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In 2013, we commemorate the centenary of séwearked events in physics among which one isquéatly dear to the
NPA family: The publication ofSagnas famous rotating interferometer experiment in #oeentific French journal
Comptes Rendugpart from that widely known experiment conspiasly little is officially communicated abo®agnacs
life. Is it because he was a decided opponembpposant ardejto special relativity? Here we have a chanceaddty to
bring back the memory @@eorges Marc Marie Sagng&869 - 1926) who is also credited for pioneervagk with X-rays
and the discovery of X-ray fluorescence. Begnac Awardombines the merits of our fellow scientists vilibse of the
still deplorably neglected namesake of the Awardt dhly hasSagnacs research brought forth a wealth of technical ap-
plications - important lessons due to his work awabe learned. One of them is so elementaryeaisly overlooked: We
have to say farewell to the dogmatism which ardtm®m the overestimation of the observers' rdleiquenesss the solid
ground on which we may cautiously proceed. Thertieeth and theoretical background of tBagnac effedbave been dis-
cussed extensively in original publications andeevarticles. Here we focus on aspectSafinats work that provoke fur-
ther thought, including the importance of psychglognatural sciences, physics in particular.

1. The Year That Was 1913
Some Centenaries in Physics
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Centenaries are a welcome opportunity to eete memory of some
events whose fame (more or less) outlasted their ag

One of them, although it became obsolete br leesearch, idliels
Bohr's celebrated planet model of the atom introdueady elements of
guantum mechanics with its orbits and all thatvBmi to solve the puzzle
of the spectral lineBohr stayed still deeply rooted in classical mechanics
and submitted his paper dated April 5 to PhiloscghMagazine where it
was published in the July issuBohrs model has become the everyday
symbol of atoms.

The 1913 Nobel Prize is awarded to the Duteysirist Heike Kam-
merlingh Onnesone of the pioneers of cryophysics, for his workthe
properties of solids at very low temperatures. iBxresearchOnnessuc-
ceeded to liquefy Helium, the "last of the permangases”, and he
happened to discover superconductivity, a suddemnskig of the res-
istivity of Hg below some critical temperature. opnductivity has
opened great technological opportunities ever since

. Fig. 1: This distinguished and definitely F m i i
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and Arnold Sommerfeld1] publish an unusual view of the photo effect Photo taken fronM. Quintin's article [3].

based on the quantum of action which (in my opihieaches beyond  sagnaavas born Oct. 14, 1869 in a small village nametigBéux in the
Einsteins world famous 1905 papddebyeand Sommerfeldnake an in-  SW of France (if you wish to look it up - you'lnfi it halfway between Bor-
teresting approach that considers an accumuldtivn Sommerfeld con-  deaux and Limoges - they don't have a Ragnadhere...). He passed away
tributions to 20th century physics should have edrnim a Nobel Prize. Feb. 26, 1926 in Meudon-Bellevue.

And - we have 1913 research that was repantéaance by a gentle- 2. History
man namedseorges Sagnacdhe “French Connection” of NPA (note the

Erench title of this e_ssay!). He _stiII does n_olnqrijhe world-wide recogni- Speaking oBagnacspontaneously provokes the idea of a rotat-

tion of the above scientists. It is hard to find picture. The photo below ing interferometer. Two kinds of rotation are ahéianatural (or ter-

shows him at the age of 21. Recen8ggnacreceives more attention in regyrial, with Earth as “turntable”) and artificiédr technical, with

the discussion of high-precision devices derivexnftis rotating interfer- rotating device in laboratory).

ometer, namely the ring laser. There's materiabrgabn Sagnats right- The earliest idea of using technical rotatibis (whirling ma-

fully famous because far-reaching experiment ierimet which saves us a chine”) may be traced back to Stiver Joseph Lodgél893) [4].

lot of repetitive work here. Up to you to hunt for The Sagnaceffect has e pioneer of natural rotation seems to have Bdieert Abraham

been thoroughly discusse(_j by our NRA fellBwert _Jan quthimself one  Michelson(1904) [5], the one who never believed in speativ-

of the 2010Sagnac Awardvinners, in his 1967 review article [2]. ity theory (SRT) and who yet had to see his expeninf'l created a
monster") being used as propaganda for SRT adaisisbnviction.



»Je faigourner uniformément, & un ou deux tours par secondepauto 3, Sagnac's Pioneering Works

d'un axe vertical, un plateau horizontal (50 cm diemetre) portant,
solidement vissées, les diverses piéces d'un émterietre analogue a ce-
lui que j'ai employé dans mes recherches antéseetrelécrit en 1910«.
This is the opening of the original publication tine Comptes Rendus
(C.R.; Compte rendus French for report; the full title of the joutna
»Comptes Rendus des Séances de I'Académie dex&gipri6]. Self-
confident words (I make a horizontal plateau rotate uniformly...”) aof
scientist referring to his theoretical analysisgeding his experiment who
knows what he is doing and who clearly expressessélf and who
strongly advocates a unique reference for the uglaé light. The Sag-
nac effect and its setup are fairly well known. ForNBA members, its
welcome significance is its being not exactly aparpof SRT - in spite of
arguments issued by relativists to propagate thgrpretation. We find a
reference tdagnadn just a few books on relativity. One of the gaal-
thors who mentiorBagnacis Einsteiris close friendMax von Laug7].
He presentSagnats original sketch (Fig. 2). For historical reasows
may understand why: In 1911ow Laue[8] presented a relativistic theory
of the experiment proposed Ibjichelson[5] (see below). This definitely
contrasts Sagnac [9] who was very strict and @dbaut an absolute refer-
ence for the velocity of light.

Fig. 2. Zum Versach von Sagnae

Fig. 2 Sagnats now famous original sketch [10] of his rotatimgerferometer as

represented iMax von Lauis book [7]. The bidgs symbolizes the the shaded area

enclosed by the out and back light beams. Othar th&larrel3 experiment (see
below), Sagnats light source and the detector (photographic)fitmrotate.

Sagnaavas not the first to perform an experiment wittotting inter-
ferometer, but he is reported to have been critigiasping its essentials
and its consequences.

FromMax von Laud7] we learn that the German physidisanz Har-
rel? (who died young as victim of WWI) has performed experiment
with the light path totally in glass and source atadector co-rotating -
three years befor8agnacs experimentHarref3 was assistant to the astro-
nomer Otto Knopffrom whom [11] we learn thatarrel¥ post doc re-
search was to explore the drag coefficient of ligha moving medium for
a distinction between the models iesneland Lorentz In this experi-
ment, rotation was just considered a means to kasample device to
make a medium (glass in that case because wateot@low the distinc-
tion) move.Harrel3 expected the fringe shift he observed to vaniskrwh
the experiment were carried out in air becausetthibuted it to the drag-
ging of light by the rotating ring of glass prisnihis was definitely dis-
proved bySagnac

The importance oBagnats 1913 experiment has been realized quite

early and it has initiated a wealth of subsequepeemental and tech-
nical activities. Se@osts review [2] for details.

Whenwe speak oBagnats pioneering works, we have to take
into consideration at least one more. He is repoa® one of the
first scientists to work with Xrays (this was thanme given to them
by Wilhelm Conrad Réntgem 1895) in combination with the dis-
covery of Xray fluorescence [3].

Each of the above works, Xray fluorescence thedrotating in-
terferometer effect named after himeffet tourbillonnaire optique«
in his own words, freely translated optical effeots a merry-go-
round) suffices to buy him a reputation as a pidngescientist who
has greatly contributed to modern technology: Xflaprescence
analysis (a powerful tool for the identification of chemicele-
ments) and théaser gyroscopéthe latter serving as standard guid-
ance system in spacecraft, planes, and satellites).

The "laser on a merry-go-round” has become a sei@ndits own
right (see below).

4. »Effet Tourbillionnaire Optique«
Light Propagation on a Merry-Go-Round
Sagnac's Experiment in a Nutshell

The family of interferometer experiments, atlating with light
propagation, is a large one. Well-known historicnmbers of this
large family are the experiments by Michelson-Mpr(gl2] MM;
static setup in different orientations) and MiclelsSale ([13]
MG;.using Earth as turntable — natural rotatiormkgl ). More
recently, Hector Manera et al [14] reported bealtiesults ob-
tained on an interferometer fixed on the terrelstiantable. The
practically static MM and the slow dynamics of M@daMUnera
must be seen in a context wiBagnacwho, on his local turntable
(technical rotation, symbab), provided the fastest dynamics in the
above family.

For each sense of rotation (»rotation dextrorstiginistrorsumc),
Sagnad6, 9, 10] arrives at the dimensionless fringdtshi

A= 4A® (1)

Ac

with angular frequency vectan, wavelengthk, and areaA en-
closed by the light beame& and A arevectors because their mu-
tual orientation influences the resutagnats geometry is particu-
larly simple andA® = An. A. Michelson5] had the same formula
in 1904 for natural rotatio®. Here, the position oA on Earth's
surface comes into play and orf3sin® is effective with®d the
geographical latitude; the expected effect is maximat the poles (
@ = 90°) and zero at the equatdr € 0°). (In 1904, Michelson [5]
even considered applying the principle of the psmgbexperiment
to the revolution of Earth about the Sun, but fountless prom-
ising”.) AsQ is much smaller tham, the area must be correspond-
ingly larger thanSagnats (0.0866 m?2). In their famous 1925 ex-
perimentA. Michelsonand Henry Gale[13] used A= 2:10° m2
[2010 feet by 1113 feet] and a parallel loop (sreatbugh to ignore
its area) for comparing of the influence of A.

The authors were polite (or cautious?) endiagboncede that
the “calculated value of the displacement on theuamption of a
stationary aether as well as in accordance wittivéty is”

_4AQsin®
Ac

A @
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5. Sagnac and Relativity

Relativists claim that SRT can produce the-pero result ofSagnac
experiment like they claim to produce the zero ltesUMM. Of course
they can because mathematics allows them to ddlagbe this is the
reason why even the grddichelsonwas polite or cautious regarding re-
lativity? Von Lauearrives at the result dflichelsor's 1904 proposition to
probe Earth's rotation by interferometry comparuifferent theories,
among them what he calls “Absoluttheorie” allarentzand, of course,
relativity [8] Von Laueis not bothered applying relativity and claimsttha
Michelsons proposition does not allow a distinction betweelativity
and Lorentz theory. Relativists should be careful. One musarty be
aware that a "correct" result @ly necessaryput by farnot sufficientto
prove a theory right. Usually, it doest suffice. SRT may reproduce the
experimental results of both experiments, MM and MiBat is not hard
to do if one leaves physics to mathematics, changgsumptions accord-
ingly if needed Evert Post als@onsiders the treatment of tBagnacef-
fect under the viewpoint of transformations [2]ftLalone without phys-
ical analysis, math is blind in physics and forgifalse assumptions all
too easily.

The main problem with relativity boils down ttee question of refer-
ence for the velocity of light.

Lacking precision, "relativity" gives rise tonfusion. Local relativity
(applicable e.g. to sound or the dynamics undeglyire concept of tem-
perature) must not be confused with global relgtiiEvent relativity (as
e.g. effective for induction) must not be confuseéth observer relativity.
The latter, domain of SRT, does physics no serviegher do the trans-
formations invented for its justification. All thég (or should be) pretty
trivial. "Everything is relative" (a sentence oftddiculed, even by relat-
ivists) is indeed consistent if it expresses thisterce of a global unique
system, the stage for all physical events. Unigsens the remarkable
merit of Sagnats work (see below).

It should be carved in ston&:numerically correct result does not
prove a theory rightlf a theory fails just once in consistency (asTSR
clearly does in more than one way) it must be déa The naive ob-
server-related view of SRT doesn't work as a playgdnciple. It seems
that the human mind likes illusions and stickshtent (one of the reasons
to consider psychology, see below). There is moelfor a multitude of
"inertial systems" in physics. Inertia is a stdonsequence of energy con-
servation and dynamics. As such it has nothingdonmith kinematics.
Kinematics and its transformations are sometimédgsfilevhen it comes
to unravel the observers' impression of the effech the effect itself, but
they become fatal when they provoke to change gssoms and mix up
dynamics and kinematics. The physical effect (evbatongs to dynam-
ics. Kinematics is no more than its shadow.

Experimental conditions may change, but osuagptions must not;
we are dealing with one and the same phenomenenprthpagation of
light in its very reference system. We have tokst@ aconsistentmodel
of the propagation of light foany kind of motion of the source, acceler-
ated or the (approximate) case of uniform rectdimmotion (URM). That
we can't tell URM under certain (academic) condsidike a closed elev-
ator (one ofEinsteiris favorites) does not mean a thing. Without ailtic
analysis, the observers' impression is meaningless.

Sagnadoes not care for relativity and its fame. Hevimee of the im-
portance of his experiment also for the identifmatof the one consistent
reference system for light.

In his review of the »effet tourbillionnairgtigue« [9]Sagnacagain
refers to his 1910 analysis which preceded his raxeat. He explicitly
defines an absolute reference for the propagatfidighd at constant velo-
city ¢ (»quand le plateau tournéous supposons que les ondes lu-
mineuses se propagent dans I'éther avec la viiaafferéeV« - his ital-
ics; his 4 is our c).

TR

Fig. 3Sagnats sketch to derive Eq. (1) (from his 1914 revi@wjhere he
applies the concept of circulation to his viewloé ether).

6. Uniqueness is it!
The Relative and the Absolute

"Absolute" may trouble some people becausg tifee it as the
opposite of "relative" where they feel better aimeo Relative has
become the symbol for a democracy of references Blative"
is one more item out of the bag of religious anerefore easily
dogmatized concepts. Nature isn't democratic. Sickssto her
own iron hierarchy. Relativity fakes solid groundheve there is
none. The absolute (literally translated from Latirmeans dis-
separated) may make us feel uneasy as its meanimg as read-
ily grasped as its alleged opposite, relative.duid be more help-
ful if "absolute” were replaced by (or at least erstiood in the
sense of) "unique", a term that reminds us of thee rightfully
given to the whole system: Uni-verse. Nature's ane only one
true blue inertial system. Withne inertial systemscience faces
more than enough problems . As is (or should begrainceNew-
ton, rotation is unique (that maké&agnats such a beauty of an
experiment!). Any kind of motion is unique. The lg#b principle
of energy conservation demands that any object dmg one
unique velocityvaps (that makes MM such a beauty of an experi-
ment). As far as we can follow up the hierarchyg, absolute velo-
city of a locally fixed object consists of threertsaeigen rotation
of Earth {.«), orbit of Earth around Suvds:) and cosmic velo-
city of Solar System\.smi). Ironically, the usual discussion had
focused onvoni - the part that matters least for the problem in
question! InSagnats experiment, we have the additional contri-
butionv = [@xr] due to technical rotation.

Interferometers on a natural or technical mgo-round have
shown non-zero fringe shifts in proportion to tlgation vectors,
Q or o, respectively, according to experimental condgiofhhe
effect due to natural rotation demonstrates thatseétup may ro-
tate as well about an axis outside the area esdtlbyg the light
path.Sagnats technical rotation has great advantages: Thedxi
rotation is perpendicular to the plane of the settyo senses of
rotation and a range ab between zero and some maximum
(which was 2 turns/second =/4 in Sagnats experiment) can be
chosen.

Michelson-Galaype experiments are low-frequency versions
of Sagnacs with a narrow range of accessible frequenciesrdec
ing to and depending on the position on Earth'fasar The unan-
imous outcome is of no surprise: Rotation is aapis absolute.
But this is no reason to single out URM when analyzxperi-
ments on light propagation. because all motiondévidual and
unique in Nature's one-and-only inertial system.



With the fatal effort to skeletonize Naturgemendously complex
scenario we fool ourselves to believe: "We cati'vihich of the objects
in a two-object world (!) is moving”. Gedanken expeents reduce
Nature to a ridiculously simplified scenario, jurapa false conjecture,
and then generalize it to a natural law. The contiatrue - if we respect
the scenario as what it is, we always can tell viliatoving. We cannot
tell why it is moving as we cannot possibly knowadlthe dynamic his-
tory of the event. For practical reasons, it istietate (and necessary,
too) to single out the tiny part accessible anihtg#rest to us on Nature's
stage - keeping in mind that we did single it méglecting everything
else. This is the justification for inventing kinatits and the relativity of
velocities. However, the consistent definition elfative velocities neces-
sitates a unique global reference: The relativearsl between any two
objects is thevectordifferencebetween their respective absolute velocit-
ies. Note: This relative velocity doest have physical relevance (unless
in a dynamic context, that is, some physical irdoa like radiation or
collision). An object may appear to have as maffifierdint velocities as
there are other objects around chosen as referemgethe global prin-
ciple of energy conservation dictates a unique labswelocity. This ar-
gument is independent of our knowledge of the windearchy of mo-
tion. We may content ourselves with the above vguéots 0fvaps.

BradleyaberrationMM, Michelson-GaleFizeay Hoek Sagnag¢and
many more - experiments on the propagation of ldgrhand the unique
reference as the one consistent wapdoountfor the experimental res-
ults (we refrain from "understanding” or "explaiginfor good reasons).
Now we are in a position to answer the question:

Where is relative motion iBagnats experiment? All parts on the
circle of rotation have the same speed and thstadces remain un-
changed. But theivelocity vectorshange continuously, so theserelat-
ive motion. (Here, we have to correct a remark18][ p. 13). On the
other hand, to a very good approximation, therzei® relative velocity
between the parts of the MM setup during a (quizie3 turn. On the
other hand, a setup fixed to rotating Earth witbwhfringe shifts if con-
ditions (duration of experiment, position on Eatbuirface etc) allow.

It is a pity that we still have to discuss thistakes of SRT and (worse
yet) its followers. It is a calamity that math inbl to physics and leads
to fatal consequences like believing in transforamst and “inertial
frames" (the mistake is in the plural). There avedyreasons why we are
always picking on poor old SRT. One of them is: Aahysically relevant
motion, including URM, is unique - whether we liiteor not, whether it
may be detectable experimentally or not.

7. S.A.G.N.A.C. - a Little Game for Exercise

There are good reasons to revive the memo@ewmirges Marc Marie
Sagnacas an important scientist of the late 19th andiye20th century
and his outstanding contributions to physics ndy am his day. Espe-
cially since the advent of the ring laser (see bilte certainly made it
into the charts with his rightfully celebrated expeent. But there is
much more to be told about him, and we will nottwai October 14,
2019 - we will continue to do it now!

Here's a little playful exercise for you to lyiour Award namesake to
your own attention.

S.A.G.N.A.C. may serve as an acronym for netaehtences focusing
on the symbolic message behind the workadnac
An example?

ScienceAdvancesGiving NatureAll Credit
What is the reason for this game? First, itts-fbut it's not as innocent
as it may look, because, second, it sharpens ageusf language as well
as our view and our fantasy to keep asking question
“What could be wrong with the mainstream intetption of...?”
“How can we do better finding more consistency ir eeasoning?”
There is more to science than just intellectualkw®his brings us to...

8. Psychology in Science

Psychology in Science? Why - of course! Thisaidarger
chapter than we might be willing to accept. And gaining im-
portance. A good deal of science (particularly pds/svithin the
field of natural sciences) is governed by the sabcmus per-
formance of the human brain.

There's a lot of psychology in science. We carttrigeof it, but
we can (and must) keep an eye on it.

We must not believe somebody just because #neycon-
sidered "authorities". Science requires more thdeva selected
minds. There can be no "authorities" that stantyathemselves.

As the renowned philosopher-scienfgtrl Raimund Popper
put it: "Die Wissenschaft und inshesondere der avisshaftliche
Fortschritt ist nicht das Ergebnis isolierter Lergjen, sondern
der freien Konkurrenz des DenkehgScience and especially its
advancement is not the result of isolated achiemsnigut of the
free competition of thinking

Relativists are eager to justify “their” thgowhenever they
believe to have a good reason. But they shouldurehsy when
they see they can't get around the effect and ryetot discuss
Sagnadn their terms. Changing scenario (“inertial” veoh-iner-
tial” systems) when they get into trouble doeshep. URM, the
proper self-chosen playground of SRT, should nosattiicially
be separated from the general concept of motiothdrlanguage
of potentials, motion is a matter of the local dymna condition.
The case of force-free motion occurs in a congtatential which
should not be disregarded by arbitrarily setting plotential equal
to zero. Nature provides all kinds of potentialdjeats from zero
to very steep which makes the description of varimuces so dif-
ficult.

8.1 The Zoo of Aether Models

Sagnaclike many of his time, was an "aether man" ( kpgl
intentionally antiquated). He finds himself in aopiinent league
including Hendrik Antoon LorentzAlbert Abraham Michelsgn
Ernst Mach, (the one with the Principle relating the subway
jerking and the distant fix starpliver Lodge,.and everkinstein
in his post-relativity years (see his famous 19@@ress at Leiden
University [15]).

Aether has become the multifarious expressimrsbémething
we actually don't know and yet try to explore agkthe practic-
ally undying question “what fills space?”. (We remtzer vivid ar-
guments at former NPA conferences, don't we?)

The ongoing discussions reflect themselvesiénnbultitude of
models.

Both the aether and its strict denial haveligious touch.

It is quite frivolous to maintain the aethés solid, liquid, a
plasma, a field, dark matter, a particle oceanilac, neutrinos,
etc. (Particles experience a renaissance - remethigerecent
CERN sensation abotitiggs "God Particle"?) The zoo of aether
models is full of strange animals. Everybody tartlogvn pet. Pet
ideas are fine. They make us happy. | know whataliking about

- | adopted my pet from the laiaul Wesleywho came up with
the idea, but felt uncomfortable with it: The ctkground poten-
tial due to all the masses distributed in an indininiverse [18].
That c? occurs in quite a few places in physicsluiding the abso-
lute gamma factoy = (1 — (v/c)?*? of neomechanics (a term
coined for high-velocity dynamics and for distietifrom relativ-
istic mechanics [18]). | admit | like my pet becautsde-mystifies
the notorious E = mc2.
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I'm aware it's a pet that should not be allbwe become a pest. It
would become a pest if | made propaganda tellirerydody that it "ex-
plains everything" — something no model in physeer can do. Fancy
names do not bring us any closer to an "explanatde might as well
call the community of our aether pets a Latin "witigm". Our ubi-
quitum has one important point in its favor — tméqueness of the refer-
ence.

On the other hand, aether deniers are norbefteTotally empty
space is a dogma that does not add much insighgreand contradicts
established findings like the 2.7 K background a&dn from deep space
and the fact that “radiation” continuously tellsalsout distant regions of
our one-and-only Universe, but we were educatelduto emptiness for
the sake of SRT in introductory lessons on physics.

8.2 Pets and Pests (aka Dogmas)

Pet ideas are quite natural and should bepteteas such. But: If a
pet idea is adopted by many who never rose a ptidigselves, it easily
turns into a dogma. A dogma claims to offer underding and truth
where there is none. And, worse yet, it is immugairsst criticism. A
dogma is a huge pet (too big to fail?) that hasedrinto a pest. There
are a lot of huge pet ideas running wild throughsits.

It is dangerous to make ourselves believe thavery own pet is the one
on the right track and stays there. If it runs imtauble, we should let go
of it. Up to now, it seems, that pets in sciencefgrto run loose, al-
though their owners try to keep a firm grip on ttker end of the leash.
And there are pretty large pets at large — leadExghole communities
who blindly adopted them.

Worshiped dogmas must have no place in science.

How can you tell a dogma? Easy: From the pgagted propaganda
to make it immune against objections or critici$?opular presentations
of the wonders of modern physics don't tire to g@gajuestionable cult
theories and their creators and the poor innocebtipis left at the
mercy of that praise.

This may sound like defeatism. But it is ndended to. In science it's
always a good idea to be one's own worst enemyefrararPlanckwho
was reluctant to accept the idea of quantizatioygested by his radi-
ation formula).

8.3 The Psychology of Success in Science
"Correct" and (Hopefully) Correct Results

Everybody has the right to feel satisfactidmew their analysis of an
experiment (or pet idea for that matter) finallyiwes at a result comply-
ing with the experiment. Math usually allows to tthat, and may do so
even for competing or contradicting models. Thioie of the reasons
why SRT managed to survive. For fun, let's dematestthe benevolent
assistance of math with yet another way to arrivBagnacs result Eq.

2).

Interferometry means interference patternsar@img interference
patterns due to phase shifts may be used to telitdight propagation
under respective changing conditions. Phase shifise from
wavelength shifts. And where do we get wavelengiftssfrom? This
brings us to the...

8.4 Doppler Effect

This is a long and strange chapter of physiesd a brilliant lesson
about psychology in physics. Tioppler effect is gratefully welcomed
wherever it can be exploited to serve a dogma imsir@am physics
(“Big Bang”, SRT). On the other hand, its physioca&aning is often bur-
ied under false reasoning.

Textbooks start discussing the three diffesz@narios of the
Doppler effect (source or observer or both moving) in mh a
change in frequency registered by an observer, puiting the
casesvs nonzero and/, nonzero on an equal footing. There is no
symmetry in the effect, although deniers (includiefativists) of
an absolute reference like to sweep it under thpetaThey tend
to neglect second order terms (v/c)? and tie tfiecefo the relat-
ive velocity between source and observer whicligklit mislead-
ing. (Beware of neglects, however small, of alldshThey are al-
ways dangerous in physics - an important lessobetdkept in
mind.) The only consistent treatment of tBeppler effect is
uniquenesdor sound and light alike. That rules out the seui la
Ritz and the observer a Einsteinas a viable reference for light.
The problem with the reference for light is obvidnsthe aether
hassle. But hold - the analogous problem existh sound, say,
in air, too. What reference is “air"? Certainly morof the
atoms/molecules swirling around. Their presendhésnecessary
condition for “air” as reference. The basic formfdathe speed of
sound, (compression modulus/densityplready known tdNew-
ton, contains two collective (or ensemble) paramet&hat still
does not tell us much about the nature of the eafe. “Air” as a
reference is due to the presence of matter batribt matter. Ref-
erence systems need not consist of matter; jusk thifi the center
of mass of a ring-shaped object. Light propagageelywhere” as
far as our experience goes which suggests to atiusptbiquitum
as unique reference system. There is a lot of mptesent in that
ubiquitumwhich contributes to its properties. We might asllw
stick to the time-honored distribution of gravity $pace for the
time being and think of absolute space as the enisfage on
which we place th®oppler effect for light.

It is generally overlooked that “observer intion” is thekin-
ematic part of Dopplefs scenario whereas “source in motion” is
the dynamic part which matters in physics. The two frequency
changes are due to fundamentally different reagdnsoving ob-
server's primary impression is apparentchange ot (sound or
light alike):

VoC
C2

c'=c(l-—) ®)

The source in absolute motion (necessary condjtiprdduces a
real change of.

VsC
A'=A1-—
( C2) @

In forward direction, light cannot ,,outrun“dhsource at, so
its wavelength is squeezed in front and the bacdttwaam exper-
iences the contrary (herepbecomesc). Yes, light wavesre con-
tracted(and dilated! Why relativists prefer to sacrifice the stabil-
ity of a solid(!) steel interferometer to theiira faith in an ut-
terly rigid wave pattern of light(!) remains a manst

To repeat, the dynamic part of theppler effect must not be
confused with the kinematic part. The co-movingeuisr (zero
relative velocity) registers the original frequenafy the source.
But there is always the shift in wavelength whemethe source
moves,vs # 0, Eq. (4). As the phase velocity dxremains con-
stant in absolute space as clearly realizedShgnac a wave
passing by with contracted (dilatedl)passes by with enhanced
(reduced) frequency. Generally, both observer and source are
moving which results in a tricky mixture of dynamiand kin-
ematics. Uniqueness helps us to tell them apa®hb¥ervers at
different velocities reporting N different frequées means kin-
ematics. Moving observers don't qualify as refeeengphysics!



Ironically, in 1887 the German physicibldemar Voig{16] started
the history of what became famouslagentztransformations with the
Doppler effect, with a false assumption (constancy of gheesl of light
with respect to the observer) and with a fatallpmg treatment (trans-
formation of “space and time” instead of wave paters). The rest is
silence (or should be).

Careful use of thBoppler effect, however, may lead to unexpected
insight. The latePaul Wesley{17; 18] has analyzed the MM experiment
in terms of aDoppler effect in absolute space and shown that the MM
null result is due to isotropy. (Some people maydmpted to say “With
zero relative velocity between the various partshef setup, there is no
Doppler effect”. Again: The occurrence of the effsbould be distin-
guished from its visibility under specific conditi® as those of the MM
experiment!) The total number @fopplershifted wavelengths out-and-

back is proportional to 1 — {¢)? and hence the phase does not change

with the orientation of the interferometé&ileslels isotropy factor 1 —
(vJ/c)? is constant under the conditions of the MM eammpent (no fringe

shift upon changing orientation). However, whea tdomponent of the
absolute velocity in the plane of the experimerdliswed to change, so
does the interference pattern. The latter is tise far natural (terrestrial)
rotation. Changes are due to the fastest changiotpw part of the abso-
lute velocity. The lion's share of changing dirextiis Earth's rotation,
not its orbiting around the Sun. In retrospect waynwonder why

Michelsonet al focused their interest on the orbital velpet the time of

their 1887 experiment. No wonder "partial fringdftsh (i.e. smaller

than erroneously expected for the orbital velodfyEarth) have later
been observed (and puzzled the early researchierggtrospect, this

looks encouragingly consistent.

8.5 Sagnac's Result in Few Easy Steps

We are now encouraged to take the variousskafdnotion aboard
(rectilinear and rotating) and propose to interpakt experiments on
light propagation in absolute space in terms of Bluppler effect. As
mentioned above, theig relative motion between the parts of a rotating
set-up, so we should expect to notice a fringet.shbdeling Sagnats
experiment as circular motion of a light sourceténg light either way
(clockwise and counterclockwise), we calculate rtnenber ofDoppler
shifted wavelengths along one turn both ways, kepe@i mind that a
shift of phasés due to the quickly changing rotational velogigrt only
(we need not bother here about the remaining conbtm's share of the
absolute velocity) and we symbolize it by

Technical circular rotation is particularlyrgile: The radiug and the
angular frequencys are constant and the velocity = [wxr] of the
source is equal to the scalar wrbecause, r ande are mutually per-
pendicular and is parallel toc which givesvc/c2 = v/c.

We are left with calculating the total lengththe phase shifts along a
closed loop of lengths2 using theDoppler shift from Eq. (4) and divide
by A to arrive at the dimensionless phase shift

A= (/1 '—/]) 27 - -2wA (5)
A A cA

for the forward (“clockwise”) wavelength and, changgthe sign of v, we
get its negative for the backward (“counterclocletjsvavelength where
A = mr2 is the area bounded by the light paths (circgeometry!). The
interference pattern results from the differencevben the twdDoppler
effects. In total, the interference pattern experés the phase shift

A= 4A®

i 1
Ac

Voila the desired result! The mathematics hemven simpler
than the treatment of the MM null result.

For the counter rotation (nows +eplacesns and theDoppler
shifts are opposite) we get another shift, samenitade, opposite
sign which doubles the effect when comparing thiéssdue to
each sense of rotation.

Should we be happy now? Have we understood awanpdA
enter the result and why it is first order in (véz)d independent of
the shape of A and of the position of the axisotétion? Hint: No.
What do you think? Hint in addition: Don't worryali the Dop-
pler shift on; it does occur whenever the source moves as a con-
sequence of absolute motion. We might confidentyesthat all
sources move in the unique reference system, Natare-and-
only inertial system. Whether tHaoppler shift may be noticed/
recorded by observer/receiver depends on the gpecihditions
and is quite a different story. Our math here iskled up by some-
thing more solid than a kinematic approach witmgfarmations
and all that.

Success is a nice reward in science, but grem&appiness
should not take away our caution. No formula andenof its de-
rivations can give us the security of a full undansling. At least
here we found a route t8agnats result that, agreeing with his
own definition of a unique reference, clearly psimtway from
SRT as doe¥Veslels analysis of the MM null result

9. Sagnac's Renowned Heritage
The Laser Ring

1913 marks the beginning of a new branch efiag physics
that may be traced back to propositionslmglgeandMichelson
andSagnads rightfully recognized for turning a page in gios.
Sagnacproposed the first application of his effect —datectors
of curvilinear motion mounted on a ship [9].

The development of modern laser ring devices heisae Sag-
nacs reputation and he is rightfully considered ti@nper of the
merry-go-round for light. But this is only part lis significance.
His equally important message is about the onlysistent refer-
ence for the propagation of lightagnats fervent rejection of
SRT is tacitly ignored by the official physicist®&mmunity. And
they stick to the untenable dogma of “inertial sys$”. The ana-
lysis of any experiment on light propagation, however, must not
depend on artificial separation into different skes of motion. In-
stead, it should be based on the same principle.

For fun, let us apply our abo@oppler approach to the perform-
ance of a laser ring which is based on a beat &gy f between
the forward and backward partial beams.

TheDoppler shift of wavelength (Eq. 4) due towQr
(terrestrial rotation) results in a complementdriftof frequency
(c =fA = constant):

f

1-2)
C

for the contractedl ahead and with a + sign in the denominator
for -c and the dilated behind.

The difference between both is the beat frequebsgiwved in the
laser ring:

fr= (6)

1 1 2fw  2fQr
" ] =~ =

-2 a+ly ¢ ¢
C Cc

with the usual approximation/e « 1 which safely applies here.

Af = f[ -
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It is customary to express the beat frequémeégrms of the resonator
length L and the area A enclosed. Accepting thateffect is independ-
ent of the shape of A, we may pass over to ciratitaumference L =2
and area, enlarging Eq. (7) byr22xar. As the ring laser probes the ter-
restrial rotation vectof2 not necessarily parallel #®, the general equa-
tion contains the scalar produsiQ and we arrive at

4TAQ -
cL

Af =

Voila again! Eq. (8) is the ring laser (aBagnats) equation with\f

the Sagnac frequencyur derivation is the natural consequence of what

we did before using th®oppler effect in absolute space. And what a
simple procedure!

We stayed on the boat of tB®pplertype analysis applied to the uniform
rectilinear motion of MM and did not have to charm& assumptions
when passing over to rotation. No separate treatwfeaniform rectilin-
ear and circular motion. No discussing “inertiafida‘non-inertial” sys-
tems. No transformations.

The performance of laser rings is impressiveey provide practically
continuous monitoring of earth's rotation and applothe sensitivity of
Very Long Baseline Interferometry (VLBI). Fig. 4shs the daily vari-
ation of Earth's rotation probed by a ring lased)ras compared with the
theoretical expectation (black). One horizontalesea5 days and the ver-
tical scale unit is in uHz. The 14day periodic beath amplitudes
between + 40uHz is caused by the moon.

Af in pHz

_40 -

60 1 L i

55320 53345 55330 55335 55340

Zeit in Tagen (MJD)

Fig. 4: One of the fruits ddagnats contribution to the frontiers
of present precision measurement (from [19])

High precision devices will develop furtheraiybe someone will take
up Wesless proposition of a one-wayagnaadnterferometer [18] to make
them simpler, too. Maybe the orbital frequency aftk around Sun and
its changes will some day prove more promisingeigperimental detec-
tion than inMichelsors day.Sagnac heritage promises further rich har-
vest.

10. The Award - Its Design and Significance

This isSagnats special heritage.

Three intertwining rings are to symbolize theee-ring model
of the electron.

We may find yet another symbol behind the gtesi
Three essential ingredients that should be natarall scientific
efforts; modesty, courage, and honesty as an eesept message
from psychology.

11. It must be so because | want it to be so!
Beware of the Subconscious!

The (psychologically quite understandablehesgocentric
view has given the observer too important a stahasis mislead-
ing in natural science. You will recognize this tale in the big
cult theories (SRT, Big Bang, Uncertainty, ProbiabiWaves,
etc). And sometimes our expectations hold a firip @n our
thinking. The MM experiment is a brilliant examplature did
not give the answer theyantedto have — yet Shaid give a very
clear answer. Was it not seen as such becauses itowasecret in
all its simplicity or because it did not meet thepectations?
There are basically two kinds of errors at worksaience. The
Kaplars [20] summarize the dangers when the unconscias i
large: “Beyond knowledge-based mistakes lies astooé error
yet more dark and formidable, because it lies cltsehe unex-
amined mind, where desire breeds monsters out gi€:ldhe
realm of motivated reasoning.”

It's advisable we focused our attention on the gloiof the ever-
present unconscious and include that in our csitici

Encouragements

We should not be bothered if our criticism dusg a ticket as
"cranks" (or worse). Sooner or (probably) latewill buy phys-
ics a ticket for fresh thought.

Fresh thought means:

Don't let a dogma stop you - keep on thinking!
Science, after all, is a process of continuousiegr

If you wish to venture into French: Sagnac&tioculous ori-
ginal description of his work is worthwhile to reasen without
a deep knowledge of French.

And you may wish to look up the article [3] Michel Quintinof
the Université Paris 6. Here is where | finally fiduSagnac's
photo Fig.1

If you wish to venture into psychology, | higlrecommend
the brilliant book "Bozo Sapiens" bylichael andEllen Kaplan
[20], a mother and son author team, who excellardinbine the
pleasures of humor and intelligence, of laughing l@arning.

A feast!

Congratulationsto all winners of theSagnac Awardpast,
present and future, and to its creators.
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