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Abstract: Problem statement: Ehrenfest paradox may be the most basic phenomiencalativity
that has a long history marked by controversy, Wistill gets different interpretations by reseasche
This assessment is about another paradox in spetadivity for observers in none inertial frameath
perceiving Galilean transformatioApproach: This assessment reevaluates Michelson and Morley’'s
famous experiment and Lorentz transformation by maning different observers attached to different
space-time framesResults: The idea is to simulate a situation where an iakiftame will have
comparable observation as a none-inertial framewcklé would be very close to an inertial frame at
low velocity. Eventually it is shown that obsergatiby none-inertial frame is Galilean transformatio
rather than Lorentz transformatioBonclusion: The outcome of physical experiments observed by
inertial and none-inertial observers are completéfferent as they observe i.e., a fast-movingtiaer
frame which potentially contradicts Lorentz symmetr
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INTRODUCTION To simplify, imagine a horse racing and a vehicle
_ _ o that moves parallel with the racing frame with same
Lorentz transformation and Special Relativity arevelocity, while broadcasting the racing event. Ag t
based on the equivalence of all inertial referencgpeed is the same for racing frame and the vehick
frames and the invariance of the speed of lighte This opserved in racing frame is equal in vehiclesfe.
most general transformation of space and timgmaging now an observer that is located in the ereot
coordinates can be derived using only the equi@en ¢ circuit and rotating with a speed aligned vaigmter
of all inertial reference frames and the symmetdes ¢ he event. He/She will observer the racing asogas
space and time. the vehicle frame as he/she is completely alignétl w

. The famous Michelson and Morley is abOUt’fthe racing frame in combination with rotational
interferometer that uses the wave property of Lovement

interference to compare the time that light takes t

travel along two paths perpendicular to each other.

Since the original experiment, many similar MATERIAL AND METHODS

experiments have been performed, but so far tisene i

evidence that speed of light would be invariant inMichelson Morley experiment: The Michelson
vacuum regardless it is emitted form a stationary oporley  experiment is  not consistent  with
moving body, for more contemporary experimentsgajiiean/Newtonian physics. However its results are

please refer to (Eise_m al., 2099)' . ._explained using Einstein’s principle of relativity.
Moreover Special Relativity, the entire theory is Following Galilean physics, consider that light

based on two postulates; firstly the laws of physitke travels at ¢ with respect to a stationary medium, e.

_the same form in all m_ertlal f_rames,_ secondly fry a Aether. Also suppose that pathsahd } are equal and

inertial frame, the velocity of light ¢ in vacuurs ihe th i ¢ ter is stati ith ¢h

same whether the light is emitted by a body atoesty € entire spectrometer 1S stationary wi res"“’? ¢
medium that supports the wave motion of the light, i

a body in uniform motion, which furthermore conabsd i ) o ;
length contraction and time dilation. Aether. Let's consider a point in the interferepedtern

This study is about proposing a new experimenf! Which the phase difference is zero. This is the
that would reconstruct the observation of Michelson Situation shown in Fig. 1 at left. _
Morley experiment to re-evaluate Galilean/Lorentz ~ NOW suppose that it move to the right at speed v

transformation in combination with the principal of With respect to so called Aether, then the patlesnat
special relativity. equal any more refer to the Fig. 1, at right.
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—— Mirror 3 Mirror One can conclude the standard Lorentz
transformation will be in primed frame:
5]
X — vt
X'= (5)
Combined |B : 1-v*/¢?
ombie eam - Mirror Combined L
beams [splitter Muror .o Mirror ,
-xu/c*+t
t'=——n (6)
N1-v? /¢
Consider a combination of two consecutive

Lorentz transformations with velocities; vand v,
Fig. 1: Michelson Morley Experiment: interferometer which represents the relativistic law of adding
of equal length arms;land } which are velocities, consequently one can conclude:
perpendicular, left-hand side rest frame and

right-hand side moving frame, for any velocity 0, +0,

v of the moving frame it should be a fringe *~ 1, , v /2 ™
shift for the light in combined beams te
corresponding te due to unequal light paths If we consider:
Furthermore it can be concluded that the transi,. =B (8)
times are no longer equal, so the time for theZomtal
and near vertical directions are given by: and
_1 1 21 B (1 -VIAD-Ye= (1P) V2 =y 9)
etV oc-V o of1-V /¢ _ :
Then for the primed frame the Lorentz contraction
1 1 2 and time dilation would be equal to:
L=a ot 2" (2)
-V -V of1-v /2 L'=Ly (10)
Lorentz transformation: Consider now Lorentz and
transformation, without considering too much techhi
details, let us consider two inertial referencemfes O t=ty (12)

and O'. The reference frame O’ moves relative to O
with velocity v along the x axis. Assume also tts¢  For detailed derivation of Lorentz transformation,

coordinates y and z perpendicular to the veloaigythe
same in both reference frames i.e., ypagd z = g So

it is adequate to consider only transformation tod t
coordinates x and t from the reference frame O-x’
fy(x,t) and t' = f(x,t) in the reference frame O’. From
translational symmetry of space and time, we cafelu
that the functions ,fx,t) and f(x,t) must be linear
functions.

please refer to (Katz 1964).

Experiment overview: In this experiment we will
_construct Michelson Morley experiment in such way
“that the experiment is observed by three different
observers (Fig. 2). Observer O is stationary frame
(inertial) attached to the laboratory that movedhwi
velocity v which performs the experiment. O’ is
another inertial frame moving with same velocity (o

Consequently the relative distances between tW@ess) and same direction as O.

events in one reference frame must depend onlhen t

relative distances in another frame:

Xi_xlzzfx(xl_xz1t1_t2) 3)

=t =f (X, =X, t (4)

1_t9

Observer O” has a circular motion compared to O
and O’ and is viewing the experiment by a rotationa
movement synchronized and aligned with the center
point of the experiment, additionally the centeritsf
rotation is stationary compared to frame O. Consgige
r is the distance of O” frame to experiment cepignt
(i.e., beam splitter in Fig. 2), in addition r oles Y”
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axis. Also consider the line that crossing the beam Imagine the distance to telescope’s image to be r”
splitter i.e., } is parallel with X axis (Fig. 2). From (Fig. 2), in a situation where the distance from O”
observer O” point of view as the experiment proseed frame to the laboratory is large, linear velocity @'
I, is rotating about X" axis with i.e., angte (Fig. 2).  will be r” wand for a small r" andy the linear velocity
Consequently; O” measures r to vary along Y axi®as will be negligible compared to,\wf the fast-moving O
changes. frame. Consequently we can accept the approximation
The observer O” will follow the experiment as it of fame O” to have a very low speed compared,tofv
rotates in such way that its line of site to thethe O frame. As a result we can confirm that Otrfea
experiment’s center point is synchronized with thewith low speed doesn’t observe any length conipacti
velocity () of the experiment frame O. If the distance which is contradictory to Lorentz contraction and
of observer O” to the experiment is big enough tthen  special relativity.
circular displacement of the observer O” (telesgope As regards time dilation, if we would synchronize
will be very small and angle will be close to 0° and r the clocks of O and O”, by considering the time gl
will vary unnoticeably during the experiment ane th between light flashes of a moving clock fixed iarfre
results would be very similar to the inertial fraf® O with its motion along the x axis, we only need
that moves parallel with the experiment frame withobservers along the x axis. In this case also Bo#nd
same velocity, i.e., Galilean transformation. 0" frames will have synchronized clocks as it would
have happened in Galilean transformation.
If we consider the inertial frame O’ (Fig. 2), be
. . . at rest or with substantially lower speed than &
C_onS|der Mlchelson Morlgy (or qther equivalent) then O’ frame will observeylength ch))ntraction a'rnar‘g
experiment starts in left position of Fig. 2 andiemt _ dilation, although O” with negligible linear speed

the position in the right hand .S|de, observ_er Ofl wi compared to O frame; won't agree to length conimact
experience that the laboratory in O frame tiltgfsly 4 time gilation. This means if for instance arpai

€., CI%CKW'SE a,s tge expeEment advances_. B.mhm;\ h_creation takes place at frame O the results will be
case there won't be any Lorentz contraction; as t | contradictory for observers O' and O if special
experiment would very much simulate a Gal'leanrelativity principal is applied, i.e., if both Ond O

transformation for observer O”. have substantially low speed compared to frame O,
DISCUSSION special relativity principal won't hold the samer f0’
and O” frames. In other word O’ frame observers the

Considering Fig. 2, although observer O” sees thavavelength of the two photons to have higher
laboratory tilting slightly, but it is not the saras what  frequency and energy; but frame O” will observe sam
happens in the right hand side of Fig. 1 i.e., fieng frequency and energy as O frame and consequently
contraction in other word it is not a Lorentz created pairs observed by O’ will put on kinetiergy

RESULTS

transformation. as their masses are increased by fagt@Eq. 9), but
frame O” will measure same wavelength for created
i e . pairs as frame O and as a result no kinetic endrgy.
e B’m"‘f N B;_m  Combinea B ot_her word these r_esults are co_ntradictory as tramés
bea;i;?hfm M[mf bea;i"s,fh““ Mirror bea;i_ffhm i W|_th low speed will observe dlff(_erent physical risu
ml “* I [ ? ) [ this means O’. and. O” frames WI|| .me:\asure_the energy
Tt bem lnput beain of created pairs differently which is inconsistavith

Special Relativity principal.

The question that the laws of physics should appea
to be the same with regards to Lorentz symmetry
(which is a fundament of special theory of reldiyi
will remain.

CONCLUSION

To sum up with this experiment, the general

Fig. 2: Viewing three different positions of obsers O transformation of space and time coordinates aed th
and O” symmetries of space and time can't be guaranteed.
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In conclusion we can agree that two frames with REFERENCES
low speed will observe fast-moving frames diffehgnt
for instance one can agree to Galilean transfoomais  Eisele, C., A.Y. Nevsky and S. Schiller, 2009.
the other one agrees to Lorentz transformation. Laboratory test of the isotropy of light propagatio
In mainstream physics, Lorentz symmetry in recent  at the 10_17 level. Phys. Rev. Lett., 103: 090401.
years embarked on to be questioned whether it is DOI: 10.1103/PhysRevLett.103.090401
undeniably an exact symmetry of nature. The phytsici Katz, R., 1964. An Introduction to the Special Thyeo
are motivated primarily by the development of grin of Relativity. UNL, pp: 8-38.
and loop quantum gravity theories, which try to mak http://digitalcommons.unl.edu/physicskatz/49/
gravity congenial with quantum physics but thiowall
for the possibility that Lorentz symmetry might not
stick to precisely.
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