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Abstract
The theoretical foundation of LIGO’s design is based on the equation of motion derived by Thome. His formula, motivated by
Einstein’s theory of measurement, shows that the gravitational wave-induced displacement of a mass with respect to an object is pro-
portional to the distance from the object. On the other hand, based on the observed bending of light and Einstein’s equivalence prin-
ciple, it is concluded that such induced displacement has nothing to do with the distance from another object. It is shown that the
derivation of Thorme's formula has invalid assumptions that make it inapplicable to LIGO. This is a good counter example for those

who claimed that Einstein’s equivalence principle is not important or even irrelevant.
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1. Introduction

Since the behavior of binary pulsars has been interpreted successfully as due to gravitational radiation [1, 2], the existence of
gravitational waves is generally accepted. Moreover, theoretically the Maxwell Newton Approximation, !’ which generates gravita-
tional waves, has been established independent of the Einstein equation [3]. However, a direct observation of the gravitational waves
has not been successful because a gravitational wave is very weak in nature [4].

To obtain the required sensitivity of detection for gravitational waves, two gigantic laser interferometer gravitational wave obser-
vatories (LIGO) have been built.? Currently they represent the hope of detecting the gravitational waves directly. The confidence on
these new apparatus is based on the perceived high sensitivity [5] that is designed according to Thorne’s equation, which is motivated
by Einstein’s theory of measurement [6, 7].

Thorne’s [8] equation of motion is as follows [9]:

25/ o*ntl
md d: =—1—m ;k x* )
dt 2 &

where 8x" is the displacement of the test particle with mass m from a fixed object, x* is the Euclidean-like distance (or the particle’s

Cartesian coordinate position) of the test particle from the fixed object (at the original the space coordinates), and h;r is the first or-
der of the dimensionless ‘gravitational wave field’ that induces the displacement. Then the integration of equation (1) gives,
&' = 1 HT x* @
=i

The superscript TT on the gravitational field is to remind us that the field is ‘transverse and traceless’.

On the other hand, according to Einstein’s equivalence principle [10], the Euclidean-like structure [11, 12] that determines the
distance between two points is independent of gravity, and this is supported the observed bending of light. Thus, the displacement
from a fixed object induced by gravitational wave, according the geodesic equation, has nothing to do with the distance between

them (see Section 2). In this paper, it will be shown the errors related to the derivation of egs. (1) and (2).

2. Problems in the Theory of Thorne
Now let us first derive, according the theory of Thorne [8], the induced phase delay in the interferometer. Since the sources of the
gravitational waves are very far away, the waves look very nearly planar as they pass through the observer’s proper reference frame. 2

If we orient the x, y, z spatial axes, so the propagation in the z direction, then the transversality of the waves and traceless mean that

the non-zero components of the wave field are: ALl =-AT"

™, and h]] =h[], called respectively the “+* and ‘x’ polarization. For a

‘+> polarization, if the arm length of the interferometer is L, we have
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1
Ix(t)= -2—1,h+ Q) for a mass on x axis, 3)
1 .
Sy(f)= ~5Lh+ 3] for a mass on y axis.
For a light wavelength A, if B is the number of bounce back and forth in the arms, the total phase delay is
& L
Adr=8nB—=47B—h
¢or=8n 7 i 4)

Thus, the sensitivity of the interferometer would be increased with longer arms. If Einstein’s theory of measurement was valid, then
eq. (3) would be an expected result. This explains that eq. (1) was accepted. To show the errors, some detailed analysis is needed.

In a local Lorentz frame for free fall, Manasse and Misner [13] claimed that the metric have approximately, the expression,
4 . o 13
= ds” = (=1~ Ry x'x™)dt” = (5 Royx' x")dtds’ +(5 —%Rigmx’x”)abc'abcf ro(x'Daa’?  (5)
accurate to the second order in small | x'| . The observer in the free fall is located at the origin of the local frame. Eq. (5) is the equa-

tion (13.73) in Misner et al. [9]. In the next step, they claimed to have the equation,

D*n’
dr?

4 . S
==R’oka n" = ~Rgon" , where o = xg' - x4 = xg’ ®)

since x4’ = 0. Note that in eq. (5), | x| is restricted to be small. However, a problem in this derivation is that Rinomay not be the

same at points A and B. Nevertheless, one might argue that T"* ;5 = 0 at A, and (6) is reduced to

d*x) 10°h
— = R =5 —3% 7

If it is applied to the case of LIGO, one must show at least that a miles long xy’ could be regarded as very small as (5) requires. From
the geodesic equation, clearly it is impossible to justify (7) for any frame of reference.

More important, since LIGQ is built on the earth, its frame of reference is not at free fall when gravitational waves are considered.
The radius of earth is 6.3 x 10° km, but the expected gravitational wave length is only about 15 km [9]. Thus, the earth can no longer
be considered as a test particle when only the gravity of the Sun is considered. In other words, (5) and (7) are inapplicable to LIGO.

Note that since Misner et al. [9] have mistaken Pauli’s version® as Einstein’s equivalence principle [10], it is natural that they
made related mistakes. For instance, Thorne {15] incorrectly criticized Einstein’s equivalence principle as follows:

“In deducing his principle of equivalence, Einstein ignored tidal gravitation forces; he pretended they do not exist.
Einstein justified ignoring tidal forces by imagining that you (and your reference frame) are very small.”
However, Einstein has already explained these problems. For instance, the problem of tidal forces was answered in Einstein’s letter

of 12 July 1953 to Rehtz [16] as follows:
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“The equivalence principle does not assert that every gravitational field (e.g., the one associated with the Earth) can
be produced by acceleration of the coordinate system. It only asserts that the qualities of physical space, as they pre-
sent themselves from an accelerated coordinate system, represent a special case of the gravitational field.”
Clearly, his principle is proposed for a physical space where physical requirements are sufficiently satisfied.

In fact, Misner et al. [9] do not understand Einstein’s equivalence principle and related theorems in Riemannian space [14, 17]. A
simple and clear evidence is shown in their eq. (40.14) [9; p. 1107}, and they got a physically incorrect conclusion on the local time
of the earth in the solar system. Moreover, Ohanian & Ruffini [5; p. 198] also ignored the Einstein-Minkowski condition and had the
same problems as shown in their eq. (50). However, Liu [18], Straumann [19], Wald [20], and Weinberg [4] did not make the same

mistake. Note that Ohanian, Ruffini, and Wheeler have proclaimed that they are non-believers of Einstein’s principles [5].

3. Remarks

In the theory of Thome, there are major errors because his understanding of Einstein’s equivalence principle is inadequate. His
equation was motivated by Einstein’s theory of measurement, and the superficial consistency with such a theory makes many theo-
rists had confidence on his equation. Now, it is clear that such a support from an invalid theory is proven to be useless. Because Mis-
ner et al. [9] do not understand Einstein’s equivalence principle, they cannot see that Einstein’s theory of measurement is not self-
consistent [21, 22].

In addition, since LIGO is built on earth, the frame is not at free fall and the gravity of earth cannot be neglected. The radius of
earth is 6.3 x 10° km, but the expected gravitational wave length is only about 15 km [9]. Thus, the earth cannot be regarded as a test
particle for gravitational waves. Moreover, Thorne was not aware that the Einstein equation of 1915 has no wave solution [1, 2]. Al-
though Misner, Thorne, & Wheeler [9] claimed plane wave solutions exist, their derivation has been found to be invalid [2, 23]. The
second problem has been resolved by a modified Einstein equation, and it has the Maxwell-Newton Approximation as the first order
equation [1].

In short, the current theory on the detection of gravitational waves for LIGO is incorrect. The root of these problems is due to that
they do not understand Einstein’s equivalence principle.§ Consequently, they also failed to see the Euclidean-like structure is neces-
sary® in a physical space [12]. This is a very good counter example for those who believed the Einstein’s equivalence principle is

not important or even irrelevant {2]. The sensitivity of LIGO will be addressed in a separate paper [24]
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Endnote
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The Maxwell-Newton Approximation, whose sources are massive matter, could be identified as a special case of the so-called
linearized approximation that has been found to be incompatible with Einstein equation for a dynamic situation [1].
M. Bartusiak [25] has written an interesting book on the great efforts to build LIGO.
Einstein equation has no physically valid wave solution because there is no term in Einstein’s equation of 1915 to accommodate
the energy-stress tensor of a gravitational wave that must move with the wave [23]. For this reason, Einstein equation must be
modified. It has been proven an additional term for the energy-stress of waves in Einstein equation would explain the observed
behavior of binary pulsars [1]. Thus, a wave solution must come from the modified equation of 1995.
Pauli’s [26] version of the principle of equivalence was commonly but mistakenly regarded as Einstein’s principle, although
Einstein strongly objected to this version as a misinterpretation [15]. In fact, Misner, Thorne, & Wheeler [9; p. 386] falsely
claimed that Einstein’s equivalence principle is as follows:
“In any and every local Lorentz frame, anywhere and anytime in the universe, all the (Nongravitational) laws of phys-
ics must take on their familiar special-relativistic form. Equivalently, there is no way, by experiments confined to in-
finitestimally small regions of spacetime, to distinguish one local Lorentz frame in one region of spacetime frame any
other local Lorentz frame in the same or any other region. ”
However, this is only an alternative version of Pauli’s because the Einstein-Minkowskin condition, which requires that the local
space in a free fall must have a local Lorentz frame, is missing.
There are other surprises. In spite of Einstein’s clarification, many theorists, including the editors of Nature, Physical Review,
and Science, still do not fully understand special relativity, in particular E = mc® [27-30].
An existence of the Euclidean-like structure (that Einstein [6] called as “in the sense of Euclidean geometry”) is necessary for a
physical space [11, 12]. The Euclidean-like structure is operationally defined in terms of spatial measurements essentially the
same as Einstein defined the frame of reference for special relativity [31]. Since the attached measuring instruments and the co-
ordinates being measured are under the influence of the same gravity, a Euclidean-like structure emerges from such measure-
ments as if gravity did not exist.
For the Einstein-Minkowski condition, Einstein [6, 13] addressed only the diagonal metrics or metrics without a crossing space-

time element. This creates a false impression that the Einstein-Minkowski condition is trivial.
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