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ABSTRACT 

It is shown that the Evans I Eckardt Theorem ofUFT342 can be used to 

describe Thomas and de Sitter precession to contemporary experimental precision by use of 

ECE2 relativity and the foundational definition of the relativistic momentum. 
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1. INTRODUCTION 

In immediately preceding papers of this series { 1 - 12} it has been shown that 

ECE2 relativity unifies special and general relativity and produces many new results, notably 

light deflection due to gravitation (UFT324 and UFT328) and orbital precession (UFT342) by 

consideration of the foundational definition of the relativistic momentum. To many scholars, 

this is considered to be the most fundamental definition of relativity, and is necessitated by 

conservation of momentum. In this paper the Evans Eckardt Theorem inferred in UFT324 is 

extended to give an exact description of Thomas and de Sitter precession to contemporary 

experimental precision. In the standard model, the Thomas precession is the rotation of the 

Minkowski infinitesimal line element, and the de Sitter precession is the rotation of the 

"Schwarzschild" line element. The Thomas precession is still valid, but the claimed 

derivation ofthe de Sitter precession is well known to be riddled with errors { 1 - 12} because 

it is based on a geometry without torsion. In Section 2 it is shown that de Sitter precession 

can be derived correctly from ECE2 relativity to state of art experimental precision. 

This paper is a brief synopsis of detailed calculations reported in its 

accompanying background notes posted with UFT343 on www.aias.us. Note 343(1) defines 

the Thomas precession and a lagrangian method is used to define the conserved angular 

momentum. The Thomas precession and phase shift are defined. Note 343(2) considers the 

Thomas precession in the Newtonian limit and derives a rotating conic section defined in 

rotating plane polar coordinates. The rotation takes place at a constant angular velocity. Note 

343(3) derives the orbit of the de Sitter precession (the geodedic precession) using the 

observed precession of orbits in the static plane polar coordinate frame. The rotation of the 

frame of the precessing orbit is the de Sitter precession, or geodedic precession. Note 343(3) 

defines the Evans Eckardt Theorem needed for the description of de Sitter precession to state 



of art experimental accuracy. Note 343(4) gives details ofthe calculation ofthe relativistic . 
angular velocity produced by Thomas precession and ~ives details of the calculation of the 

precessing orbit. 

2. THE ORBITS PRODUCED BY THOMAS AND DE SITTER PRECESSION. 

Consider the Thomas frame rotation in the Newtonian limit: 

where GJ 9 is the constant angular velocity ofthe frame rotation. The angle e\ is that of 

a rotating plane polar coordinate system. defined by ( r, e \ ). The total angular velocity is 

defined by: 

The lagrangian associated with the rotating frame in the Newtonian limit is: 
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The Euler Lagrange equations are: 
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from which the conserved angular momentum in the rotating frame is: 



where 
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is the conserved angular momentum in the static frame ( r , 8 
are constants of motion. 

The hamiltonian in the rotating frame is: ) 
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is the gravitational potential between a mass m orbiting a mass M at a distance r. Here G is 

Newton's constant. As shown in Note 343(2) the hamiltonian, a constant of motion in the 

rotating frame, produces ;e rota:ng conic ;J~tion: , _ c l ~ 
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As shown in Note 343(4): -1{ J. 
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Eqs. ( \\ ) and ( \ :l_ ) can be solved simultaneously with computer algebra to give the 

orbit r in terms of B . As shown in note 343(4): 
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and e can be plotted against r. Eq. ( \3 ) can be inverted numerically to give a plot 
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The orbit of de Sitter precession follows immediately as : 

r J, 

where it is known experimentally that: -(n) 
in which the half right latitude of the rotating frame is: 
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and in which the eccentricity in the rotating frame is defined by: 
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The reason for Eq. ( \ b ) is that de Sitter or geodedic precession is defin~d by rotating the 

plane polar coordinate system in which the precession of a planar orbit is observed. The 

original method used by de Sitter was based on the then new Einstein field equation of 1915. 
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This equation is now well known and accepted to be incorrect due to neglect of torsion. L ·~ t'\. . .......... 

contrast, Eq. ( \.b ) is rigorously correct and based o~ ECE2 relativity, Lorentz covariant 

relativity in a space with non zero torsion and curvature. 

The orbital velocity from Eq. ( \\ ) is: 

L~ 

from which the relativistic v~ocity can be de~ned(as in UFT3~: \ _ I 

" "- '-1~\ \--J~~-J. 
The relativistic velocity is the velocity given by Eq. ( \b ): 
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so the Evans Eckardt Theorem for de Sitter precession to state of the art experimental 

preCISIOn IS: ) 
J L+t\ 

J. ~) Jt ~ L, 
.L + x e .s; h. )(9 \ J 

J( L < 
J-- < dvJ ) "'l 

\'\- ~ ( L, _l_ t {\ 
- Y\.(C.. 

J -- J( ( 

Eq. ( ')3, ) can be developed with the methods ofUFT342. Note carefully that both L and 

L' are constants of motion. At the end of the calculation, e \ can be expressed as: 

~, ::_ e -+ (;_,9 t - (:1~) 

Finally the velocity of the Thomas precession is the relativistic velocity: 

-(' 



and the Thomas angular velocity (the relativistic angular velocity) is: 

'-1, I I. 

This is used as in UFTllO to define the Thomas phase shift. The latter can be observed in a 

Foucault pendulum as is well known. 
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3 Numerical analysis of orbits

The orbits for Thomas and de Sitter precession will be analysed. The equations
(11) and (12) have to be solved simultaneously for r and t. Eq.(13) can be used
to obtain θ if the orbit r is known. For a Newtonian frame (r, θ1) in which the
ellipse is stationary, it is

θ1 = θ + ωθ t (27)

and the radius function is

r =
α1

1 + ε1 cos(xθ1)
(28)

where we have Thomas precession for x = 1 and de Sitter precession (with
additional rotation of the elliptic axes) for x 6= 1. Computation of the time
dependence of θ could be done by solving the integral in (12) either analyti-
cally or numerically, but we use a simpler method derived in UFT paper 238,
Eq.(148/203):

t =
2α2

1m

xL1

atan
(

(2 ε1−2) sin(θ1 x)
2
√
1−ε12 (cos(θ1 x)+1)

)
√

1− ε12 (ε12 − 1)
(29)

− ε1 sin (θ1 x)

(cos (θ1 x) + 1)
(

(ε13−ε12−ε1+1) sin(θ1 x)
2

(cos(θ1 x)+1)2
− ε13 − ε12 + ε1 + 1

)
 .

We want to show how the ellipse rotates in a �xed frame with coordinates r,
θ and t. The time t relates to the motion in the Newtonian frame as well as
to the rotating frame. A complication is introduced by the fact that via (27)
the angle θ1 depends additionally on time, when considered from the �xed lab
frame. Consequently, θ1 is not an independent variable. An iterative solution
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procedure has been designed as follows. We de�ne a grid of one-dimensional
angular values θn etc. and compute the sequence

θn = θn−1 + ∆θ (30)

θ1,n = θn + ωθ tn−1 (31)

tn = t(θ1,n) (32)

rn = r(θ1,n) (33)

with a �xed increment ∆θ. This leads to a numerical evaluation of the functions
r(θ) and t(θ) which are graphed in Fig. 1 with numerical parameters G = M =
m = α1 = 1, L1 = 5, H = −0.5, ε1 = 0.3 We �rst study the e�ect of ωθ.
For a static ellipse we have ωθ = 0. The time function as well as the radius
function are scaled horizontally when switching to ωθ = 0.5. The radius function
is graphed in Fig. 2 as a polar diagram for both ωθ values. There is a clear
precession if ωθ > 0. The reverse precession occurs if ωθ < 0 (not shown). This
is an example for orbital or Thomas precession. A de Sitter precession can be
added by setting x 6= 0, for example x = 0.95 as done for Fig. 3. Now the
original ellipse (for ωθ = 0) precesses. When orbital precession is added (by
ωθ > 0, see Fig. 3), the orbital precession is compensated in part by the de
Sitter precession. Both types of precession can give an increase or decrease of
total precession, depending on the sign of ωθ and the condition x > 1 or x < 1.

Figure 1: Orbit r(θ) and time t(θ) for a static ellipse (ωθ = 0) and Thomas
precession (ωθ > 0).
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Figure 2: Polar plot of orbit r(θ) for a static ellipse (red) and Thomas precession
(blue).

Figure 3: Polar plot of orbit r(θ), x = 0.95, for de Sitter precession (red) and
de Sitter plus Thomas precession (blue).
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