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Abstract: There is a rather small number of experiments designed to test one way light speed isotropy. The
reason for the small number is the higher degree of difficulty in imagining and conducting such
experiments. A very good analysis of such experiments is given by C.M.Will in '. The small number of
such experiments'®'? enhances the concern when one of them is proven incorrect. In the following paper
we will analyze the experiment conducted by Gagnon®. Our paper is a rather unusual and unique one: in the
first part of the paper we will show that while the experimental method is valid, the theory behind the
experiment is flawed. In the second half of the paper we will show how the corrected theoretical foundation
can be used to recover this very valuable experiment. By correcting the theoretical foundation we managed
to build a sound foundation of future one way light speed isotropy experiments based on astronomical
observations. [Nature and Science. 2007;5(2):66-71] (ISSN: 1545-0740).
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1. Introduction

The Gagnon paper makes clever use of the Earth’s revolution around the Sun and of the Earth’s diurnal
rotation. Let vy represent the Earth revolution speed. Let 2y(&,y,C) represent a reference frame centered in
CMBR. Let X(x,y,z) represent the frame centered in the center of the Earth and let £'(x’,y’,z”) represent the
slowly rotating reference frame of the lab (fig 1). Two waveguides, A and B of different cutoff frequencies
are aligned with the z-axis. A certain difference of phase A¢ is predicted by the test theory used by Gagnon ,
namely the “Generalized Galilean Theory” GGT **"® between the two waveguides. The transformations
between ¥ and %, for the infinitesimal portion of the trajectory where the coordinate axes are parallel such
that the motion between X and X appears to be a translation along z are shown below:

E=x
v=y
¢ =y(z—vt) (1)
r=y""t
1
y 1-%
c

66


https://s27.plservers.com:2096/3rdparty/squirrelmail/src/compose.php?send_to=adsar1%40yahoo.com

Nature and Science, 5(2), 2007, Sfarti, Wave Guide Astronomical Experiments for One Way Light Speed
Isotropy Measurements

\ Earth Revolution
™~ _Trajectory

: = ~Waveguide A
W Waveguide B

Jw

Y
T

g
Figure 1. The Gagnon experiment setup

2. Analysis of the Gagnon paper — the error discovery process

In the following we will assume that the longitudinal axis of the waveguide is the z-axis, with x-axis
perpendicular on it such that x and z determine a plane parallel with the Earth’s equatorial plane and with y
pointing to one of the poles.
According to the authors, one of them (T.Chang)’ has derived the wave equation “in a reference frame

moving with absolute velocity v”, i.e. in the lab frame X:

1 °E
¢’ o

where <,> means the dot product and E=E(x,y,z,t)=uE+u,Ey+u,E,
The authors proceed by looking only at the component along the z-axis. From wave theory we know that
the solution is of the form:

VE+£<v Va >—(1 ——) .1

E,=X(x)Y(y)e** " (2.2)
with the boundary condition E,(x=0)=E,(x=a)=E,(y=0)=E,(y=b)=0 (2.3)

Let X(x) and Y(y) be two functions continuous with continuous second order derivatives.
The problem is now reduced to finding the solution for the differential equation
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2 2
dX+XdY

2 dyZ

dX

2w’ 2w dy
0=Y + XVl +2Y 2 k1= 2 i 220 v XY 04
[ - ( cz)cz] cz(“‘ Y dy) (2.4)

dx

with the boundary conditions:

X(0)=X(a)=0
Y(0)=Y(b)=0

22 2 2
where: V7 =v " +v "4V,

Gagnon simply cancelled the real part of (2.4) obtaining an incorrect solution. The correct solution is
derived below:

2 2
V. Ve, @
LetC:—k2+2;—2k+(l—c—2)c—2 (2.5)

Assuming XY # 0 we can divide expression (2.4) by XY:

€= -y G- 26)
y

Since X(x) is a function only of x and Y(y) is a function only of y and since the left hand of (2.6) is a
constant it results immediately that :

v .2 2 v —a
X dx ¢ X dx
) . (2.7)

1d’Y 2iov, 1 dY 5
Y dy? & Xdy
i.e. two differential equations of degree two with imaginary coefficients.
d’X 2iov, dX

——————+aX =0 2.8)

dx ¢ dx
must have a solution of the type X(x)=e™ (2.9)
producing the characteristic equation:
\
1 +2=—r+a=0 (2.10)
c c
V. W V. @
ny=——% (=) +a 2.11)
Cc C Cc C
. . e ied ix ac+(v—"‘£)2 —ix ac+(ﬁﬁ)2

X(x)=C,e""+C,e™=e << (Ce << +Che e (2.12)
0=X(0)=C+C, implies C,=-C, (2.13)

i ? i Jar (222 iy a2y
Xx)=e ““C(e € —e cc) (2.14)
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Vo . Ve @2 . Ve @2
ia—>*— ia,loa+(——) —ia,la+(—=—)
0=X(a)=e ““C\(e cc —e e (2.15)

0=2isin(a, | + (2= £)?) (2.16)
Cc C
a‘/05+(v—"2)2 =mr (2.17)
Cc C

v V. @
a=(Eyp -2
a C

)? (2.18)

Analogously:

R e N e
Y(y)=e <<Ci(e € —e <) (2.19)

nr V, @
f=) (=) (2.20)
b c c
V.o VaNOR
—k*+2 ;2 k+(1- c—z)c—2 =C=-(0+p) (2.21)
2 2
k2—2véf)k—(l—Z—2)i)—2+(a+ﬁ)=0 2.22)
2 2
1%
=222 (1) 2 (P (P o (2 (2 2y 2 2.23)
c cc a b c cc
2 2 2
=222 k- (1= 2 Zm ) where (2.24)
C C C C
o > mr nrx
% = (7)2 + (7)2 (2.25)

Solving (2.24) for k we obtain:
v. o 1
kwyv,)=—-—t—\|o’-w,’ (2.26)
Cc C C
k is a real number if and only if @ 2 @,,,, ®,,, is the “cutoff pulsation” below which k becomes imaginary

and the wave attenuates instead of propagating properly to the end of the waveguide. Waveguide theory”
uses the pulsation @0=2nf rather than the frequency f.

3. Physical interpretation of the results

o VYV, o
_x+__

E, =X(X)Y(y)Re {e®} = Bsin(LZ x) sin(% ) cos(kz + 2= y—af) (1)
a

c c c c
Remembering that there is a second waveguide in the experiment, driven at the same pulsation © but
with a very different “cutoff” pulsation w,q, we can write immediately the electrical field:

y

E'= B'sin(p—ﬂx) sin(ﬂy) cos(k'z +v—"2x+—ygy —wt) (3.2)
a' b' c c c c

where :

69



Nature and Science, 5(2), 2007, Sfarti, Wave Guide Astronomical Experiments for One Way Light Speed
Isotropy Measurements

2

@ P 47\
— = D) (3.3)
v. o 1
k'(w,v,)==—%— |0’ -0’ (3.4)
cc c¢
We have enough degrees of freedom in selecting the geometries of the wave guides such that:
B'sm(p— X) sm(q— y) = Bsin(—ux)sin(—y) = E| (3.5)
a' b' a b
Therefore:
V. @ V, @ V. @ V, o vV, @
E, =E,cos(kz+—~—x+-=-L—y—-wt)=E,cos(a, z+—~—x+—-——y+-—=—z—at)
cc c c cc c c cc (3.6)
V. @ V, o V. @ V, @ v, @
E,=E,cos(k'z+—+—x+-—=—y—at)=E,co08(a, z+->—x+—+=—y+-—=—z—t)
cc c c cc c c cc
where:
1
amn = a)z - a)mnz
¢ 3.7)
__l o —w 2
Apy = Pq

The phase difference between E, and E,’ is:

AD=(a,,-a, )z (3.8)

We now consider the simple transformation from X to X’:

z=(z'- Rcos(Q2t))cos(Qt) — (x'— Rsin(Q¢)) sin(Q2¢) + R cos(Q2¢)

x =(z'- Rcos(Q¢))sin(Q¢) + (x'— Rsin(Qt)) cos(€2¢) + R sin(2¢)

where R is the Earth radius. The phase difference does not depend on the Earth revolution speed. Let L be
the common length of the two waveguides In the lab frame X’ the phase difference is determined by setting
z’=L and x’=0 in (3.9) resulting into z = (L + R) cos(€2¢) — R cos(2€2¢) and :

(3.9)

AD'(t) = (a,,-a, (L + R)cos(2t) — Rcos(2€1)] (3.10)

Formula (3.10) shows the predicted GGT variation of phase difference in the lab frame X', expressed
as a function of time. A quick sanity check shows that (3.10) is a-dimensional since an, a,q; have

dimensions of w/c, that is, inverse of length.

4. Extensions to standard cavities
The standard experiments employ precision machined orthogonal cavities. We can easily extend the

formalism described in the previous paragraph to orthogonal cavities by simply swapping the roles of x and
z in (3.6):
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v,o VYV, v, @
E, =E,cos(a, z+-+—x+—+—y+-—=—z—t)
cc cc’ cc
v.o YV, ® Vv, @
E =E,cos(a, x+—~—x+-——y+-=—z—t) (4.1)
pq
cc cc’ cc

A®=a,z-a,x

In the lab frame X z'=L and x=0 so z=(L+ R)cos(Qt)—Rcos(2Q¢) and
x =(L+ R)sin(€2t) — Rsin(2€¢) so:

AD'(¢) =a,,[(L+ R)cos(€2t) — Rcos(2Q1)]—a, [(L + R)sin(€2f) — Rsin(2€¢)] (4.2)

5. Conclusions

The Gagnon experiment is one in a very short series™® of measurements of one way light speed
isotropy. The experiment is extremely original and the experimental method based on waveguides is
original and valid. We have uncovered some errors in the theoretical underpinnings. With the proper
corrections, the experiment becomes a very valuable tool in proving the isotropy of light speed. During the
process we have derived the correct theory for using waveguides as a means of detecting one way light
speed anisotropy.
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