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"anotably Lhe Mlchelson—GaWe rotation ewperﬂnent
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Introduction.

(1)(2)(3)

Farlier papers have dlscussed in same oeta*l the p0551b11Lty
: that the negative result of the Mlchelson~Morley experlment might be tThe ’
result of the fact that the medium, if it exists,bié tied to the earth and
:SQ'mOVGS'With,the aﬁparafus |

It was shown in these papers that th@ otner relefanL experlmentsﬁ'
(4

would then be expWalned in

~terms of a veloc1ty gradient in the medium above the»earth‘s surface Such

”Ek a gradlent would be expected phy81cally and would form a reasonable basis

»for Mach's principle. | ‘

An attempt was made to test this in the folldWiné way using the earth's
rotation rather than its orbital motion. The tying of the medium to the
earth must involve a body force ac@ing on the medium caused by the movementv
of the earth's matter through it. Thus below the surface one would expect
an exponential decay of“relative'veIOCity;'with”éwdééaymdépth‘Xb;'uhfiiﬁ o
ultimately at some depth the tying would be complete. The couple on a gyros-
‘cope-causéd by the earth's rotation isalso a.phenémehOn,which depends on'the
‘velocity grédient in the medium and it should be progressively less at
greater depths. If the couple could be measured accurately enough a change
should be noticeable at depths accessible in e mine shaft. Aftér a preliminary
measurement at Snowdown Colliery(S) a more accurate one was made at Boksburg,
near Johannesburg, South Africa(6)(7).

The result of this work was'ﬁhat no change in gyroscope ‘couple was
détected to an error of about 1 part in lOM between the surface value and that

at a depth of 1600 metres below sea level. When various factors which would




(7

1lowed for

v}

reduce the change are the length‘Xo should be greater than
5000 kilometres or about 3000 miles. While the experiment therefore does
not rule OQt some tying at the earthiscentre it seems certain that a good
fraction of the earth's orbital and rotational velocities should be in
evidence in a laboratory at the earth's surface The various exoeﬁiménﬁs
such aQ»the NﬁchelsonrMorWey Hoits several forms, the experlments u31ng

(8)(9)

the'Wossbauer effect and others designed to show up th@ felatlve ve1001uy,
while not perhaps glVlng the full ve1001ty should show an appre01able fraction
of it, ko belng comnarable to the earth's radius.

Slnce they do not do S0, one’ is back to the original p081tlon,and must
either accept the negative results above or show some reason why they should

(3)(7)

be interpreted differently. Two of the previous papers put forward
tentatively a suggestion as to what this reason might be. If we were to
accept a Galilean transformation with light having a velocity c+v in a medium

of velocity v then in passage from a medium at rest to one in motion the-

mass density in the radiation field must suffer gn acceleration.or a deceleration.

It is known experimentally that vertical movement of a beam in a gravit-
ational field affects the frequency and wavelength of the light so that one could
postulate that inertial acceleration acted similarly to gravitational acceler-
ation. It;is on the cards therefore that while the velocity transformation
is Galilean the phase measurement by measuring the optical path in an inter-
ferometer could simulate a constant velocity. On this basis the Lorentz
transformation would be a convenient method of describing the slightly
vanomalbué situatioh,when either the medium changed its velocity or when the
propagation vector of the wave changed direction, as on reflection from a-

mirrer.




At this stage it was presumned that the velocity in a moving medium was
really c + v but that ¢ would be “inferred by an interfercmeter method. However
there are serious conceptual difficulties in this approach, particularly if
continuous wave radiation were used(as from a coherent laser sourcéfénd there
is no reason to suppose that the experimental results would depend on coherence
length. It would be much more reasonable to suppose that the velocity is ¢
when radiation passes from a source into a moving medium, i.e. theréﬁistenCé
of the mass densify in the radiatibn prevents the velocity ffém changing imme-
diately and to postulate that the velocity becomes ¢ + v after some time or length
in the medium when the transient effect has had time to‘die'away. As a very
crude analogy one might imagine a ball rolling on an almost smooth horizontal
table across a gap onﬁo a second table in motion with respect to the first.

If the ball has a fixed velocity ¢ with respéct to the table on which it rolls
it will finally acquire a velocity c + v, but in the initial stages before
equilibrium has been set up it will still retain its original velocity c.
VMathgmatioally it is likely that the expression for the Qeldcity V- atany
point can be written

Vo= cty-e 'TO)
which allows V to equal ¢ at r » o and to équal g.+.i at r >~ oG

The present paper will explore this possibility in comnection with

‘Miller's and Esclangon's experiments.

Miller's Experiment

This experiment, described in great detail in reference (10) and
critically examined: in reference (1) is just a rather long path version of the

Michelson-Morley experiment. It gave results which, while not agreeing with




the Galilean transformation, were at.the same time not zero.

We shall take the viewpoint in discussing this experiment‘that a
strong case is made eut for the existence of a fringe shift due to the overall
motion of the solar system in space. This was shown in the measurements
of April 1921, December 1921 with a different support structure for the
mirrory, September 1924 at Mount Wilson, and a very full set on Aprii,
August, September 1925 and Fepruary 1926.2lso at Mount Wilson.

The latter set, which do not disagree with the earlier ones glve the .

results below, taken from reference (10), p.230.

TaBLE T, Ifigl:l ascension of apex,

Mean

Epoch - a-Mag Iﬁ a-Az North South
Feb. & 18 QOm 18 Qm 18% 0O~ 6 0=
Apr. T 15 13 16 10 15 42 3 42
Aug. 1 15 43 16 10 15 57 3 57
Sep. 135 17 3 17 0O 17 3 5 3

TasLE 11| Declination of apex.

Epoch &-Mag 8-Az Mean

Feb. 8 +79° 35 475° 197 . +77° 27 .

Apr, 1 +78 23 +75 12 +76 48 R
CAuge I E67.300 62 64T T ,

Sep. 13 +61 40 462 28 +67 4

TaBLE 111 Velocities and displacements.

Epoch ] Velocity A=3700A
Feb. 8 9.3 km/sec. 0.104x
Apr. 1 0.1 0.123
Auvg. 1 1.2 0.152
Sep. 15 9.6 0.110

It should be borne;in.mln that this is an effect dependent on
sidereal time, giving a mean apparent velocity of 10.0 km/sec and whose

ments of the solar motion. such solar velocities are recognised from

astronomical work, the veloolt of the solar system with respect to its

espect to distant stars, the galactic globular

axis is not very dlerrent fram the one obtained by Doppler shift measure-
near nelchboure and Lhat with j

clusters and extra galactic nebulalbeing used for this purpose. The current




figures are:-

Teble IV © Solar Motion

Vel. RA of apex Declination of Apex
Near Stars 19 km/sec 18 hrs 20 mins 280 N
Distant Stars 2%0 km/sec 20 hrs 40 mins 145° N

Since the effect of the earth's drbital motion shows only siigbtly»in
Miller's work and the velocity of the orbital motion (30 km/sec) is comparable
with the solar motion with respect to the near stars (19 km/sec) we shall
assume that it is the velocity with respect to the distant stars (230 km/sec)
which is the relevant one. We thus have a factor of-§% between actual and
measured veloclties.

The later computation in Miller's paper of the effect of the earth's
orbital motion and the need to reverse the direction of the solar motion to
achieve consistency we shall neglect for the moment. The criticisms of
Miller's work have more weight here in that smaller fringe shifts are

being considered and it is easier to see how terrestrial effects could

~influence the measurements.

The Determination of e from Miller's results

Eﬁ Considering first

the path AB (Fig.1l)

/A ‘ in which v and ¢ are
) . .

- Tz . /. collinear and using

"?u”“’ ) ﬂz{! —— ‘r‘[ro
o - V=c+ vl ~e )

Z _ -y
= c(1+7/c(1-e "TO))
.ﬁ‘”\ -7

i

c(1+4(1~e "0>>

where 4 = V/c.
s
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For tl we have

[t % %
1) - 5
£y = = 7% =5 -s[1+e7%ar
o c(l+8(1-e " "70)) 5 ] -r,
_where/] = (1-e oy

At the mirror B we assume the velocity returns to ¢ again after reflection

. -r/ :
. , . ' r . . .
but now follows the expression V = ¢(1-8(1-e ©) the direction of v being

reversed with respect to c.

+

/3
Tus t, = 2/ (1re[]+6%]2)ar
(e}
(3
L .
ty+ty = —i—, (1+ 8% 0 -e "T0)%ar to ond order in Y/¢
A |
2
L/ _ery/ ‘
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If we evaluate the time for the path AC in a similar way to that normally

done in the Michelson Morley: interpretation, i.e. the velocity being

V’=\/02:;§

5+ ..~— 1+ 1)

and we obtain the overall time difference A between the two paths as:-

L/ A/
A = BZ'Q {(3 - € ro)<l - e ro) }
c x,/ro
A/ T
:_@E& 1--e o) (1-e PO))
c A e
ke

If we now say that A corresponds to a partial velocity ov as found by

Miller
2 2
po=28, (eB)” | BR 2
c 2 c
2 (3-¢ /T (3 -6 9/f0>
a (1 )

This expression 1s obviously incorrect since for /ro - 0 a2 should -~ O

2 should - 1.

and for R/ro > o«
The error is alnost certainly in the expressicon t3+tﬂ for the transverse
arm AC and an element of intuition is necessary in dealing with this.

- Let us assume that the transverse apparant velocityx/c2+v2;is taken

up with the same decay length r,. The t +tq paths will then become curved

and the angle of he "8 a distance r will be given by
ay - _.[ I/P?]
dx

Since d32 = dx2 + dy2



- r; 1
-~/ D%
ds = (1 + 62{ l1-e PO7 <) ar
Assume next that the velocity is ¢ to correct order

2

' v
. -2 420, = /r T2
Eatty = %j (1 + 1p 1.1 e ol <) dr
[e}
Considering this in a similar way to t +t, we obtain
 8° A/ Y
tgrty = 2 (14 367 - 1 P70 g &7 T0) (1~ &7 o)
_ c

So that finally

z/ro)

. 2/ R _2/ R
s = B2 (r-G= 70 Qoo Tog, 2, G To)(ee
T e 2/ oo ST

2 o . 2 ro

which has the correct limits.

We can now use Miller's result that o :-l- to obtain a value for ry

20
as follows:
Ky =Y
1 ., .- "To) 1-¢ o)
R1e0) 2,
2 7/r
o
Since ﬁ/ro is obviously small
Y |
3—@ rOr\,E
ard
Ry
1 _,_(-¢ "o)
4oo 2,
Yo
2
1- (1= e i i )
= 1 - o !
Q/r : é
o _ 5
£ 2
=1 - /ro : /ro2
2
/ro
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In Miller's case & = 4.2 metres,
r, = 840 metres approx.

Thus to obtain agreement with Miller's results on the present hypothesis

we require a decay length of about 800 metres.

Discussion on the magnitude of r,

The size of ry is. of course a measure of the interaction length between
the wave and the mediun and it is worth considering on what factors it could
depend. On a fluid analogy the following quantities could affect ryie
1) The wavelength () of the light |
2) The temporal (T) or spatial (L) coherence of the light
3) The energy or mass density (W) in the light beam
4) The energy or mass density (Wb) in the medium
5) The fluid properties of the medium, such as viscosity n, etc if it

exists, which would depend on analogy with a super fluid on its degree
of excitation,
and possibly other factors.
If ry depended on parameters which could vary with the experimental

corditions, for example a possible dependence could be:-

=

r - .ng . L
o W ’
then many apparently conflicting experiments could be reconciled. Miller

used consistently an acetylene burner as his light source which would be

expected to have a lowish intensity and very short cohererice length. It



