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Abstract:

The Sagnac effect and related topics are discussed in detail and expounded within the framework
of the Emission Theory of light.

The Sagnac Experiment:

Three plane mirrors, MM,, and M, and a beam splitter P, are mounted on a turntable in a circular
configuration of 25 cm radius. A coherent beam of light, from a source S, is maliiel psra lens
L, and sent to P.

The initial beam is split by P into two beams, A and B, which traverse the sargemppith in
opposite directions. The beam A travels counterclockwise, in the direction of thegotat
apparatus, and meets the clockwise beam B, at P. The two beams are focused onappirotogr
plate O, forming interference fringe bands there.

Both the source of light S and the photographic plate O rotate with the same anguigyr aglie
apparatus.

For a radius of 25 cm and angular velocity ofr@&ds', a fringe shift of 0.034 is observed. The

observed fringe shift varies linearly with the angular velocityand the area enclosed by the light
path, A, Ref. #5].

1. General Considerations



Before applying the Emission Theory of light to the above experiment, the flofjqwints have to
be clarified and made explicit:

1. The light path, as marked by the three mirrors and the beam splitter, fornrasewtase side,
by the Pythagoras' theorem, is equal@& of the radius of the rotating disc.

2. As dictated by the law of reflection, in order for the two beams, A and B, to loop thimugh t
Sagnac apparatus, the normal lines of the mirrogsaiM M, must be at right angles to the normal
of the mirror M, and at the same time made parallel to the normal of the beam splitter P. For
illustration, seeRRef. #1]. Moreover, both the direction of the initial beam, from the source S, and
the direction of the detector O, must make d&d 138 with the normal of the beam splitter P,
respectively.

3. For the Sagnac Experiment to be carried out properly, the rotation of the apparsttbe m
made as close to uniform circular motion as possible. From this basic requir¢mcamie
deduced that the tangential velocity of each mirror is perpendicular to itsinandahat of the
beam splitter is parallel to its normal.

4. The Sagnac apparatus, in most trials, takes less than one second to make one rdbation, in t
laboratory. By contrast, the earth takes 86,164.09 seconds to make one rotation relatis&ts. the
Accordingly, the angular velocity of the Sagnac apparatus is overwhé&megter than the
angular velocity of the earth. Furthermore, the flight time for both beamsighurggly small as
compared to the earth period of rotation. Therefore, it must be concluded thatc¢hefdfie earth
rotation on the Sagnac Experiment is well below the apparatus sensitivilycéhg for any
Sagnac loop with radius less than 10 m, the earth tangential velocity is uniformeamgddnd as
such it cannot be detected through the use of the Sagnac apparatus.

5. In principle, more and more plane mirrors can be added to the Sagnac opticatiusppahout
altering the experimental resultRedf. #6]. Geometrically, adding more plane mirrors adds more
sides to the polygon path of light. As a result, the total length of the light path getstoltse

limit 21, where r is the radius of the Sagnac disc. In fact, this increasing dppodae above
limit is the optical analogue to the Archimedes way of doing calculus. Howehe loops of 2r
length is easily achieved in modern Sagnac interferometers through the wselaf fils of fiber
optics. Based on total internal reflection, a fiber optic is essentially dguiva a configuration of
plane mirrors with infinitely small length.

6. The rotation of the Sagnac apparatus causes the normal lines of the mirrore witbtagspect

to the incident beams. For the counterclockwise beam A, during the travel time ti, M; to

M,, M2 to M3, and from M to P once again, the normal lines rotate in the direction of the incident
beam A. As a result, the angles of incidence, in the four cases, are reduced tetadl gregth of

the light path is increased. The reverse is true for the clockwise beahei e normal lines are
shifted away by rotation from the direction of the incident beam, and hence thengtal ¢f the

light path is decreased. The amount of length change in both cases is directl{iqgrapiar the
angular velocity of the apparatus and the area, enclosed by the light loop, A. It should be pointed
out that within the value range @fused in the Sagnac Experiment, the mirrors would not get out
of alignment enough to break the light loop. Furthermore, the rotation of the normaldiatige



to the incident beams, is the geometrical equivalence to the algebraic repi@sentach will be
discussed later in this exposition.

7. To treat the Sagnac effect according to the Emission Theory, the Stéwarsdn law of
reflection is required. It states that in the reference frame oftibeal®ry, light is always reflected
from a moving reflecting surface with the resultant velocity of itdix@avelocity with respect to
the reflecting surface and the velocity of the reflecting surfacevela the laboratory Hef. #3].
This important law is a generalization of the Law of Reflection. And it occapiesitral position
in the treatment of optical phenomena on the basis of the Emission Theory. In its precis
mathematical form, the Stewart-Thomson law can be derived and formulatedtiydt reflection
of light as a special case of elastic collision and applying the consenatisiot linear
momentum and kinetic energy, for moving bodies, to the incident light and the reflesfages
However, the quantitative treatment of this subject can be significantlyifsgthfly assuming that
the ratio between the mass of the incident light and the mass of the reflectaug ssifanishingly
small and practically equal to zero. And therefore, the recoil caused by the iighiean the
reflecting surface can be neglected without affecting the precision of thatgtize treatment.
Consider, for instance, the simple case of a plane mirror approaching or gefcedira stationary
light source along the normal to its reflecting surface with a uniforradimelocity,v. If the angle
of incidence with the normail, is measured counterclockwise with respect to the velocity vector of
the mirror, then the magnitude of the relative velocity of the incident kjltdan be computed by
applying the law of cosines:

¢’ =+/c2+V2+2 cveos| [1.1]

Wherec is the Maxwellian speed of light in vacuum. The direction of this relative veld¢itan
be obtained by applying the law of sines to the above arrangement:
sini’ = %Esiri [1.2

From the law of reflection, the angle of reflection for reflected lighstnbe equal to the direction
of the relative velocity of the incident light, and hence:

2
cos' =+ 1- sini' = ].—Eb,zgsi [1.3].
VT EH

And by applying the law of cosines once more to compute the speed of the refldttesdig
obtainc™:

" =+/¢ 2+ V242 ¢ veos| [1.4

By combining Equations [1.1], [1.3], and [1.4], we obtain for the general case:



N 2 0
=1+ 2 + zl’Dcos'+\/1+i2+ 2 Coi] [1.5].
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When a mirror approaches directly a light source along the normal to itsingflsarface,
Equation #[1.5] is reduced to:

c'=c+2v [1.6

And when it recedes from the source along the same line, we obtain:

c'=c-2v [1.7].

Equation #[1.5] can be generalized further through the rotation of the normal to the stitfecce
plane mirror by an anglg,around the velocity vector of the mirror and applying the laws of
cosines and sines in each case.

One important case is whgn=(90°), In this special case, the speed of the reflected light is always
equal to the speed of the incident light, i.€", € c), regardless of its angle of incidence; and its

direction is governed by the law of reflection.

It should be mentioned that, in terms of incidence and reflection angles, the laleadiaeffrom
moving mirrors is established as an empirical IRef[ #3]:

sini, _ sin,

[1.8];
. V . \)
cosl+E Co$, e

Wherev is the velocity of the mirroi; andi, are the angles of incidence and reflection,
respectively.

Furthermore, the fact thatifi; = siniy), for a mirror rotating about its normal, is experimentally
verified, [Ref. #4].

8. The Stewart-Thomson law can be extended to include change of velocities upcioreina
moving media as follow:

Light always moves, in a moving medium of refractive indgwith the resultant of its refracted
velocity relative to the refractive medium and the velocity of the refi@atiedium with respect to
the laboratory,Ref. #3]. Accordingly, upon emerging from the refractive medium, light always
restores its initial velocity of incidence as measured in the refefesnme of the laboratory.



Taking into account the above remarks, we can now work out the details of the Sagnac effect
within the context of the Emission Theory of light. The two cases of rotating aimhatgitsource
and detector have to be considered in this discussion.

2. The Case of Rotating Sour ce and Detector

The initial beam, emitted by the source S towards the beam splitter P, mdvésewiésultant
velocity c',

¢ =+/c?+V +2cvccod [2.1],

Wherev is the tangential velocity of S, aiéds the direction of the incident beam relative to the
normal of P, and equal #5°. The incident beam is split by P into beams, A and B. Beam A is
transmitted by P towards the mirror Mith the resultant velocitga

c,=C =G+ V+2cwosd [2.

Beam B is reflected by P towards the mirrog With the vectors sum of the velocity of the initial
beam with respect to P and the tangential velocity of P relative to the labpratory

c, =V &+ V2 —2cvcod [2.3]

Because M, M,, and M; have normal lines at right angles to the vectors of their tangential velocity,
they would not change the speeds of incident beams upon reflection. This passivenmle of t
mirrors simplifies calculations considerably. Only S, P, and O, have to be taken imtotaoc
computations based on the Emission Theory.

Letta andtg denote the total travel time for the beam A and the beam B, respectively.

(= |+t ,vcosh _ I
A C, C, — Vcosd

2.4,

Wherel is the length of the total path, arigvCos) the projection of the detector displacement,
during the travel tim&,, onto the polygon path of the beam A.
For the beam B,

_l-tyvecosh _ I

t
° Cy C, + vcosd

[2.5];

Where {g vcod)) is the projection of the detector displacement, during the travetgjraeto the
polygon path of the beam B.

Using Equations #[2.4] and #[2.5], we compute the time differdhce



At=t —t = I _ | _ID Cy, —C,+2vcod
AP ¢,-veosd g+ vcod E((‘A—VCOQ)(%+ vV Ca)

O
0 [2.6
O

For (v << ¢), we can use as an approximatian, £ cs) and [¢® — Vcog6) = ¢, in the above
equation:

[vcosB O

From the design of the Sagnac Experiment, we have,
(=4[2] l’Zr), (v=awr), and @=45°, wherer is the radius of the Sagnac loop. By substituting in
Eq. #[2.7], we obtain,

8cr?

At =
2

[2.8]

Using @ = 2r?) in the last equation, we obtain,

4wA

At =
2

[2.9)

Where Q) is the area enclosed by the light path.
Finally, we multiply @t) by the factor¢/A) to calculate the interference fringe sk

Nz=—— [2.10]
cA

Where @) is the wavelength of the light used in the experiment.

3. TheCase of Stationary Sour ce and Detector

Given the feasibility of executing each run of the experiment in sufficishtiyt period of time,

it's possible to calculate the Sagnac effect in the case of stationacg soar detector. Let a source
of light S, at rest in the laboratory, emit an initial beam in the direction of angtatam splitter P.
Since the tangential velocity of P is too small compared to the velocityhofthg effect of light
aberration on the angles of incidence and reflection as required by thetStearason law, can

be omitted without affecting the precision of the calculations.

Let A denote the part of the initial beam transmitted by the beam splitberaPds the mirror M1,
with the velocity of the initial beant, and hence,

Cc,=C [3.1
Where €,) is the velocity of the transmitted beam A.



Let B denote the part of the initial beam reflected by P towards the migraviVl the vector sum
of the velocity of the initial beam relative to P, and the tangential velocRyimthe laboratory,
and therefore forn(<< c),

c; =(c-2vcod) [3.2]

Wherev is the tangential velocity of the splitter P.
We now compute the travel time for each beam,

I :
t,=—=— 3.3
S [3.3

Wheret, is the travel time for the beam A, anid the length of the light path. For the beam B, the
travel timetg,

I I
ty=—=

= [3.4]
C; C-—vcosd

Let (At = tg - ta), and for ¢ << c), [c(c - 2vco$) = ], and hence,

8cr?

At==7 B

Wherewis the angular velocity of the beam splitter P, and r is the radius of the Sagn&wtisg
that A = 2r%), and multiplying by ¢/A), we obtain the phase shift,

nz=20A [3.€
cA

WhereA is the wavelength of the light used in the experiment.
We conclude, therefore, that for the range of angular velocities used in tree &ageriment,
stationary and rotating detectors show the same interference fringe shift

4. The Michelson-Gale Experiment

This experiment is identical to the Sagnac Experiment in the case afigatatirce and detector,
except the earth here plays the role of the rotating Sagnac disc.

Because the earth angular velocity is several orders of magnitutlerdhen that of the Sagnac
disc, the area enclosed by the light path must be corresponding greater. astms a rectangle
of (613m x 340m) area is chosen by the experimenters as path. For experinieptabseontal to
the earth surface, only the component of the earth tangential velocity perpendidsiaurface is



effective. Consequently, the Michelson-Gale Experiment would work best at thedddrthe
South Poles, and would not work at all at the Equator.

However, for a rectangular light path vertical to the earth surface, the oppdsite, i.e. the
experiment would give its best results at the Equator, and no results at the esgth Pol

The Michelson-Gale Experiment, which was set up horizontally to the earth ssofaegvhere

between 30-Parallel and 45-Parallel in the United States, performedwathérhe expected
displacement was 0.236 of a band. The value obtained as the mean of 269 readings was 0.230 of a
band with a probable error of £0.005. It is a very good result, considering the lagmel@sed

by the rectangular path and the loss of definition caused by air curfRefts#3).

5. TheRelativistic Interpretation
It's appropriate at this point to review the conventional explanation for the Sdtgaclestx, y,
z, tandx’,y’, z, t' be the usual Relativistic axes in the reference frame of the rotatingcSdign

and that of the laboratory, respectively.

In the plane of the light loopz < z’' = 0), and the other co-ordinates,

X = xcos(wt) - y sifwt) [5.1];
y = ysin(wt)+ yco{wt) [5.2].
t'=t [5-3];

Where () is the angular velocity of rotation.

General Relativity gives, in the reference frame of the laboratory, #r@ahs between two
events,

ds’ = ¢df - df = ¢ df- dX- dy [5+

When both events are in the plaae=(z’ = 0).

Substitutingk' andy' as defined above, we put

dX = Hixsin(w1) - dycoqw )5~ Excofw ) - v sifw 7o dt [5.

And similar expression fod§’), with a total of 33 terms for the interva))(

However, when terms involvingf) are neglected, the number of terms is significantly reduced,



ds’ = ¢ df -2w( xdy- ydk dt dt [5.¢€
Equation #[5.4] gives an interval of zero for any two points on a ray of light, and hence,

c’dt’ —4wdA- df =0 [5.7]
Where {da = 1/2[xdy — ydx} for the triangle whose apex is at the origin and whose base is the
element of the light loopHef. #4].

By integrating over the light loop, we get the approximations,

2wA

CZ

[5.8]

dl
=—+
tl C

Where {;) is the travel time for the counterclockwise beam.

The travel time for the clockwise bearty),(

dl 2wA .
tz:?_ 02 [59
And therefore,

At=t, -t, = 29A [5.10]
C

Now we must note the weak points in the above explanation.

Due to the dubious step of explaining away the less obscure, the Sagnac effecethingdiar
more obscure, the Pseudo-Riemannian geometry of General Relativity, the aoralenti
interpretation is completely devoid of any insight into the true nature of tmaSagect. In
addition, the use of two different co-ordinate systems in the quantitative tre¢athtlee Sagnac-
type experiments is redundant and unnecessary. Only the rotating co-orditeateisysiportant.

As a matter of fact, in the Michelson-Gale Experiment, the observer doegenateed to be aware
of the existence of the Solar System, let alone setting up stationary caesdglative to the stars.

The problems, posed by rotation to the Relativity Theory, run even deeper than this.

Recall that, in Special Relativity, clocks in relative motion cannot be synekdrand length of
measuring rods varies with states of motion. Well, on a rotating disc of iron famgéesevery
point has a unique motion relative to every point else on the disc. This also applies to etery poi
on rotating clocks and measuring rods. Here, ‘point’ really means ‘point’ in tbieggometrical
sense of the term, i.e. all the way down across the infinitesimals. The nebfedlhis is the
utter annihilation of the measuring functions of clocks and measuring rods on rptatfogns.



It's easy, therefore, to see how Einstein was forced to model his Four-chmariSpace on the
Riemannian Geometry whose co-ordinate systems have no physical meaning ardér to
make contact with the world of measurements; the so-called Post-NewtoniaxiApgdron is
invented. It's lengthy and arbitrary. But even then, it works in only few camdsding the case of
Sagnac effect.

6. Concluding Remarks

It should be clear from this discussion that the Sagnac and related expe@nmgemore readily

handled and explained away by theories based on variable speed of light includingssierEmi
Theory. In fact, experiments of the Sagnac type are part of the evident& &geecial Relativity

[Ref. #2], and any other theory built upon constant speed of light with respect to moving observers.

Explanations based on General Relativity, like the one given earlier, cannot dharfget. That
is because, even though not always clear, the latter theory implies vepgiag of light with
position. And in any case, those explanations are contrived and unconvincing.

Furthermore, the ability of observers to detect and measure the angularesetdfdheir platforms,
without any reference to anything else, must worry all those who believia¢Rtinciple of
Relativity is valid under all conceivable circumstances. Mere faityliand a bit of collective
wizardry may lessen this concern. But, really, if they think about it more dgretihtion must be
deeply troubling. It's, above all, the strongest evidence, as demonstratedtonideRotating-Pail
Experiment, for absolute space and time.
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