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Abstract

The Sagnac effect shows that light signals emitted upon a rotating disc do not travel at the same speed with and
against the direction of rotation of the disc. It has been long debated whether this same effect applies in the case
were light signals are emitted upon a body in uniform translational motion. This paper shows that the Sagnac
effect also applies in the latter case

A general derivation of the Sagnac formula is given for any shape of light path.

The Sagnac Effect.

The Sagnac effect [1] was discovered by a Frenchman of that name, and published in 1913, which was three
years before the General Theory of Relativity was introduced by Einstein.

Sagnac showed that light took different times to traverse a path, in opposite directions, upon a spinning
disc.
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Figure 1
Sagnac Test

Figure 1 shows a schematic representation of the test. A source at ‘A’ sends light to a half-silvered mirror at C.
Some of the light goes from C to D, E, F and C and is reflected to an observer at B. Some of the light goes
around the other way. The whole apparatus (including A and B), turns with an angular speed of @. The
difference in time (df) for the light to traverse the path, in opposite directions, was derived by Sagnac as:
dt = 4Aalc? (1)

where A is the area enclosed by the light path, @ Radians per second is the angular velocity of spin and ¢ the
speed of light. By reversing the direction of the spin of the disc, he got double the amount, and this made the
result more detectable. The inequality shows up as fringe shifts at an interferometer at C.

It is extremely important to realise that the light source (a flashlight), the measuring device (an
interferometer) and the photographic plate recording the result were all fixed to the rotating disc and rotated
with it.

The Area concerned was 0.86m’, and the rotational speed 2 Hz. Sagnac showed that the centre of
rotation could be away from the geometric centre of the apparatus, without affecting the results. He also showed



that the shape of the circuit was immaterial; a proof of this will later be derived.

Sagnac thought the so-called ‘ether’ was the cause of the difference but, as will be later shown, there is
another explanation. It seems that the work of Sagnac and of others, who later did the same test, was ignored
because they thought it was caused by an ‘ether’, which was later said by Einstein to be superfluous. Sagnac
published a dozen articles from 1897 to 1914, on the behaviour of light and interferometry. He devised many
novel items of equipment, to solve the problems he posed.

In order to get a simple derivation of the Sagnac equation, consider the theoretical circular model shown
in Figure 2, as derived by Post [2]. Post is a pioneer in the examination of the Sagnac effect and his publication
is the seminal publication on the Sagnac effect.

Two light beams emanate from the light source at S, one beam travelling clockwise, and one counter-
clockwise, around a circular disc of radius ». The light source S is fixed on the rotating disc. The disc itself is
rotating with an angular velocity @in a clockwise direction. The counter-clockwise beam is going against the
rotation of the equipment and returns to the light source when the source is at S’ (distances greatly exaggerated
for clarity). A photographic recorder also rotates with the disc and records the fringe shift that occurs at the
interferometer. The second beam, travelling clockwise with the direction of rotation of the equipment, returns to
the light source when the source is at S”. As viewed by an observer on the spinning platform, the light signals
return to the same point, but at different times. Points S and S’ are points on the fixed laboratory desk, as they
would be marked beneath the spinning disc by a stationary observer in the laboratory.

/
/

Whole apparatus turning at @ clockwise
Figure 2

Circular Sagnac Test

Referring to Figure 2, and taking t, as the time observed when the disc is stationary, i.e. the path length divided
by the speed of light:

to=2mrlc (2)
The time ¢’, as observed aboard the spinning disc, for the counter-clockwise beam to complete a circuit, is
t’=2mr/(c+v) 3)

where v is the speed of a point on the periphery of the disc.

The difference between the two equations (2) and (3) is:
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So the difference in time (d¢’) between the stationary and the anticlockwise cases is:




dt’=(ty—t)=tpw/c+v) 4)
For the other direction, where ¢” is the time for the clockwise beam to arrive back at point S”, the difference
(dt”’) between the stationary and the clockwise case is similarly:
dt”=(t"—ty) = tyv/c—V) (5)
Equations (3) and (5) may be stated as follows: the moving observer thinks that the light has, relative to oneself,
completed one revolution of the disc (2nr) at velocities of ¢ + v in the two opposing directions.

To get the difference in time (df) between the time for the light to go clockwise, and the time to go
counter-clockwise, adding equation (4) from (5) gives d¢’ + d¢” = d¢, and where v = rw for circular motion and
A =t is the enclosed area.

dt = 4A0/(c’ - V) (6)
and, because v’ is negligible for practical tests, this term can be ignored, giving the formula developed by
Sagnac.
Other relationships exist. The time differences for the light signals to come back to the place where the
light was emitted are also expressible as follows:
dt’=tv/c,and dt” = t"v/c (7
Taking the distance SS’ as ds’ and SS” as ds”, then, because ds’/v = ¢, and ds ’/v = ¢”, from Equations (3) and
(4):
dt’=ds’/cand dt” =ds"/c (8)

From (4) and (5) ¢t” — ¢’ = dt” + dt’ = [ds’ + ds”]/c. Note that it is the addition of (not the difference
between) the two increments of movement ds’ and ds”, divided by the speed of light, that gives the difference in
the times taken by the two opposing beams of light that traverse the circuit.

The calculation above is done on the presumption that there is a difference in the time for the signals to
get back to the starting point, as is found in practice. The above derivation is used to put a value on the
difference. Had no difference been discovered by Sagnac, then no derivation would be attempted!

Another method of deriving the same formula is to assume that the light travels with respect to the
laboratory. If this assumption gives the precise Sagnac result, then this proves that, indeed, the light behaves in
this way. As before, t, is the path length (2nr) divided by the speed of light: t, = 2mr/c.

When the disc is put in motion, a light signal is emitted from the light source at S; a portion of the signal
goes clockwise (denoted by the inner line in Figure 2), and some goes anticlockwise. Both signals are here
assumed to independent of the speed of the source at S, and are also assumed to travel relative to the laboratory.

Let t’ be the time for the light to go from S to S’ in the anticlockwise direction.

t’=[2nr—ds’]/c 9)
But, ¢’ is also the time taken for the disc periphery to move the distance ds' in the clockwise direction at speed v.
Therefore t’ =ds’/v,and ds’ = t’v and,

ds’=[2nr—ds’|vic

ds’/v=2mr/[c + V]

t’=2nr/[c + V] (10)
Similar calculations for t” give the time for the light to go from S to S” in a clockwise direction,
£ =2mr/[c — V] (an

Subtracting these two equations, the difference (dt) between the times for the light to go clockwise (¢”) and
anticlockwise (¢°) is

(12)
This is the same as already derived above by the first method, in equation (6).
Equations (9) and (10) are mathematically equivalent; they both give the same time interval. Equation
(9) may be stated as follows; the observer in the fixed laboratory observes that the disc periphery moves a

distance ds’ while the light completes a distance of 2n» — ds’ around in the other direction from S to S’. The



equation describes the time interval, as it would be discerned by the observer in the laboratory. Remember that
the actual ‘observer’ (the interferometer) in Sagnac’s tests was riding upon the spinning disc.

The Sagnac effect shows that the light is not affected by the movement of the source of that light. It also
shows that the light travels relative to the laboratory, because assuming that the light travels relative to the
laboratory gives the correct result in all cases. The assumption that the speed of light is independent of the
speed of its source (as is sound) is one of the assumptions made by Einstein on the behaviour of light.

To get a fringe shift of one fringe, the velocity of Point S in Figure 2, relative to the laboratory, has to be
about 13 m/s per meter of radius. This is a very low velocity, where relativity theory cannot possibly have any
function.

Fringe shift is got from time difference by multiplying by c¢/A. Where the wavelength of light A = 5500 x

10" m, and v = ro, this gives v = 13.13m/s, per meter of radius, from:
12 440 4y

¢ 3x10°x5,500x10" (13)

In equation (4), for small values of v, dt’ is fyv/c. As v approaches c, d¢’ becomes #,/2, and the speed
relative to the observer is now becomes 2c. In equation (5), as the speed v approaches c, dt” becomes infinite,
because the light and the Point S, are travelling in the same direction and the time for the light signal to gain
one complete circuit on the Point S is infinite. At very low velocities, the result is again #,v/c.

Dufour & Prunier Tests

The French pair, Dufour & Prunier (D & P) [3] repeated the Sagnac test, forty years after Sagnac had done it,
and got the same result. They then did other very important variations on the original Sagnac experiments. They
showed that the photographic record could be taken upon the spinning disc or from the fixed laboratory and that
the result was the same.

This author has located no reference by Einstein to the Sagnac tests, and that can be viewed as very
strange because the tests were on the speed of light, which is the basis and core of Special Relativity. Einstein
visited Miller [4] in the USA in 1921 where tests on the speed of light were in progress. Lorentz also visited the
same site. Sagnac’s work was referenced by Silberstein [5] (1921) who worked with Michelson & Gale [6] on
their on 1925 tests (described below). Miller was a co-worker with Michelson. Silberstein remarked “As a
matter of fact, Einstein himself never entered into the details of this important problem of rotation” and “In
fine, the optical circuit experiment may easily become crucial and fatal for Einstein’s theory.” Turner [7]
(1979) commented that neither the Sagnac tests nor the Michelson & Gale tests were ever mentioned by
Einstein.

Michelson & Gale Test

In 1904, Michelson [8] proposed a test to prove whether or not there was an ‘ether’. This test is of direct
interest in the present debate, not because of a debate on a possible ether, but because the tests he proposed, and
subsequently carried out, are pertinent to the behaviour of light. He proposed that if two pencils of light were to
be sent around the earth in opposite directions, and parallel to the equator, then any difference in their time to
traverse the circumference would be discernible. He then had the idea, that a short portion of the circumference
traversed in either direction would give a measure of the same phenomenon. He said “but it is not necessary
that the path should encircle the globe, for there would still be a difference in time for any position of the
circuit.” By taking a short part of the circumference, he proposed that by measuring the proportion of this part
to the whole circumference, he could compute the effect for the whole circumference.

He calculated that for a circuit of one kilometer square, the effect should show a measurable fringe shift.
In such a test in 1925 (Figure 3), when Michelson was 73 years of age, Michelson and Gale (M & G hereafter)
constructed a large rectangular pipe system laid on the ground (it was 2010 feet from East to West and 1113



feet from North to South). The latitude was 41%46' N. They evacuated the pipes to get a low pressure, and
measured the light signals going in opposite directions around the circuit.

There were two circuits, one short (around ABCDA), and the other longer (AFEDA). The short path
was used to provide a reference against which to compare any fringe shifts that would occur. In the original
Sagnac test, the reference fringes could be set when the apparatus was stationary, while the light signals were
sent around in opposing directions. M & G could hardly have stopped the earth’s spin to get a record of the
stationary fringes!

Light signals were sent in the two directions from a half-silvered mirror at A. The interference on return
was also observed at A.

One can say that the Michelson & Gale test does not vary the @ (the rate of rotation of the earth), but

varies the Area in the Sagnac formula [(dz = 4Aa»’cz)], by having the two circuits (the smaller and the larger)
described above. M & G derived the formula from a consideration of the times taken by light to traverse, in
opposing directions, the long sides of the rectangle; there would be a zero difference for the time to traverse the
shorter sides, because the light was there going very close to directions which are towards and away from the
centre of the earth and not at all affected by the rotation of the earth.

The spread of the results was very wide. They got fringe shifts ranging from + 0.55 to — 0.05. The
average was 0.230, compared with the theoretical forecast of 0.236. This agreed to within 3%, which was a
satisfactory result. As the figures went from double the average figure to below zero, this may explain why this
important test has gone almost unrecorded in textbooks.
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Figure 3
Michelson & Gale Test

Michelson had done open-air tests, in Summer 1923, on a circuit of over a mile in length. The fringes could not
normally be clearly distinguished. However, for a half-hour before and after sundown, the effect of fringes
could be somewhat more clearly discerned. In the 1925 paper M & G gave for the ‘both way’ difference the

formula [4A(o/cz]Sin ®, where O is the latitude. In 1904 Michelson had derived a formula of half that amount,
and changed this in the 1925 article (when Silberstein pointed out the slip). Michelson was aware of Sagnac’s
work, because Silberstein in 1921 referred to it in detail in his paper, where he picked up the slip of a factor of 2
in Michelson’s earlier work. This same formula (without the Sine of the angle of Latitude) was given by Sagnac
for his small laboratory tests, where the spin of the earth had an insignificant effect. In M & G’s test the centre
of rotation was at the centre of the earth, which is some 4250 km from the area being used.

The following analysis of the M & G experiment is, as far as could be ascertained, novel. It gives a very
straightforward explanation of the results; it is simpler than the derivation given by M & G in their paper.

The M & G test is really a straightforward Sagnac test with the rotational speed that of the earth’s spin
and the Area that of the rectangular piping system. Why is the ‘Area’ that applies not the cross sectional area of
the earth at that Latitude? This is seen from the following. The turning of the area in the M & G test, at the
rotational speed of the earth, is seen from considering the area of a quadrilateral as the earth spins. The area



‘abcd’ in Figure 4 is the projection of the M & G piping quadrilateral on to the cross section of the earth at the
latitude of the test.

This area turns with the rotating earth, as is seen by examining the corners a, b, ¢ and d as the earth turns
once per day. After 12 hours, the area has turned upside down and the side d-c is now on top and side a-b
beneath on Figure 4. This explains simply why the centre of rotation can be away from the geometric centre of
an area in a Sagnac-type test. In one revolution of the earth, the area turns once; thus the angular velocity of the
earth is also the angular velocity of the area in the test. The area that turns once per day is the projection of the
area of the piping system, which was laid on the ground, on to the cross-section of the earth at the relevant
Latitude. This is why we apply the Sine of the angle of latitude. At the equator, there would then be no effect in
an M & G type test (where the Sine of the angle is zero); at a pole there would be the full Sagnac effect (where
the Sine is unity).

The calculations on the M & G 1925 tests are as follows. They got, on test, an average fringe difference
for the both-way test as 0.230 fringes. To get the time difference corresponding to this we multiply by A/c, i.e.
the wavelength of the light divided by the speed of light.

The wavelength was 5,700 x 10" m on the test, so the time difference is [0.23 x 5700]/[3 x 10'18] =
437 x 10"° s. This difference is per light circuit of the apparatus. To get the fringe shift, take the Sagnac
formula, using the angular velocity of the earth (7.292 x 10'5) the Sine of the Latitude of 4146 (0.666), the

Area (0.207 kmz) of the piping system in Figure 4, and the above wavelength of light, gives 0. 236 fringes,
which is M & G’s forecast figure.

d Earth f
Turning

b
Figure 4
M & G Rotating Area

Interestingly, in these tests, it was noticed by this author that the light going in the counter-clockwise direction
was retarded with respect to the light going the other way. From the Sagnac tests (see Figure 1), this would
indicate that a spin in the counter-clockwise direction was causing the difference. Looking down on the North
Pole, we see that this is indeed the direction of spin of the earth.

The effect of the spin of the earth is so small that it would not show up in a small Sagnac laboratory test.

The fringe shift caused by the earth’s rotation on a Sagnac disc test of 1 m diameter would be about 1 x 10”
fringes at mid-latitudes, and would not be discerned. The M & G test was successful in discerning the rotational
effect of the earth by having a large enclosed area.

There may have been some doubt as to the accuracy of the M & G test. However, with the advent of the
ring laser (see below) the same type of test has been done to great accuracy.

Yet another test, done by Michelson [9] (1913), confirms that light travels in relation to the laboratory.



In this test he bounced light beams off rotating mirrors, which were rotating at 1800 rpm. He proved from the
resulting fringe shift that:

(1) the light does not bounce off such a mirror, as would a tennis ball bounce off a moving racquet.

(2) light does not take up the movement of the mirror; that is, the velocity of the source of the reflected
beam coming off the rotating mirror does not have any change in its velocity, caused by that moving mirror.

(3) the light actually ignores the whole rotating apparatus. It moves solely with respect to the laboratory.

This test is a clear confirmation that the conclusions in this paper in respect of Sagnac-type tests are
correct. The accuracy of the Michelson test was 1:50.

Oddly, in this 1913 paper Michelson made an error of a factor of 2, but this was cancelled out later by
his omission of a similar amount; this was uncovered by a colleague who has been corresponding with this
author on that test. Michelson seemed to specialise in making errors of a factor of 2! But, his results were
experimental and stand.

Ring Laser

The development of the ring laser has led to a far more accurate method of measuring the Sagnac effect. The
accuracy in Sagnac’s time was about 1:100. In 1963 Macek and Davis [10] carried out a Sagnac test using
lasers on a rotating disc of about the same size as had been used by Sagnac. Their tests gave an accuracy of 1 in

10", Bilger et al. (1995) [11] carried out a test, using a ring laser that was fixed to the earth, as was the
Michelson & Gale piping system. Their aim was to determine the rotational effect of the earth on the behaviour
of laser light, which was sent in opposing directions around a small circuit in the laboratory. The circuit was a

square of area 0.75 m® and they used a piping system filled with a Helium-Neon gas. The test was done at a

Latitude of 43°29°S in New Zealand. The apparatus was 30 m underground, fixed in a cubic meter of concrete,
tied into basalt.

The ring laser has a property that gives rise to the beating of counter propagating modes, at a frequency
df given by df = [4Aw]/[AP] where o is the angular rotation of the earth, A the wavelength of the light used,

and P is the perimeter of the ring laser. Bilger et al. achieved an accuracy of better than 1 part in 10%°. The
accuracy of this result is a twelve order of magnitude improvement on the M & G test, while the area concerned
is less by a factor of 277,000 (Anderson et al, 1994) [12].

The performance of the ring laser is somewhat different from that of the traditional Sagnac test. In the
ring laser there are set up standing waves of the laser light. These are like the standing waves set up by shaking
a long rope that is fixed at the far end, or like the resonant vibrations of a violin string. In a circular ring laser
these waves stay stationary in relation to the laboratory (Martin, 1996) [13]. If the ring is now rotated the nodes
of the standing waves can be recorded as they pass by an observation post. This is a different phenomenon from
the recording of a movement of fringes from their stationary position in a Sagnac test. The speed of the passing
nodes in the ring laser test depends upon the shape of the ‘ring’. In the case of, for example, a square or triangle,
the wave rotates at a different rate than in the case of a circular configuration. In all cases, the velocity of the
passing nodes is directly proportional to the rotation rate. This phenomenon is further confirmation of the
proposal in this paper, that light, in small scale experiments, travels relative to the laboratory (Anderson, 1986;
[14]).

It was noticed by this author that in the Bilger ef al. test the rotation that caused the retardation of the
laser was clockwise when viewed from over the South Pole. This retardation was in the opposite sense to that in
the northern hemisphere M & G test. This Bilger et al. result therefore also conforms with the Sagnac effect.

There was a considerable element of luck in the original Sagnac experiment. It was later found that the
light signals can lock on to the circuit and mirrors unless there is considerable vibration; such vibration was
present in the Sagnac experiment. In later designs a dither is introduced to ensure that locking does not occur.
History would, no doubt, have taken a different turn had the Sagnac test results given a zero result, which
would have been the case had the equipment been rock steady; in that case it would have been taken as proof


alan
Highlight

alan
Highlight

alan
Highlight


positive of SR!

Circular Path versus Straight Line

Einstein (1905) [15] accepted that movement on a circular path had the same result as movement in a straight
line, when considering the question of measurement of distance or time. He derived the relationship between
the time being kept by a stationary clock and a moving clock. Einstein said, when referring to the moving
clock,:

it follows that the time marked by the clock (viewed in the stationary system) is slow by 1 — (I — Ve
seconds per second, or - neglecting magnitudes of fourth and higher order - by 12V,

Having thus derived his formula for straight line movements, he said:

it is at once apparent that this result still holds good if the clock moves from A to B in any polygonal
line, ....if we assume that the result proved for a polygonal line is also valid for a continuously curved line, we
arrive at this result: If one of two synchronous clocks at A is moved in a closed curve with constant velocity
until it returns to A, the journey lasting t seconds, then by the clock which has remained at rest the travelled

clock on its arrival at A will be 1/20v*/c* second slow.

Even though the effect he described is infinitesimally smaller than the Sagnac effect it is the argument
of application, from a straight path to a curved path, that is of interest here.

This conclusion, that the curved path is the same as a straight path when considering motion and time,
might be queried, in relation to the centrifugal force effect for uniform circular motion. But, as Young [16] puts
it “there is no component of acceleration parallel to the path; otherwise the speed would change.”

In 1919 three years after the publication of the General Theory, Einstein repeated the statement when he
wrote “The rotating observer notes very well that of his two equivalent clocks, that placed on the circumference
runs slower than that placed at the centre.”

The path, in Sagnac’s original test, was made up of straight lines. Harress [17] (1911) did tests with a
series of ten prisms around the circumference of a disc; in this case short straight lines were also present. One of
Pogany’s tests (1928) [18] had the light travelling around the four sides of an approximate square. This also
confirms that the light emitted upon a rotating disc, when travelling in a straight line (on a polygonal section),
does not travel at the speed c relative to the moving disc. As stated by Einstein (1905), there is no reason to
credit that light, which travels in a series of polygonal lines, will behave differently from light travelling off in
one straight line. Many references try to claim that we cannot apply SR to motion in a circle, or on a closed
circuit, or to anything but straight line motion; but Einstein applied that theory to those situations in the basic
paper on SR. As we know, Einstein (1916) [19] later changed his mind when he launched his General Theory.
He wrote

The word ‘special’ is meant to intimate that the principle is restricted to the case when K’ has a motion
of uniform translation relatively to K, but that the equivalence of K’ to K does not extend to the case of non-

uniform motion of K’ relatively to K.

This 1s an example of where authors can selectively quote Einstein’s writings, whenever there is a
seemingly insurmountable difficulty with SR theory.

Sagnac Effect and Uniform Translational Motion



There is no such thing as a perfect Inertial Frame. Everything in the Universe is in motion. The earth and
everything upon it, and all other planets and stars are in some motions. The best we can do is choose a Frame
that is acceptable for the purpose of our measurements in a particular experiment.

Many authors claim that no matter how large the disc, it does not approximate to a straight line, because
there is still some rotation involved. The centre of the earth (moving around the Sun) is taken as a suitable and
perfectly acceptable inertial frame for Global Positioning System measurements; these record the time recorded
by clocks upon the surface of the earth or upon satellites. The standards for synchronising clocks upon the earth
are set down by the Consultative Committee for the Definition of the Second (CCDS) (1980) [20] and the
International Telecommunications Union (1990) [21]. These standards accept the centre of the earth as an
acceptable inertial frame for all measurements with reference to timekeeping. The well known Hafele &
Keating (1972) [22] experiment also claimed that nearby space, moving with the earth, was acceptable as a
suitable inertial frame. This is equivalent to the geocentre as far as movement is concerned.

Let us see how the ‘perfectly acceptable’ frame of the centre of the earth compares with that used in the
various experiments described earlier.

The sending of a clock around the globe on an aeroplane (as done by Hafele & Keating) takes about 40
hours flying time. During that time, the earth turns by 1.6 degrees of its orbital 360 degrees path around the
Sun.

The centre of the earth turns 2.9 x 10 orbital degrees around the Sun during a test involving the
sending of an electromagnetic signal around the earth at the equator (in Global Positioning System tests).

During the Michelson & Gale test, the earth turned through an orbital angle of 2.3 x 10 degrees. So,
this rotation is less by 10,000,000,000 than the frame acceptable in the H & K case!
While the light signal went around the Bilger et al. apparatus described earlier, the earth turned on its

axis by 1.66 x 10" degrees. Bilger ef al. used a square of side 0.866m upon a disc of 8,750,000m diameter (the
cross section of the earth at that Latitude).

In the small laboratory-type tests the daily spin of the earth would cause a turn by 365 times the above
figures.

The non-rotating centre of the earth is acceptable by adherents of the theory of SR as a suitable place to
set up a satisfactory Inertial Frame of reference. But the surface of the earth (the laboratory in this case) is not
considered as an Inertial Frame for the Bilger et al. test, even though there is no relative motion between
observer and apparatus, and the centre of the earth rotates, in the H & K case, by an angle greater by
10,000,000,000,000 than occurs during the Bilger et al. test. Also, in the Bilger test there is a rotation which is

less by 5 x 10° than in the Global Positioning System case.

In the original Sagnac test the earth would have turned 2.8 x 10" orbital degrees during the test. During
a GPS test around the globe at the equator, the earth would have turned by 10,000,000 times the amount it

turned during a Sagnac test{Pretending that SR'does ot apply to rotation. while at the Same fime applying it
(Sagnac experiment, is indefensible) We could be forgiven for saying that this is a very biased selection of what

is termed an 'Inertial Frame'.

The results are the same for spinning discs of any radius; with a disc of radius approaching infinity, the
result approximates to a straight line. The effect thus applies to all objects moving at constant speed. Post
(1967) saw that there was a problem with the straight line versus the rotating disc. He said:

To be consistent with the principle of relativity one has to demand that the Sagnac interferometer and
the ring laser cannot lead to a fringe shift or a beat frequency if the equipment is in uniform translational
motion. The special theory of relativity does not apply to Sagnac because Lorentz transformations are
restricted to pure translation. While this saved the situation from formal contradictions, it did leave a
disturbing conceptual discontinuity.
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In other words, why was it that SR theory was useless for any motion other than uniform straight line
relative motion, while the old Newtonian theory could explain rotational motion, but was insufficient for the
simplest motion of all - uniform straight line motion!

Indeed, the Sagnac disc need not approach infinite radius to give us the straight-line effect. If the disc is
so large that we cannot distinguish, with the most accurate instrumentation, any deviation from a straight line,
then the result is applicable to straight-line motion. As the earth is moving in space with all sorts of movements,
from the movement of our Universe to the orbital movement around the Sun, we cannot ever have an ideal
Inertial Frame on the earth. The deviation from a straight line on a distance such as used in the M & G (600m)
or Saburi (0.9m) tests will not be distinguishable.

What have we measured by the fringe shifts recorded in the Sagnac tests? We have indirectly measured
the time taken by the two opposing beams of light to traverse the spinning disc in opposing directions. We have
thus proved that the light travels at different speeds in relation to an observer upon the spinning disc.

A recent ingenious test by Wang et al. (2003) [23] shows that the Sagnac result is also got by sending
out light in a straight line portion of the light path and back again. This is what this author claimed above, but it
is so much more convincing when an actual experiment has shown the same thing. Wang achieved the
seemingly impossible, by reversing a light beam sent out on a straight line on a moving platform and measuring
the difference in time to return.

Any claims that the Sagnac experiment upsets SR were heretofore brushed aside by a statement that
Sagnac is a rotational experiment and SR does not apply to rotational experiments. That defence is now shown
to be groundless.

Special Relativity versus Sagnac Effect

Claiming that SR explains the Sagnac effect is like saying that it explains the bouncing of a rubber ball against
the wall of a house, or the fall of a snowflake. The analysis of such experiments do not contradict SR, but the
latter has no part in any explanation of the phenomenon.

Some publications, that try to use SR to explain the Sagnac effect, apply the ‘gamma’ factor to the

denominator of the Sagnac equation (4Aco/cz) and later also in the numerator, thus cancelling out. They then
declare victoriously that the answer conforms with the Sagnac results.

Many authors state that SR is not relevant to rotating frames of reference, and therefore is not relevant to
the Sagnac effect, as if that explains the whole matter! Well, if that is so, what on earth (pun) is the
explanation?

It was shown in Kelly (2001) [24] that the Sagnac effect, and the effect calculated by the SR are of very
different orders of magnitude, and that SR has no role in trying to explain the Sagnac effect. Post (1967) shows
that the two are of very different orders of magnitude. He says that the dilation factor to be applied under SR is
“indistinguishable with presently available equipment” and “is still one order smaller than the Doppler
correction, which occurs when observing fringe shifts” in the Sagnac tests. He also points out that the Doppler
effect “is v/c times smaller than the effect one wants to observe." Here Post states that the effect forecast by SR,
for the time dilation aboard a moving object, is far smaller than the effect to be observed in a Sagnac test.

General Derivation of Sagnac Equation

As far as could be ascertained this is the first general derivation of the Sagnac effect which does not assume an
ether. It is derived on the assumption that the light travels with respect to the laboratory, as proven above.
Sagnac developed the mathematics of his equation based on the assumption that an ‘ether’ existed.
Fortunately, the result is the same as if the light were measured as travelling at a constant speed with respect to
the stationary laboratory, as has been shown to be the case in this paper. Because the effect of an ‘ether’ would



be to slow down the light in its travel when going with the rotation of the equipment, and to speed it up when
going the other way, this gives the same mathematics as those we need. In our case, the rotating equipment tries
to leave the light behind, when rotating in one direction, and tries to catch up with it when going in the reverse
direction. This has the same effect, as if there were in fact an ether. It is probably because of his insistence on
the ether that Sagnac’s results have not been recognised for their full pioneering worth. Researchers are too
busy to bother reading old papers on ether theory!

Let us here set down the general mathematics of the Sagnac effect, upon a quadrilateral shape as used by
Sagnac in his tests, and upon the assumption that the light is travelling in relation to the fixed laboratory. This is
the general case to be compared with the simpler derivation on a circular path done earlier (see Figure 2). This
derivation shows is that the Sagnac equation applies for any shape of circuit.

Figure 5 is a sketch of the original Sagnac layout. There are four mirrors M1, M2, M3, and M4. The
light beams go in opposing directions having been sent out from ‘I.” One beam goes clockwise (C) and the other
counter-clockwise (CC). The rotation of the disc is clockwise at an angular velocity . The axis of spin is at 'A.
The final interference occurs at ‘I’ and a photographic record is made by a camera that is fixed to the disc and

rotates with it. The disc was 50 cm diameter, and the enclosed area of the light path was 666 cm’.
Let A/ be the length of an element mm’ of the perimeter of the rotating circuit (Figure 5). Let v be the
linear speed of the rotating turntable at the point m (in the tangential direction as shown). Let u, or vCos3, be

the component of v following the path of A/, and let B be the angle between the path of the light and the linear
speed of the point m. Let r be the radius to the point m from the axis of rotation ‘A’.

Figure 5
General Derivation of Sagnac Equation

If the turntable is not turning, the light beam will propagate from m to m’ in the time A//c. Let us assume that
the turntable is rotating, and that the light travels at the fixed speed of c in relation to the stationary laboratory;
that is what is postulated in this paper. From this, let us see can we derive the correct Sagnac equation for the
general case of a polygon.

With respect to the element mm’ of the circuit, which travels in the same direction as the light path, the
light beam C travels at a speed of (¢ — u). The time (A¢’) for the propagation of the light beam along the element
mm’, which is fixed to the rotating table, varies from the stationary condition of the disc, under the influence of
the movement, by:



At’= Al/[c —u] — [Al/c] = Al/c[(c)/(c —u) —1]

Expanding c/(c — u), by the Binomial Theorem,

which in general is (1 + x)" =1 + (n)(x) + [n(n — 1)/2!][X2] + etc.

we get [(c —u)/c] '=

[1—we]' =1+ (= D(=ulc)+ {[(- D 2)V[2]} {( — u/c)*} + smaller terms.
=1+ulc+ (u/c)2 + smaller terms.

Substituting this back above, we get

At’ = [Al/c][u/c] + [Al/c][u/c]2 + smaller terms.

For the beam that goes in the other direction (CC) we get similarly

At” =—[Al/c][u/c] + [Al/c][u/c]2 + smaller terms.
When we calculate the difference in the times to go clockwise (A¢’) and anticlockwise (At”), the second order
terms cancel; subtracting we get 2At = 2[Al/c][u/c], without neglecting terms of the second order, but neglecting
only terms of the third and higher orders. So, the delay over the distance mm’ of the light C in relation to the
light CC, is

2At = 2uAl/c?

By putting the integral of uA/ = D, we find the total delay for the whole circuit to be Af = 2D/c’. This At is the
average of the two time differences A¢’ and At”, which in turn are the differences between the stationary time
for light to traverse the element mm’, and the times to traverse that element when the table is rotating in the two
directions. Hence we have the factor of 2 applied.

We have u = orCosf and d/ = rd@/Cosf; calling dé the angle at which an element mm’ is infinitely
small, as seen from the axis of rotation (A) in the plane of the circuit. Let da be the area of the triangle Amm’,
with the element mm’ rendered infinitely small. The element of delay of the light beam has a value ud/

= or’d@=20de; this follows from e.g. a quadrant of a circle gives an angle of /2 and an Area of r°/4; this

Area = 1°0/2 The total delay over the complete circuit is D = 2wA = 4nnA, where n is the number of rotations
per second, and A is the total area enclosed by the path of the light beams. The total difference in time for the

two beams C and CC to complete a circuit in opposing directions is 2A¢ = 2D/ = [8nnA][cz], which is the
Sagnac formula

At =4Aw/c’

We have proved that for a general configuration of the Sagnac experiment, and on the assumption that
light travels with respect to the fixed laboratory, the difference in time for two beams going in opposing
directions to traverse the light path is the Sagnac formula.

To synopsize, the facts of the Sagnac tests are as follows:

1. The light beams are in synchronism when released.

2. The light beams are not in synchronism when they have completed one turn of the apparatus.

3. Any observer on board the rotating apparatus, or stationary in the laboratory, will observe identical
fringe shifts. If the observer is in the laboratory, there would be a very small Doppler effect when observing the
moving apparatus, but, this is insignificant and will not make any observable difference to the result. There was
no Doppler effect whatever, in the original Sagnac test, because the observations were made aboard the
spinning disc, and the observation point was at a constant distance from the point of interference.

4. The light is behaving as if it were travelling at constant speed relative to the laboratory. It ignores the
spinning of the apparatus. The light does not travel at a constant speed relative to the observer aboard that
spinning apparatus. As seen from the mathematical derivation from Figure 2, the light does not go at a speed of
c with respect to the observer upon the spinning apparatus. Going in one direction, it measures as going slower
than c, and going in the other direction it measures as going at a speed higher than c.

5. Time and distance aboard a spinning disc are identical with time and distance in the stationary
laboratory. They are also identical aboard an object that is moving at uniform velocity in a straight line.



Conclusion
The Sagnac effect applies to uniform straight-line motion, just as it does to rotational motion.
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