimuth corees for all four epochs,
when they are plotted againgt siderceal time, was noted by
Biller. The minima.of the velocity curves aceural about 17
hisurs for all four epochs, These can be seen in Miller's graphs,
repraduced as Figures 1 and 2 in the accompanying article by
Maurice Allais fp. 261, The same coincidenee of phase amang
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Figure &

MODEL USED TO CALCULATE THE
EARTH'S AESOLUTE VELOCITY
Miller's model shows the Earth's orbital po-
sition at each of the four epochs in 1925-
1926, when inferferometer observalions
were made at Mount Wilson, The parallelo-
grams indicate the Earth's odbital velocity
thovizontal legl, and velocity of cosmical
maticn, The direction of motion is south, or

downward.

Souteo! 0.C, Milled, 1533, The EthieDr# s ey Diotonmina-
ey od T Abmciute Moten of the Enrth” Fire. Madarm Phy.,
el 8 p, 254 [Jubyl; phole counosy of Cate Wisaten Rk
Unisarsity Archives.

all four epochs was not preseat whon the data were plotted
against civil time, Miller took this as strong evidence for his
conclusion thiat the arbital velocity is only a smail fraction of
the Earth's cosmical velocity through the abselute ether, (Civil
time |5 based on the apparent position of the Sun in the sky,
anel thus reflects the Earth’s orbital motion. Sidereal time is a
muasure of the Earth's rotation agabnst the background of rela-
tively fixed, distant stars; the Earth's orbit of the Sun is not in-
walved ) '

The phase correlation is also strong, almost Frefutable, evi-
dence of the exisience of a real effect, as opposed 1o a spuricus
or accidental cause, Miller also showed how the orbital com.
panent was responsible for the Matening of the curves in Feb:
ruary and April, and the accentuated minimunm six months
later—apain a coincidence of theary and obsenvation which is
difficult 1o ascribe to accident,

The Debunkers
In 1955, k.S, Shankland of the Case. Institute of Technalogy
in Cleveland. whe had been a research associate of Miller in
the 1932-1933 reanalysis, reported on a new study of Millers
wark by a four-man team which he led, His conclusion was
that

the small periedic fringe displacements found by Miller
are due in part to statistical fuctuations in the readings of
the iringe positions in awery difficull experiment; The
remaining systermatic effects ane ascribed to local
temperature conditions [Shankland et al., 1955, p. 1671,

Shankland re-examined Miller's 1923 laboratory tests on
the effect of temperature variations on the instrument, in
wehich Miller intentionally exposed different pants of the ap-
paratus to the output of electric heaters, Shankland believed
that the |abaratory records showed “small but cerain lemper-
Mure effects,” in contrast 1o Miller's conclusion. By a sophis-
ticated analysis, he atternpls o prove that it is possible for
temperature variations to produce regolar periodic effects.
Examining the careful temperature records from Maunt Wil
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son, Shankland then concludes that temperature varlations in
the exposed shed on Mount Wilsen were the cause of the pe-
riodic fringe displacements, which Miller and his assistants
abserved,

By itzelf, the Shankland study might not be too significant,
but it is supported by two other important elements. One is the
great credibility afforded the Theory of Relativity, which re-
qulres a5 a premise the non-existence of the effects detected by
Miller. The secand, stranger supparting element is the fact that
the results of a number of ather intederomelry experments,
carried out by careful and competent invesligalors contemps.
rary with Miller, produced almost null resulis. These were, in
SUMMany:s

o An experiment by R, Kennedy, using a very sensitlve in-
terferometer sealed In helium, an Mount Wilson in 1926,

« An interdferometer enclosed in a vacuum casing, sent up
by balloon to-an altitude of 2,500 meters, and later taken to
the summit of Mount Righ, by A, Piccard and E, Stahel of Brus-
sols in 1927,

» An interferometer having an effective light path of 23.9 m,
mounted in the constant temperature vault of the Mount Wil-
son Observatory, by Michelson himsell, with assistance of F.G.
Pease and F. Pearson in 19249,

= An interferometer of 21m light path mounted on a quartz
Base (lo aveid effects of magnotostriction), in a vicuum houss
ing with photogeaphic registration, by Georg |oos at |ena in
1930,

{The light path of sMiller’s apparatus was 22m.)

To account for the almost zem displacements found in these
varied attempts, Miller neted that in all these experiments, the
intederometer was enclosed cither in metal casings, or base-
ment rooms of laboratories, or bath, “If the guestion of an en-
trained ether is involved in the investigation, it would seem
that such massive and opague shielding is not justifiable”
(Miller 1933, p. 2400, He alzo noted that none of the othir ex-
perimenters conducted observations aver a sufficiently ex-
tended time period to be able (o dotect epochal variations,

In 1959, Maurice Allals commented on the Shankland pa-

per:




Hewever, this eriticism does not account for the
extracrdinary consistency of Miller's results with the
motion of the esrh about the sun (see Figs. 23 and 28 of
his paper, pp. 232, 237). Sirmilasdy, it does not account far
the remarkable adjustments with phases which agree with
sidereal time, as shown on p. 235 of his work, 1§ also
leaves out the agreement between Miller's and
Esclangon's results. - . [Allais 19591,

Soience and Uncertainty

As difficult as it is to prove wilth absolute certainty (without
more experi mentation) that Miller's results are real, and not
spurlais, 1t is worth considering thal the opposite case, an ab-
salutedy null result, as required by Einstein’s theory, is far more
difficult 1o establish with cerainty, [t s, first of all, in the nature
of things that pothing is wery difficult to prove, and for such
reasans, we do not require a criminal defendat to prove his
inngcence, but rather pul the burden on the other side 1o es-
tablish guilt,'*

The uncertainty in connection with Miller's observations
daes not at all dimminish their imporance; quite the opposite,
The experimental detection of very small deviations fram an
expected result is the very heant of science, and the foundation
of its progress. It is abways attended by uncertainty.

Kepler's determination of the very slight deviation of the
Earth's orbil from a perfect circle is 2 case in point."™ A statisti-
cal amalysis of Tycho Brahe's data, combined with considera-
tion of the effects an his metallic instruments of the horritily
coldwinter nights on the island of Hven, in Denmark, can pro-
vide plausible grounds for ignoring the tiny angular deviations
o which the whale of Keples's astronomy rest, The difference
between the major and minor axis of the ellipse, which, as
every school child is taught, constitutes the Earth's orbit around
the Sun, is about one part in gine thousand: It s not visible to
the naked eve in a scale drawing, nor would it bein a time-
lapse photograph taken from a spacecrafl hovering above the
disk of the solar system. A lest by reproducibility was not a
possibility: I shorl, the expedmental grounds for Kepler's as-
troncmy were not valid at the time he developed it, by the
standards many scientific avthorities would wish to apply 1o-
day! The same applies 1o many of the most important discover-
ies in the history af chemistry, the proof of which rested on ex-
tremely fine measurements, at the edge of uncertainty, with a
precision balance. One coukd start with Antoine Lavoisier's
early work in determining the minute impurities presend inwa-
ter, for a case study.

Seientific discovery has never been the surefire cerainty that
texthicaks and popular commentaries so often portray, Like all
creative exercise of the mind, it is filled with uncertainty, am-
higuity, subjectivity, It is always an uphill battle, too often
amidst great adversity. Matters here are not decided by major-
ity vote, popular opinion, or conseénsus. The timid, the faint-
hearted, the seeker of praise, of public 2ppreval, or recognition
within his lifetime had best stay away, If this disqualifies the
vasl majority of our current crap of, even highly decorated
academic specialists, 5o be il

The Contribution of Maurice Allais
The beauty and genius of M. Allais’s work in physics is that
he recognizes the necessary existence of an anomaly in our

understanding of the propagation of light, and at the same ime
speks to discover its meaning by extending the Investigation
into the necessarily retated realm of gravitation. In this issue,
we are, regretfully, limited to a presentation of his unigque
analysis of the Dayton Miller experiments. [n future, we hope
ta be able lo present the rest,

A brief overview of Allais's scientific work is found in the
hox aceompanying his article, p, 26. To put it in a nutshefl:
Allais found that anomalics in the motion of the Foucault pen-
dulum, and in a pendulum of an additional degree of rota-
tional freedom (paracanicall, eshibited a periodic character in-
axplicable by accepted gravitational theory. He digcovered an
identical periodicity in the anomalies found in reciprocal opli-
cal sighrings made by two theodolites, aligned on north-south
axis, and thus he established a lawful eonnection between the
separate domains of mechanics and oplics. This led to the pro-
posal for experimental verification of the hypothesis that simul-
tanecls observations of the paraconical pepdulurm, the recip-
rocal theadolite sightings, and the Michelson interferometer
would lead to a coincidence of effects. M. Allais, age 86, has
not et enjoyed the opporunity to see his prediction tested.

Related Investigations

Dayton Miller provides a summary, in his 1933 repor, of
scmee of thie related investigations, which he regarded as show-
ing evidence of a cosmical motion similar to that he detected,
Thiey might, alternatively, be interpreted from Allais’s stand-
paint as evidence of an eptical anitotrapy of space.

Al the same time that Miller was conducting his experi-
ments, the director of the Paris Observatory, E. Esclangon,
made extensive studies of pericdic deformations in the Earth's
crust (Earth tides), These suggest a motion of the selar system
in the plane cutting through the sidereal time meridian of 4
and 16 hours. Esclangon also studied anomalies in the reflec-
tion of light which, he concluded, was evidence of an "optical
dissymmetry of space™ around an axis lylng in the plane of the
meridian of 8 hours and 20 hours. Allais sl references Es.
clangon's work.

Ohbservation of the intensity of cosmic rays al the timeof
siller's work shawed a definite maximum.in the sidereal
meridian of 5 hours and 17 hours. Studies of galactic motions,
and aromalies in astronomical observations are also cited, Fi-
nally, the vieork of Karl Jansky at Bell Telephane Labioratories in
1433 showed a hissing sound in shoiwave radio reception,
coming from a cosmic direction in the sidereal meridian of 18
hours. '

A sysiematic review of more modern wark 35 not available to
us. The recent ohservations of astronomers Nadland and Ral-
stom are worlh noting,™ By studying the rotation of plane of
polarization of radiowaves from distant cosmic sources, an
anisotiopy is adduced, The axis of anisotapy lies in the diree-
tion between constellation Aquila and Sextans at right ascen-
sion 21 and 7 hours 2 and declination 9 £20°. This might be
considered as perpendicular to the apex of cosmic motion de-
termined by Miller.

Lairrence Hecht, an assporate editor of 21st Century, s in
the fifth year of a 33-vear prison sentence imposed by the
Cenmmonwealth of Virginia, He was sentenced by jury trial in
fanvary 1997 in ihe aptly named venue of Salem, Virginia, as
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part of a nationwide witch-hunt against leading political asso-
clates of Lyndon H. LaRouche, Jr. All appaads have been da-
nied, A worldwide campalgn is under way for the exoneration
of LaRouche and the release af Hechr and four ather
LaRouehe prisnonees, all serving fong sanlences arising from a
politicatly motivaled frame-up, For mere information and to
find out what you can do to help, comtact the Schiller Insti-
tute: PO, Box 20244, Wafhingl‘ﬂn, OLC 20041, Tel. {7013)
FF1-8390
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o o ) =
TheaT = TR T= W'Thﬂ whale timae of going and comang is

¥ % W
T+T'=20 ' and the distunce baveledin this Bme i 20 s
3
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ot
othar path i evidenty 20 'ﬁ1+'$17urhﬂ'|amdegme of acoursy,
2 (e
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