
0.1 Michelson Morley revisited

The famous Michelson-Morley experiment carried out for about century ago
demonstrated that the velocity of light does not depend on the velocity
of the source with respect to the receiver and killed the ether hypothesis.
This could have led to the discovery of Special Relativity. Reality is not
so logical however: actually Einstein ended up with his Special Relativity
from the symmetries of Maxwell’s equations. Amusingly, for hundred years
later Sampo Pentikäinen told me about a Youtube video reporting a mod-
ern version of Michelson-Morley experiment by Martin Grusenick in which
highly non-trivial results are obtained. If I were a ”real” scientists enjoying
monthly salary I would not of course pay a slightest attention to this kind of
stuff. But I am not a ”real” scientists as many of my colleagues are happy
to testify (without ””:s of course) and have therefore nothing to loose. This
gives me the luxury of thinking and I can even try to understand what is
involved assuming that the discovery is real.

To my best knowledge there is no written document about the experi-
ment of Martin Grusenick in web but the Youtube video is excellent. The
only detail, which might give a reason to suspect that fraud might be in ques-
tion is when Grusenick states that the mirror used to magnify and reflect
the interference pattern to a plywood screen is planar: from the geometry of
the arrangement it must be concave and I have the strong impression that
this is just a linguistic lapsus (in the German version of the video he uses
”einfach” instead of ”planar” so that a linguistic lapsus or wrong pattern
recognition on my side is probably in question). The reader willing to learn
in more detail how Michelson-Morley interferometer works can look very
short video sketching how the interference pattern is created. This longer
video describes in more detail the principles involved.

0.1.1 Experimental arrangement and results

Grusenick’s interferometer uses green light (532 nm wavelength) with 5 mW
power from a laser powered by a battery. The light from the laser arrives
at a beam splitter at angle of 45 degrees with respect to the beam direc-
tion and decomposes to two beams in directions orthogonal to each other.
These beams are reflected back at mirrors having same distance from the
splitter and combine again at beam splitter and travel to what to my best
understanding should be a concave mirror magnifying and reflecting the in-
terference pattern to a plywood screen. Also the longer video demonstrates
that the mirror must be concave. As already noticed, Grusenick however
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talks about planar mirror but this cannot be the case if the mirror is or-
thogonal to the incoming beam as it seems to be. Video camera records the
time development of the interference pattern as the arrangement mounted
to a rotating tripod is rotated in plane. The plane is parallel to the Earth’s
surface in the first experiment and orthogonal to it in the second one.

When the rotation takes place in the plane parallel to the surface of
Earth the interference pattern remains stationary during rotation. This is
the result that Michelson obtained for 100 years ago. When the plane of
rotation is orthogonal to the surface of Earth situation changes dramatically,
and there is a clear shift of the interference pattern depending on the angle
of rotation. The effect cannot be explained as being due to a motion of Earth
with respect to ether since the direction of motion would be orthogonal to
the Earth’s surface at the measurement point and can be so only at certain
measurement times since Earth rotates.

When the rotation plane is orthogonal to the surface of Earth one finds
following.

1. The maximum shift of the interference pattern corresponds to 11-11.5
peaks which translates to a distance difference of 22-23 wavelengths
from the beam splitter to the two orthogonal reflecting mirrors. The
corresponding distance is x = 11.70 − 12.23 µm. I do not know the
precise distance between the beam splitter and mirror. If it equals to
l = .1 meters, the difference in distance generated during the travel
from the splitter to a mirror and back can be expressed as x/l =
x×10−5 ∼ 10−4. From the point of view of the failing ether hypothesis
this would mean v/c ∼ 10−4.

2. The shift for the interference pattern becomes stationary and changes
sign when the splitter is parallel to the Earth’s surface. The vertical
distances from the splitter to the mirrors are the same at this point.
The maximum shift occurs when the beam splitter forms angle of 45
degrees with the Earth’s surface. In this situation the vertical distance
difference is maximum since the first mirror is in vertical direction and
second mirror in horizontal direction.

3. There is also a slight dependence on time of day.

The result might have a trivial explanation. The changes of the distance
are rather small: of order 10 microns. Suppose that contraction is in ques-
tion. In TGD framework there are two distances involved: M4 distance and
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the distance defined by the induced metric. The M4 distance between mir-
ror and splitter in vertical position might shorten by a contraction due to
the weight of the system. Alternatively the contraction (if contraction is in
question) could correspond to a shortening of the length in the induced met-
ric leaving Minkowski distance invariant. One must estimate the shortening
due to the weight of the system to clarify this issue.

0.1.2 Estimate for the change of distance implied by elasticity

The elasticity of the steel plate at which the system is mounted induces
by its own weight a change of the vertical distance between beam splitter
and mirror above it. Since only order of magnitude estimate is in question,
the effects of the instruments mounted on the steel plate are not taken
into account in the model so that system (steel plate) is effectively one-
dimensional.

1. Using standard elasticity theory in one-dimensional situation (see this),
one can express the counterpart for Newton’s equations for an effec-
tively one-dimensional elastic medium in a static equilibrium under its
own gravitational force as

E∂2zu+ ρg = 0 (1)

Here u denotes displacement, and E is Young’s modulus. ρ is the
mass density of the medium and g is the acceleration of gravity at
the surface of Earth. The equation states that gravitational force is
compensated by the atomic forces modeled using a linear force density
f = E∂2zu.

2. From this equation one can solve the displacement u(z) as

u(z) = −ρgz
2

2E
+ bz + c . (2)

At the bottom of the plate one has u(0) = 0. If one has also (du/dz)(0) =
b = 0 implied by the condition that momentum current in the vertical
direction vanishes at the upper end, one obtains

u(z) = −ρgz
2

2E
. (3)
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This gives for the change of the distance between beam splitter and
mirror in vertical position the estimate

∆h = −ρg(h22 − h21)
2E

. (4)

3. A rough estimate for the relevant parameters of the system are follow-
ing. The height of the steel plate is h ' .5 m. The height of the beam
splitter is h ' .25 m and the height of the mirror at maximum height
is h ' .35. The density of steel is ρ ' 8×103 kg/m3. Young’s modulus
for steel is E = 2×1011N/m2. This gives the estimate ∆h = 1.2×10−8

m, which is by three orders of magnitude smaller than the estimated
distance difference.

0.1.3 Schwartschild’s metric does not explain the result

In the framework of general relativity the only manner to understand these
effects is in terms of distance difference along vertical and horizontal di-
rections. This difference would be due to the deviation of the space-time
metric from Minkowski metric in such a manner that the distance in radial
direction is changed due to the presence of gravitational field of Earth.

1. One can start from the Schwartschild metric as an idealized model for
the situation outside the surface of Earth (I use units with c = 1).

ds2 = Kdt2 − 1

K
dr2 − r2(dθ2 + sin2(θ)dφ2) ,

K = 1− rs
r
, rs = 2GM . (5)

HereM denotes the mass of Earth and r the distance from the center of
mass of Earth. rs is Schwartschild radius. At the Earth’s surface (r =
R) one has rsc

2/R2 ' g = 10 m/s2, the gravitational acceleration at
the surface of Earth. For M = 0 one obtains Minkowski metric and
no effect.

2. The maximum distance difference x would correspond to

x

l
= 2

∫ R+l
R (

√
1
K − 1)dr

l
,

K = 1− rs
r
, rs = 2GM . (6)
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Here rs denotes the Schwartschild radius and R ' 6371km the Earth’s
radius. l is the Minkowskian distance between beam splitter and mir-
ror. Since the value of K is extremely small, the integral can be
evaluated easily and gives (not surprisingly)

x

l
' rs

R
=

2gR

c2
' 1.4× 10−9 . (7)

The predicted value is by a factor of order 10−5 too small if one assumes
l = .1 m.

0.1.4 The modification of Schwartschild metric explaining the
result

If the finding of Grusenick is real it means that the value of grr at the Earth’s
surface is much larger than for Schwartschild metric. One cannot exclude
a large deviation of grr from the prediction of Schwartschild metric also in
the case of stars by what is known about planetary orbits. The point is
that for exactly circular orbits grr does not appear at all in the equations
determining the orbits since dr = 0 holds true for these orbits. For elliptic
orbits the effects are in principle visible and Mercury’s perihelion shift poses
bounds on the deviation.

1. To see what the needed deviation means quantitatively it is convenient
to parameterize the deviation as

grr → (1 + ∆(r))grr = −(1 + ∆(r))
1

K
. (8)

Restricting the consideration to the free fall near the Earth’s surface
one can perform the approximation ∆(r) ' ∆(R). The value of ∆ is
fixed by the results of the experiment of Grusenick to be of order

∆(R) ' 5× 10−4 (9)

if the distance between the mirror and beam splitter is taken to be .1
m (the estimate for the distance is by bare eyes from the video).
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2. Einstein’s equations for a free fall in radial direction give

d2t

ds2
+ 2{ t

r r
} dt
ds

dr

ds
= 0 ,

gtt(
dt

ds
)2 + grr(

dr

s
)2 = 1 . (10)

3. The first equation can be integrated to give

dt

ds
=

C

gtt
=

C

1−K
. (11)

The result is same as for Scwartshcild metric. The constant C is
determined by the initial height in free fall.

4. The second equation expresses the conservation of energy. One can
solve dr/ds from it in terms of E and grr. For Schwartschild metric
one obtains

(
dr

ds
)2 − K

r
= C2 − 1 ≡ 2E . (12)

The interpretation in terms of energy conservation is obvious. For the
modified metric one obtains

(
dr

ds
)2 − (1 + ∆)

K

r
= (1 + ∆)2E . (13)

The results is same as obtained for Schwartschild metric if the value of
the Newton’s constant G and and energy E are replaced with effective
values given by

Geff = (1 + ∆)G , Eeff = (1 + ∆)E . (14)

5. The dependence on time of day might reflect a similar contribution
of the gravitational field of Sun to the gravitational field if the radial
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component of Sun’s gravitational field has similar behavior. From
the 1/r dependence of ∆ the order of magnitude for the additional
contribution assuming ∆S(RS) = ∆(R) (RS denotes solar radius and
rE the distance of Earth from Sun in the following formula) would be
given by

∆S(rE)

∆(R)
∼ RS

rE
∼ 4.6× 10−2 . (15)

Therefore the effect of Sun could be visible in the interference pat-
tern and would be maximal when the Sun the measurement point and
Sun are at same line and minimal when the the normal of Earth is
orthogonal to the line connecting Earth with Sun.

For a free fall in a direction orthogonal to the surface of Earth the effect is
maximum since grr is visible in the geodesic equations of motion and means
that the effective value of GM estimated in this manner would differ from
its actual value. There are several manners, such as Cavendish experiment
to measure G and from the measured value of g to deduce also the value of
M . The values of G however vary in surprisingly wide range with variations
up to one per cent. If similar behave holds true also for the gravitational
fields of masses used in the experiments determining the value of G, it might
be possible to understand these deviations.

0.1.5 What can one conclude about ∆(r) if the mass density re-
mains zero outside the Earth’s surface?

An interesting question is what one can conclude about ∆(r) by assuming
that Gtt component for Einstein’s tensor remains zero.

1. For a spherically symmetric metric parameterized as

ds2 = Bdt2 −Adr2 − r2dΩ2 (16)

the expressions for the components of Einstein tensor for spherically
symmetric stationary metric are given by

Grr =
1

A2
(−∂rB

Br
+

(A− 1)

r2
) ,
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Gθθ =
1

r2
[− ∂

2
rB

2BA
+

1

2Ar
(
∂rA

A
− ∂rB

B
)

+
∂rB

4AB
(
∂rA

A
+
∂rB

B
] ,

Gtt =
1

AB
(−∂rA

Ar
+

(1−A)

r2
) . (17)

2. In the recent case one obtains

Gtt = − 1

(1 + ∆)r2
× (

r∂r∆

1 + ∆
+

∆

1− rs
r

) ,

Grr =
∆

(1 + ∆)2r2
(1− rs

r
) ,

Gθθ =
∂r∆

2(1 + ∆)r3
× (1− rs

2r
) ,

rs = 2GM . (18)

rs = 2GM denotes Schwartschild radius.

3. If one requires that the mass density outside the Earth’s radius van-
ishes one obtains Gtt = 0 giving the differential equation

∂r∆

∆(1 + ∆)
= − 1

r(1− rs
r )

. (19)

The solution is

∆(r) =
X

1−X
, X =

R

r
×

1− rs
R

1− rs
r

× ∆(R)

1 + ∆(R)
. (20)

The deviation approaches zero like 1/r. The effects on planetary orbits
would be negligible in the case that this expression holds true in case of
Sun with same order of magnitude for ∆. Only when the orbits is very
near to the surface of the star the situation changes. This situation
might prevail for some exoplanets.

4. If the deviation is due the interaction of the massive body with the
external world, it is dictated in the first approximation by the average
density of matter in cosmos and by the geometry of the body meaning
that the function ∆(r) for r � R is universal and therefore same for
all systems.
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0.1.6 Is the proposal consistent with causality?

The general expressions for the Einstein tensor listed above allow to deduce
how the ”pressure” components Grr and Gθθ of the Einstein tensor are
affected. The vanishing of energy density Gtt together with a non-vanishing
of ”pressure” components of Gαβ looks seems to break causality. It is also
at odds with the general wisdom about the structure of a typical energy
momentum tensor of matter. The attempt to understand what is involved
leads to series of arguments and counter arguments leading to what seems
to provide much deeper understanding of Einstein’s equations in zero energy
ontology and also of the notion of virtual particle as well as the realization
of twistor program in TGD framework.

1. In TGD framework one has sub-manifold gravity for which Einstein
equations hold true at long length scale limit with the constraint
space-time surfaces are extremals of Kähler action (see this). In fact,
Schwartschild coordinates (t, r, θM , φM ) for the imbedding of Schwartschild
solution inM4×CP2 are related to Minkowski coordinates (m0, rM , θ, φ)
by the conditions (m0 = Λt + h(rM ), rM = r, θM = θ, φM = φ).
Therefore the time component of the energy momentum tensor is non-
vanishing in Minkowski coordinates. Therefore one might hope that
the vanishing of Gtt could be a mere coordinate artefact.

2. A possible general coordinate invariant characterization of the causal-
ity would be as the condition G ≥ 0. In the recent case this condition
reads as

G = ∆

[
1− 1

(1 + ∆)2
− x

2(1− x)

]
≥ 0 , x =

rs
r
. (21)

For small values of ∆ the sign of this quantity is determined by the
sign of ∆ since the first two terms in the brackets cancel each other
in good approximation and is positive if ∆ is negative. Hence ∆ < 0
guarantees causality in this sense.

3. In TGD framework one can consider also a stronger form of causality.
The vector field Grk = Grr∂rm

k, where mk denotes linear coordinates
for M4, is proportional to four-momentum current. It is space-like
since |∂rh(r)| < 1 holds true (to guarantee that t = constant surface
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is space-like). Hence Grk describes a tachyonic energy momentum cur-
rent. This need not be a catastrophe. Quantum classical correspon-
dence suggest the identification of Gαk = Gαβ∂βm

k as the momentum
current associated with virtual particles describing interactions of the
system with the external world. Note that also gravitons must con-
tribute to the energy momentum tensor T if this is this is the correct
interpretation.

4. It is however very difficult to understand how the energy momentum
tensor of matter could behave like Gαk does. The resolution of the
problem is very simple in zero energy ontology. In zero energy on-
tology bosons (and their super counterparts) correspond to wormhole
contacts carrying fermion and antifermion numbers at the light-like
wormhole throats and having opposite signs of energy. This allows the
possibility that the fermions at the throats are on mass shell and the
sum of their momenta gives rise to off mass shell momentum which
can be also space-like. In zero energy ontology Gαβ would naturally
correspond to the sum of on mass shell energy energy momentum ten-
sors Tαβ± associated with positive and negative energy fermions and
their super-counterparts. Note that for the energy momentum tensor
Tαβ = (ρ + p)uαuβ − pgαβ of fluid with uαuα = 1 constraint stating
on mass shell condition the allowance of virtual particles would mean
giving up the condition uαuα = 1 for the velocity field.

5. This identification suggests also a nice formulation of the twistor pro-
gram (see this and this). The basic idea is that massive on mass shell
states can be regarded as massless states in 8-dimensional sense so that
twistor program generalizes to the case of massive on mass shell states
associated with the representations of super-conformal algebras. One
has however also now off mass shell states and the question is how to
describe them in terms of generalized twistors. In the case of bosons
the answer is obvious. Since bosons and their super partners corre-
spond to pairs of positive and negative energy on mass shell states,
both on mass shell and of mass shell states can be described using a
pair of twistors associated with composite momenta massless in 8-D
sense.

6. How can one then interpret virtual fermions and their super-counterparts?
Fermions and their super-partners have been assumed to consist of
single wormhole throat associated with a deformation of CP2 vacuum
extremal so that the proposed definition would allow only on mass
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shell states. A possible resolution of the problem is the identification
of also virtual fermions and their super-counterparts as wormhole con-
tacts in the sense that the second wormhole throats is fermionic Fock
vacuum carrying purely bosonic quantum numbers and corresponds to
a state generated by purely bosonic generators of the super-symplectic
algebra whose elements are in 1-1 correspondence with Hamiltonians
of δM4

± × CP2. Thus the distinction between on mass shell and of
mass shell states would be purely topological for fermions and their
super partners.

The concrete physical interpretation would be that particle scattering
event involves at least two parallel space-time sheets. Incoming (out-
going) fermion is topologically condensed at positive energy (negative
energy) sheet and in the interaction region touches with a high prob-
ably the other sheet since the distance between sheets is about 104

Planck lengths. The touching (topological sum) generates a second
wormhole throat with a spherical topology and carrying no fermion
number. Virtual fermions would be fermions in interaction region (see
this).

The conclusion would be following. A large deviation of the radial com-
ponent of the metric from empty space metric near Earth’s surface could
explain the finding claimed by Grusenick without contradictions with what
is known about the metric for planetary orbits assuming that similar devia-
tion occurs quite generally. Michelson-Morley interferometer would provide
a very precise method to measure grr at various heights (say in satellites) so
that a very precise testing of the proposed model becomes possible. Also the
value of grr of solar gravitational field at Earth’s surface might be deduced
from the diurnal variation of the interference pattern.
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