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ABSTRACT

In the general relativity theory, the Rindler coordinate theory’s mathematics modernizes
and the Rindler coordinate theory expands to be the Rindler coordinate theory of the
accelerated observer that have the initial velocity. First, find the Rindler coordinate
theory with initial velocity that used the tetrad on the new method and discover the new
inverse-coordinate transformation of the Rindler coordinate theory with the initial
velocity. Specially, if a, <0, this theory treats that the observer with the initial velocity
does slowdown by the constant negative acceleration in the Rindler’s time-space.And
according to the accelerated system or the decelerated system, consider the Doppler
effect.
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I.Introduction

This theory’s object is that the Rindler coordinate theory’s mathematics modernizes and that the Rindler
coordinate theory expands to be the Rindler coordinate theory of the accelerated observer with the initial
velocity and the decelerated observer.

Finding the Rindler’s coordinate theory, use following the formula about the constant accelerated matter

that moves in the line.
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X and ¢ is the coordinate and the time in the inertial system about the constant accelerated matter. d,, is
the constant acceleration, 7 1s the invariable time about the constant accelerated matter, C is the light speed
in the inertial system in the free space-time.

In the special relativity, if the matter that moves in the line is accelerated, the formula about inertial

coordinate system S(Z,X,y,z)and S'(¢',x",y',2") is

u + vO dx +Vodt 0 d./ !

u ,Vszzﬁ,u:ux dt_—
1+c—2vO dt }_VL

b b b
dt dt “dtdt'

d V _d . u
a T T w T @)
-7 -4
C C

The velocity J' has the initial velocity vV, and the velocity % is the velocity by the acceleration g'.
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In this time , the acceleration ¢' of the velocity U is
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Eq(3) is
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Therefore, if the matter that moves in the line is accelerated, it is @ = @ = ,% = % =0, the
dt dr dt dt

acceleration @ about the accelerated matter that has the initial velocity V,in the inertial coordinate

system S (t . X, ), Z) and the other acceleration @' about the accelerated matter that has not the initial

velocity V, in the inertial coordinate system S'(¢',x', ", z") are same.

In this time, if the acceleration @' is the constant acceleration d,, the acceleration in the inertial

coordinate system S(Z,X,y,z) and in the inertial coordinate system S'(¢',x', )", z") is the constant

acceleration 4, .
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Therefore, Eq(12) is
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Hence, Eq(1) is in the inertial coordinate system S'(¢',x', 3", 2")
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Therefore, in the inertial coordinate system S(Z, X, y, z)
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I1. Additional chapter-1

The tetrad eaﬂ is the unit vector that is each other orthographic and it use the following formula.
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and it is ea’u ’s inverse-matrix. And it is
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The e, (7) is the tetrad that if &' =& =&° =0,dE" =dE? =dE =0 .1t is not the accelerated

system and it is that the point’s the accelerated motion is in the line in the inertial coordinate system. In



this time, in Eq(22) it does &, =171, -

Therefore, Eq(22) is
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About VY -axis’s and Z -axis’s orientation
e“2(7r)=1(0,0,,0) . e”3(7)=1(0,0,0,1) (25)
And the other unit vector ¢} (7) has to satisfy the tetrad condition, Eq (22)
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I11. Additional chapter-I1

According to the tetrad e, ,in the flat Minkowski space, the inertial coordinate system S(Z, X, ¥, z)
transform the accelerated system &(&°, &', E%, %) In this time, the accelerated observer of the
accelerated system &(E°, &', £%, £7) and the accelerated matter that has the initial velocity V,, in the

inertial coordinate system S(Z, X, y,z) are same. Therefore, by Eq(22)
1
dr’ =dt* ——[dx’ +dy* +dz"]
o

o ox"
ab 65# agu
1

l a /' 1] ” 123
T2 e’ vd!dE = 58, d<"ds (27)

dev



e, = ox*
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Therefore, for saving the Rindler coordinate theory in the new mathematical way, the e, (£ O) is used
by Eq (24),Eq(25),Eq(26) that used fo instead of 7 .In this time, dy = dfz 20, dz= de =0,
because it is the matter that the accelerated observer of the accelerated system &(&°, &' &% &%)
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Therefore if Eq(33), Eq(34) and Eq(35) integrate, finally the Rindler coordinate theory’s coordinate

transformation of the accelerated observer with the initial velocity is found.
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Therefore, the new inverse-coordinate transformation of the Rindler coordinate theory of the accelerated

observer with the initial velocity is

v.C 0
(ct+7-")  tanh( 05 )+ Yo
a() —
2 0
(x+}/c—) 1+v—°~tanh(%)
a, c
(ct+7 2%
a, Vo
e
c (x+7/a—) 7/:—1
£ = —tanh™'[ - — 1. | v, (39)
%o (ct+y ) 2
LY a
(x+7 )
a
c? V,C c? v’ c?
(x+y—) —(ct+y—==) =(—+&)y*A-—=)=(—+&")° (40)
a, a, a, c a,
Vo, C
&= (x+y—) —(ct+y—) —— (41)
g a a
B 1
2 3 V= 2
§ _y:§ =z, 1_VL (42)



Therefore, the invariable time /7 of the Rindler coordinate theory of the accelerated observer with the

mitial velocity 1s by Eq(33),Eq(34)Eq(35)
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Hence, the invariable time /7 of the new accelerated system theory of the accelerated observer that has

the 1nitial velocity V,, is not related to the initial velocity V,, .
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0=Ruy(cg’.&".¢%87) (44)
Therefore, the accelerated observer with the initial velocity is in the flat Minkowski space.
About X -axis’s light speed,
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In this time, if use the accelerated system’s coordinate transformation, Eq(36),Eq(37)
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According to Eq(45), the Doppler effect of the accelerated system with initial velocity and the inertial

system is
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IV. Additional chapter-IIT

Specially, if @, <0, this theory treats that the observer with the initial velocity does slowdown by the
constant negative acceleration in the Rindler’s time-space. This system can call the decelerated system in
the Rindler’s space-time. Therefore, if @, > 0, if uses —a, instead of d, .in Eq(29),Eq(31).in the

decelerated system,
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In the decelerated system, the differential coordinate transformation is
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Therefore, if a, > 0, the invariable time d7 of the Rindler coordinate theory of the decelerated
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Therefore, In [2]W.Rindler, Am.J.Phys.34.1174(1966), 7 = 7"/ is the wrong formula.

If a, > 0 in the decelerated system, Riemann curvature tensor R (x), R upy (&) is
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Therefore, the decelerated system is in the flat Minkowski space..
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Therefore, if a, >0, in Eq(36),Eq(37), if uses —a, instead of @, in the decelerated system, the

coordinate transformation is,
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If a, >0, in Eq(39),Eq(40), if uses —a, instead of @, in the decelerated system, the inverse-
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In this time, 1f use the decelerated system’s coordinate transformation, Eq(60),Eq(61 )
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V. Conclusion

It found the Rindler coordinate theory with the initial velocity that used the tetrad on the new method.
And the Rindler coordinate theory expanded to be the Rindler coordinate theory of the accelerated
observer that have the initial velocity. And the Rindler coordinate theory’s mathematics modernized. And
this theory treats the slowdown system that the observer with the initial velocity does slowdown by the
constant negative acceleration in the Rindler’s time-space.

And according to the accelerated system or the decelerated system, consider the Doppler effect.

Reference

[1]S. Weinberg,Gravitation and Cosmology(John wiley & Sons,Inc,1972)

[2]W.Rindler, Am.J.Phys.34.1174(1966)

[3]P.Bergman,Introduction to the Theory of Relativity(Dover Pub. Co.,Inc., New York,1976),Chapter V
[4]C . Misner, K, Thorne and J. Wheeler, Gravitation(W.H.Freedman & Co.,1973)

[5]S.Hawking and G. Ellis, The Large Scale Structure of Space-Time(Cam-bridge University Press,1973)
[6]R.Adler,M.Bazin and M.Schiffer,Introduction to General Relativity(McGraw-Hill,Inc.,1965)



