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ABSTRACT

The Special Theory of Relativity takes us to two results that presently are considered “inexplicable” to many
renowned scientists, to know:

-The dilatation of time, and
-The contraction of the Lorentz Length.

The solution to these have driven the author to the development of the Undulating Relativity (UR) theory,
where the Temporal variation is due to the differences on the route of the light propagation and the lengths
are constants between two landmarks in uniform relative movement.

The Undulating Relativity provides transformations between the two landmarks that differs from the
transformations of Lorentz for: Space (x,y,z), Time (t), Speed (u ), Acceleration (&), Energy (E), Momentum

(p), Force (ﬁ ), Electrical Field (E ), Magnetic Field (E ), Light Frequency ( y ), Electrical Current (j) and
“Electrical Charge” ( p ).

From the analysis of the development of the Undulating Relativity, the following can be synthesized:

- It is a theory with principles completely on physics;

- The transformations are linear;

- Keeps untouched the Euclidian principles;

- Considers the Galileo’s transformation distinct on each referential;

- Ties the Speed of Light and Time to a unique phenomenon;

- The Lorentz force can be attained by two distinct types of Filed Forces, and

- With the absence of the spatial contraction of Lorentz, to reach the same classical results of the special
relativity rounding is not necessary as concluded on the Doppler effect.

Both, the Undulating Relativity and the Special Relativity of Albert Einstein explain the experience of Michel-
Morley, the longitudinal and transversal Doppler effect, and supplies exactly identical formulation to:

. . vV
Aberration of zenith = iga=—/,/1——.
c c

, C 1
Fresnel's formula = ¢'=—+v(I-—).
n n
V2
Mass (m ) with velocity (v ) = [resting mass (mo )]/ 1——2 .
c
E=mc’.
Momentum = p=—1Y_
|
C’2

Relation between momentum (p) and Energy (E) = £ = c.w/moz.c2 + p2 .

3 L7
Relation between the electric field ( £ ) and the magnetic field (B) = B=—xE.
c
. , = uo.d
Biot-Savant's formula = B = M.
2.r.R

. . . . x c’
Louis De Broglie's wave equation = w(x,t) =a.si n{Z ny(f— —ﬂu =—
u
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Along with the equations of transformations between two references of the UR, we get the invariance of
shape to Maxwell's equations, such as:

s divE =L = aivE =0, —divB=0. = RotE= %
EO

— - OE — o0F
= RotB = po. j+ so.ﬂo.E;: RotB = eo.uo.E.

We also get the invariance of shape to the equation of wave and equation of continuity under differential
shape:

Other Works:
§9 Explaining the Sagnac Effect with the Undulating Relativity.
§10 Explaining the experience of Ives-Stilwell with the Undulating Relativity.

§11 Transformation of the power of a luminous ray between two referencials in the Special Theory of
Relativity.

§12 Linearity.

§13 Richard C. Tolman.

§14 Velocities composition.

§15 Invariance.

§16 Time and Frequency.

§17 Transformation of H. Lorentz.

§18 The Michelson & Morley experience.

§19 Regression of the perihelion of Mercury of 7,13”.

§8§19 Advance of Mercury’s perihelion of 42.79”.

§20 Inertia.

§20 Inertia (clarifications)

§21 Advance of Mercury’s perihelion of 42.79” calculated with the Undulating Relativity.
§22 Spatial Deformation.

§23 Space and Time Bend.

§24 Variational Principle.

§25 Logarithmic Spiral.

§26 Mercury Perihelion Advance of 42.99".

§27 Advancement of Perihelion of Mercury of 42.99” "contour Conditions".
§28 Simplified Periellium Advance.

§ 29 Yukawa Potential Energy “Continuation”.

§ 30 Energy “continuation”.
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Undulating Relativity
§ 1 Transformation to space and time

The Undulating Relativity (UR) keep the principle of the relativity and the principle of Constancy of light
speed, exactly like Albert Einstein’s Special Relativity Theory defined:

a) The laws, under which the state of physics systems are changed are the same, either when referred to a
determined system of coordinates or to any other that has uniform translation movement in relation to the
first.

b) Any ray of light moves in the resting coordinates system with a determined velocity c, that is the same,
whatever this ray is emitted by a resting body or by a body in movement (which explains the experience of
Michel-Morley).

Let’'s imagine first that two observers O and O’ (in vacuum), moving in uniform translation movement in
relation to each other, that is, the observer don’t rotate relatively to each other. In this way, the observer O
together with the axis x, y, and z of a system of a rectangle Cartesian coordinates, sees the observer O’
move with velocity v, on the positive axis x, with the respective parallel axis and sliding along with the x axis
while the O’, together with the x’, y’' and z' axis of a system of a rectangle Cartesian coordinates sees O
moving with velocity —v’, in negative direction towards the x’ axis with the respective parallel axis and sliding
along with the x’ axis. The observer O measures the time t and the O’ observer measures the time t' (t # t').
Let's admit that both observers set their clocks in such a way that, when the coincidence of the origin of the
coordinated system happens t = t' = zero.

In the instant that t = ' = 0, a ray of light is projected from the common origin to both observers. After the
time interval t the observer O will notice that his ray of light had simultaneously hit the coordinates point A (x,
y, z) with the ray of the O’ observer with velocity ¢ and that the origin of the system of the O’ observer has
run the distance v t along the positive way of the x axis, concluding that:

x2+y2+22—02t2=0 1.1
X=x-vt. 1.2
The same way after the time interval t' the O’ observer will notice that his ray of light simultaneously hit with
the observer O the coordinate point A (X', y’, Z') with velocity ¢ and that the origin of the system for the
observer O has run the distance v't’ on the negative way of the axis x’, concluding that:
x’2+y’2+z’2—czt’2=0 1.3
x=x+Vvt. 1.4
Making 1.1 equal to 1.3 we have

ﬁ+yz+f—czﬁ=xa+yé+za—cﬁa. 15
Because of the symmetry y =y’ end z = Z, that simplify 1.5 in

X —c? P =x? - t2 1.6
To the observer O X’ = x — v t (1.2) that applied in 1.6 supplies

X —c*t= (x-v t)2 — ¢ t” from where

. v 2w
t:t 1+—2——2. 17
c ct

To the observer O’ x = x’ + V' t' (1.4) that applied in 1.6 supplies
(x + Vvt —c?? = x? - c t? from where
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v!Z 2v1xl
:t'\/1+—+ .

2 2
c c’t

Table |, transformations to the space and time

X=x—-vt 1.2 x=xX+v{t 1.4
Y=y 1.21 y=y 1.4.1
zZ=z 1.2.2 z=27 14.2
2
ve o 2wx % 2v'x'
'=t 1+—2——2 1.7 t=t' 1+—2 5 1.8
c ct c ct

From the equation system formed by 1.2 and 1.4 we find

vt=vtor |v|t = |v'|t' (considering t>o0 e t'>0)

what demonstrates the invariance of the space in the Undulatory Relatitivy.

From the equation system formed by 1.7 and 1.8 we find

Ifin 1.2 x’ = 0 then x = v t, that applied in 1.10 supplies,

v 12
1/1——. 1+ =
62 02

2+ 2.0

2
' 2V' X'

2
N
c c't c

=1.
ct

Ifin 1.10 x = ct and x’ = ¢ t’ then

N

1.8

1.9

1.10

1.12

To the observer O the principle of light speed constancy guarantees that the components ux, uy and uz of
the light speed are also constant along its axis, thus

)

X_oE_ Y
¢t dt ¢t dt

and then we can write

2
v 2vx
l+———— = ,/1+
\/ c2 czt \/

With the use of 1.7 and 1.9 and 1.14 we can write

|V| t vi o 2ux
= =4 l+—
|v'| t c c’t

|v|dt = |v |dt

|V'|

2

Being v and v’ constants, the reazons

z dz
—uy,— = —uz 1.13
t dt
v 2vux 114
c? c? '
v Qvux
= 1+—2— - 1.15
c c
Differentiating 1.9 with constant v and v/, or else, only the time varying we have
1.16
2vux 2vux
but from 1.15 — | 1/ then dt'= dt1/1 1.17
\%
u
H and — in 1.15 must also be constant because fo this the
%

2

2
differential of |1+ y oo

c2

the same as 1.13.

c’t

4/172

x dx
must be equal to zero from where we conclude — = ? =ux, that is exactly
t t



To the observer O’ the principle of Constancy of velocity of light guarantees that the components u'x’, u’y’,
and u’z’ of velocity of light are also constant alongside its axis, thus

xl dxl ! d ! ZI dZ’
T e Ly By 1.18
¢ dt ' dr ¢ dt

and with this we can write ,

v|2 2V')C' v12 2\/" ' |
I+ —+—F— = l+—F+——7F—. 1.19
c ct c c
With the use of 1.8, 1.9, and 1.19 we can write
|V'| ¢ Vi y Vi 2v'u'x!
== ]+ S+ = 1+_2+ —. 1.20
|v| t c c’t c c

Differentiating 1.9 with v’ and v constant, that is, only the time varying we have

=l or 1L 121

|v| dt'
V' v12 2v'u'x' v|2 2'u'x'
but from 1.20 | | \/1+—+ -— then dt =dt'\[1+—+———. 1.22
|v| c c c c
v t
Being v’ and v constant the divisions H and - in 1.20 also have to be constant because of this the
% t
V|2 (W] X' xv
differential of 1+_2+T must be equal to zero from where we conclude —'I?IM'X', that is
c ct t t

exactly like to 1.18.

Replacing 1.14 and 1.19 in 1.10 we have

v 2vux v 2v'u'x!
I+ ——4[l+—5+—F—=1. 1.23
c c c c
To the observer O the vector position of the point A of coordinates (x,y,z) is
R=xi +yj +zk 1.24
and the vector position of the origin of the system of the observer O’ is
Ro'=vti +0] +0k = Ro'=vti . 1.25
To the observer O’, the vector position of the point A of coordinates (x',y’,Z’) is
R=x7T+y'j+z'k, 1.26
and the vector position of the origin of the system of the observer O is
Ro=—V1i+0j+0k = Ro=—v't'"i . 1.27
Due to 1.9, 1.25, and 1.27 we have, Ro'=—R'o. 1.28

As 1.24 is equal to 1.25 plus 1.26 we have

— —

R=Ro'+R = R'=R—-Ro'. 1.29

Applying 1.28 in 1.29 we have, R=R'-R'o. 1.30
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To the observer O the vector velocity of the origin of the system of the observer O’ is

dRo'

V= =vi+0]+0k = v =vi. 1.31

To the observer O’ the vector velocity of the origin of the system of the observer O is

- dR'O e - - - g
V'= 7 =Vi+0j+0k =>V'=2"i. 1.32
t'
From 1.15, 1.20, 1.31, and 1.32 we find the following relations between Vv and V'
_ '
v = Y 1.33
12 (]
% 2V'u'x
\/1+ R —
c c
P'= —v ] 1.34
2
v 2vux
o=y
c c

Observation: in the table | the formulas 1.2, 1.2.1, and 1.2.2 are the components of the vector 1.29 and the
formulas 1.4, 1.4.1, and 1.4.2 are the components of the vector 1.30.

§2 Law of velocity transformations # and u’

Differentiating 1.29 and dividing it by 1.17 we have

dR'_ dR - dRo' u-v :ﬁ—ﬁ 21
dr' / 2vux v?  2vux JK .
2 CZ
D|fferent|at|ng 1.30 and dividing it by 1.22 we have
d_R: dR'-dR'o Ll u'—-v' _ u'-v' . 05
dt ,\/ v 2v'u'x' \/ Vv 2wy K
ar'\[1+—+——— I+—+——
c c c c
Table 2, Law of velocity transformations # and '
L, U=V Uy
u= \/E 2.1 u= \/E 2.2
L, ux—v u'x'+v'
u'x'= Nre 2.3 ux = T 2.4
' 1
u'y'=% 231 | wy= % 2.4.1
u'z'="2 232 uz = vz 242
K JK'
|v'—ﬂ 1.15 V= i 1.20
e . N2 :
JK = 1+é_2"$ 25 \/E:\/Hngzv'z' X |26
c c c c
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Multiplying 2.1 by itself we have

2vux
u1f1+—— 5
' u u

u= 2.7
v 2vux
1+— 5
c c
Ifin 2.7 we make u = c then U’ = ¢ as it is required by the principle of constancy of velocity of light.
Multiplying 2.2 by itself we have
' V12 2v'u'x'
u', 1+ 7 + "
u= 4 4 2.8
v 2v'u'x!
I+—+—F
c c

Ifin 2.8 we make u’ = ¢ then u = c as it is required by the principle of constancy of velocity of light.

c—V
If in 2.3 we make ux = ¢ then u'x'=
1 2ve
P
velocity of light.
c+v'
If in 2.4 we make u’x’ = ¢ then ux =
Vi v'e
I+—+—
c c

velocity of light.

Remodeling 2.7 and 2.8 we have
2

u
/1 2vux c
2
uY
I—T
c
1 u|2
5 2
v 2v'u c?
1 2 2
c c u>
==
c

=c as it is required by the principle of constancy of

=c as it is required by the principle of constancy of

29

2.10

The direct relations between the times and velocities of two points in space can be obtained with the
equalities #'=0= u'x'= 0= ux =v coming from 2.1, that applied in 1.17, 1.22, 1.20, and 1.15 supply

dt'= dtwll+——& =—,
ﬁ

C
2
di=dr |1+Y + 20 S g A
‘ ‘ 1+ﬁ
2
1] 1]
M= V2 2v'0:>|v|: v
1+c—2+ o 1+c—2
\4 \4
V= V|2| 2vv:>|v!|_ | | =
I -

2.11

2.12

2.13

2.14
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Aberration of the zenith

To the observer O’ along with the star u'x’ = 0, Uy’ = ¢ and u'z = 0, and to the observer O along with the
Earth we have the conjunct 2.3

2
Ux —v u / vy
0= :>ux:v,C=—y:>uy=C 1-— ,uz=0,
v Qvux vio 2w c
I+ 55 -
c c c c
2
2

[ v
u= \/ux2 +uy2 +uz’ = vV +| eyl —C—Z +0° =c¢ exactly as foreseen by the principle of relativity.

To the observer O the light propagates in a direction that makes an angle with the vertical axis y given by

ux % v/c
tango = — = = 2.15

uy v’ \/ v’
Call—— 1——
\/ c’ c’

that is the aberration formula of the zenith in the special relativity .
If we inverted the observers we would have the conjunct 2.4

2
ux'+v' u'y' v'
0= S>ux'=—v',c= J =u'y'=c,|l——, uz=0,
\/ v 2vux! \/ v'? 2v'(—v') c

I+—+—7— I+—+
c’ c’ c’? c’
2
5 VIZ
u’:\/u'x’z+u’y’2+u’z’2 = (—v') + el l—— +0° =c
c
! ! !
-V -V
tanga = = = 2.16

u'y’ v!Z er
C\/I - 1- 5
c c
that is equal to 2.15, with the negative sign indicating the contrary direction of the angles.

Fresnel’s formula

Considering in 2.4, u'x'=c/n the velocity of light relativily to the water, v'=v the velocity of water in
relation to the apparatus then ux = c' will be the velocity of light relatively to the laboratory

1
, c/n+v c/n+v c vio2v)?2 (¢ 1(v: 2v
c'= = =l —+v|il+—5+—| =|—+v|l-—| 5+—
\/1 v 2ve/n \/1 v:io 2y n ¢°  nc n 2\¢® nc

R
2 2
C C

CZ nc

Ignoring the term v’ /¢’ we have

[c v c v oV
=l —+v|l-—|z2—+v-———
n nc) n n°  nc

and ignoring the term v? /nc we have the Fresnel’s formula

, c v ¢ 1
=—+v-—=—+y 1-—|. 2.17

n n* n n
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Doppler effect

i 2t12

Making 7° =x>+y +z> and r’=x"+y”+z” in 15 we have r’—c’t’=r"-c or
r'+ct’ v 2wx
(r—ct)= (r'—ct’)u replacing then » =ct, r'=ct' and 1.7 we find (r — ct) = (r'—ct’) I+———-
(r+ct) ¢ c't
woow I 1,,, ., v 2w - .
as ¢c=—=— then —(kr—wt)z—(k r=w't ) I+———— where to attend the principle of relativity
kK k ' ¢t c't
2w
we will define k'=k,|1+ — 2.18
&t
Resulting in the expression (kr— wt) = (k’r'—w't’) symmetric and invariable between the observers.
To the observer O an expression in the formula of w(r,l) = f(kr—wt) 2.19

represents a curve that propagates in the direction of R . To the observer O’ an expression in the formula of
w'(r 1) = £ (kK r'—w't') 2.20
represents a curve that propates in the direction of R'.

_ 2, 2m
Applying in 2.18 k 27, k :7, 1.14,1.19, 1.23, 2.5, and 2.6 we have
il
\/_ \/_ 2.21
that applied in ¢ = yA=y'A" supply, y'= y\/f and y=)y'vK'". 2.22

Considering the relation of Planck-Einstein between energy (£ ) and frequency (), we have to the
observer O E = hy and to the observer O’ E'= hy' that replaced in 2.22 supply

—EJK and E=E'JVK'. 2.23

If the observer O that sees the observer O’ moving with velocity v in a positive way to the axis x, emits
waves of frequency ) and velocity ¢ in a positive way to the axis x then, according to 2.22 and ux = ¢ the

observer O’ will measure the waves with velocity ¢ and frequency y’=y(l—zj, 2.24
c
that is exactly the classic formula of the longitudinal Doppler effect.

If the observer O’ that sees the observer O moving with velocity —v’ in the negative way of the axis x’, emits
waves of frequency )’ and velocity ¢, then the observer O according to 2.22 and u'x'=—V" will measure
waves of frequency y and velocity ¢ in a perpendicular plane to the movement of O’ given by

, er
y:ywll——z, 2.25
c
that is exactly the formula of the transversal Doppler effect in the Special Relativity.
§3 Transformations of the accelerations a and a’

Differentiating 2.1 and dividing it by 1.17 we have

du_du/\/_ (ﬁ #)vdux/K\/_ o a (. ﬁ)v ax
K

1% =—+Uu-Vv)——. 3.1
ar' dK > dK ( ¢’ K’
Differentiating 2.2 and dividing it by 1.22 we have
d_u dii' / JK' (4, 4,) Vv odu'x'/ K'K' A_E_(ﬁ,_v,)ia'x' 32

= da
dt  drJK > arJK' K’
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Table 3, transformations of the accelerations a and a'

L, a (. _\V ax _oa ., _p\vax
a=E+(u—v)c—2F 3.1 a=E—(u -V )_ZK'Z 3.2
,, ax vV ax a'x' L oAV a'x
ax =E+(MX—V)C—ZP 33 ax = —(M + )—2 K'Z 34
, ., ay vV ax ay ., ,Vax
ay =E+u)’c—2P 3.3.1 W= Uy K 3.4.1
, ., az v oax az ,  Vax
az =_+MZC_ZP 3.3.2 az= I 2K 3.4.2
=" 3.8 a=L 3.9
K ' K' '
2 12 12,0+
v: 2vux Ve V'u'x
K=1+—-— 3.5 K'=l+—5+——; 3.6
c c c c

From the tables 2 and 3 we can conclude that if to the observer O .d = zero and ¢’ =ux’ +uy’ +uz’,
then it is also to the observer O’ i'd'=zero and ¢’ =u'x""+u'y'”’+u'z'’, thus i is perpendicular to d
and u’ is perpendicular to @’ as the vectors theory requires.

Differentiating 1.9 with the velocities and the times changing we have, tdv+vdt=1tdv+V'dt' , but

considering 1.16 we have, vdt =V'dt'= tdv=1t'dV' 3.7
_ o av'  dv , a

Where replacing 1.15 and dividing it by 1.17 we have, — =—— or a = —. 3.8

dt'  diK K

We can also replace 1.20 in 3.7 and divide it by 1.22 deducing

dv dv a'

—= ora=—. 3.9

dt dtf'K' K’

The direct relations between the modules of the accelerations a and a’ of two points in space can be
obtained with the u'=0=u'x'=0=a'x'=0 =1 =V = ux=v coming from 2.1, that applied in 3.8 and

3.9 supply
, a a a a

a= 3 = > and a= > —= 3 3.10

v: o 2vy v v 2V'0 v

I+——-—— 1-— I+—+—5 I+—

¢ ¢ c c c c
That can also be reduced from 3.1 and 3.2 if we use the same equalities
U=0=ux'=0=dx'=0=1u=v = ux=v coming from 2.1.

§4 Transformations of the Moments p and p’

Defined as p=m(u)ii and p'=m'(u')ii’, 4.1
where m(u) and m’(u') symbolizes the function masses of the modules of velocities u :|L7| and u'=u’

We will have the relations between m(u) and m’(u') and the resting mass m,, analyzing the elastic

collision in a plane between the sphere s that for the observer o moves alongside the axis y with velocity uy
= w and the sphere s’ that for the observer O’ moves alongside the axis y’ with velocity u’y’ = -w. The
spheres while observed in relative resting are identical and have the mass m,. The considered collision is
symmetric in relation to a parallel line to the axis y and y’ passing by the center of the spheres in the moment
of. Collision.

Before and after the collision the spheres have velocities observed by O and O’ according to the following
table gotten from table 2
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Sphere | Observer O Observer O’
VIZ
Before S UxXs = zero , uys = w u'x's==v',u'ys=wl- >
c
v2
Collision s’ uxs'=v, uys'=—w,|1 -— u'x's'=zero, u'y's'=—-w
c
12
After s Uxs = zero , uys =-w u'x's==v',u'y's=-w I—VZ
c
V2
Collision s’ uxs'=v, uys'=w /1 - u'x's'=zero, u'y's'=w
c

To the observer O, the principle of conservation of moments establishes that the moments px = m(u)ux

and py= m(u)uy of the spheres s and s’ in relation to the axis x and y, remain constant before and after
the collision thus for the axis x we have

m(qluxs2+ uys’ )uxs+ m(«/uxs'z +uys'’ )uxs’ = m(qluxsz +uys’ )uxs+ m(qluxs’2+uys'2 )uxs' ,

where replacing the values of the table we have

2 2
2 2
2 14 2 — v -
ml _|[v+|—w 1——2 v=m| |[vi+| W 1——2 v from where we conclude that w = w,
c c

and for the axisy

m(qluxs2+ uys’ )uys+ m(«/uxs'z +uys'’ )uys’ = m(qluxsz +uys’ )uys+ m(qluxs’2+uys'2 )uys' ,

where replacing the values of the table we have

2 2

2 2 2 2
v v —\— _ v _ v
m(w)w—m| v+ —w I—— | |w ]——2:—m(w)w+m V| wall-— | [wil-—,
c c c c
simplifying we have
V2 vZ
m(w)=m| [v’+w’ (] ——ZJ I——, where when w— () becomes
c c
2 2 2
v v v m(0
m(O)zm \/v2+02(1——2j 1——2:>m(0)=m(v) 1——2:>m(v):¢,
2
c c c v
1=
c
but m(O) is equal to the resting mass m, thus
m m
m(v) =——C __ with a relative velocity v=u = m(u) = 0 4.2
v’ u’
1—— 1——
c’ c’
— = _ m,u
that applied in 4.1 supplies p = m(u)u =T 4.1
u
1=
c

With the same procedures we would have for the O’ observer
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m'(u'):L 43

u
]—
CZ
~ ~ m,u'
and p'=m'(u')i'= ———. 4.1
u/Z
I=—
c
m,
Simplifying the simbology we will adopt m m(u) ; 4.2
u
==
c
m
and m'=m'(u') d 4.3
u'’
1—
CZ
that simplify the moments in p =mu and p'=m'u’. 4.1

Applying 4.2 and 4.3 in 2.9 and 2.10 we have

2
V' 2V'u 2vux
m:m'\/1+ >+ :>m m'VvK' and m'=m ]+—— =m=mvK . 4.4
c ¢’ e c?

b ~ fl d 1!
= (mu) and F'= P = (m—u) with this we can define then
dt dr dr

Defining force as Newton we have F=

S
U

kinetic energy (Ek E',)as

e

E, d(mu)ﬁ (uzdm+ mudu),

Q'——.:
Q'——.:
Q'—.:

dmﬁ

and E'k:Tﬁ’.dR' lj o
0

dﬁ':Td(m'ﬁ 2]‘( " dm'+m'u du').
0
2

2

Remodellng 4.2 and 4.3 and differentiating we have m’c’—m’u’ = =m, ’¢? = w’dm+ mudu = c’dm and

m”?cl—m"”u' =m0 ¢ =u” dm'+m'u'du'=c’dm’', that applied in the formulas of kinetic energy

supplies £, = jczdm =mc’ —m,c’ =E-E, and E', = jczdm’: m'c’ —myc’ =E'-E,, 45
my my

where E =mc’ and E'=m'c’ 4.6

are the total energies as in the special relativity and E, = m c’ 4.7

the resting energy.
Applying 4.6 in 4.4 we have exactly 2.23.

From 4.6, 4.2, 4.3, and 4.1 we find

E= cqlmozcz +p’ and E'= C*\,mOZCZ‘Fp’Z 4.8

identical relations to the Special Relativity.

Multiplying 2.1 and 2.2 by m, we get
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m,u' m,u m,v v, . E_
= = = - == m'u'=mi —my = p'=p——V
u' u u ¢
1-— 1-— 1-—
c c c
mu mu' my' '
and = 2 - 2 - =>mu=mu'-mv'=p=p-—v'.
c

., - E_ . ., E'_,
p'=p——V 4.9 p=p——7V 4.10
c c
[N E —_ ! ! E’ !
p'¥=pr=——3v 4.1 px=pixt 5y 4.12
p'yv'=py 4111 py=p'y 4121
p'z'=pz 4112 | pz=p'z 4122
=E\/E 2.23 E=FE' /K! 2.23
m m
m:m(u):—()2 4.2 m’:m’(u'):—o2 4.3
1—”—2 ]_uT
c c
= mJK 44 = m' VK’ 44
Ek:E_Eo 4.5 E'k:E'—Eo 4.5
E= n/lc2 4.6 E'= m’02 46
E =mc’ 4.7 E =mc’ 4.7
4.8 [22, ;2 4.8
E zcw/mazc2 +p’ E'=c mozcz+ p”

Wave equation of Louis de Broglie
The observer O’ associates to a resting particle in its origin the following properties:

-Resting mass m,

-Time t'=t¢,

-Resting Energy £, = mocz
2

m,c
-Frequency yOZTO: Oh

-Wave function y,=asen2rny,t, with a = constant.

The observer O associates to a particle with velocity v the following:

mO
-Mass m = m(v) =T (from 4.2 where u =v)
J—
CZ
H t() t() : !
-Time t = = (from 1.7 with ux =v and ' =¢,)
v 2wy v’
It =5 I
c c c
E m c’
-Energy E = z_— =——=2 - (from 2.23 with ux =v and E'=E )
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Y, m,c’ /h

2 - 2
C C

-Distance x = vt (from 1.2 with X’ =

-Wave function y =asen2ny,t, =asen2my, f]—— £ f]—— =asen2my t——j with u =—

2
-Wave length u= yi—c—zg y—h:>/1—— (from 4.9 with p'= p, = 0)
v p P p

To go back to the O’ observer referential where u'=0 = u'x'= (), we will consider the following variables:

-Frequency y= (from 2.22 with ux =v and y'=y,)

-Distance x = v't’ (from 1.4 with x’ = 0)

2 2
V' 2v’0 V'
-Timetzt’\/1+—2+ 5 \/1+— (from 1.8 with u'x'=0)
c c c

2

-Frequency y=)' (from 2.22 with u'x'=0)

Velocity v = ——— (de 2.13)

1+2

c
that applied to the wave function supplies

2 !2 72 ’

VX V' V vt
l//':asen27ry[t——2j=asen27ry'\/]+—2 z"\/1+—2 — =asen2ny't’,
¢ C C V!

021f1+ 5
c
butas t'=¢, and y'=y, then y' =y, .

§5 Transformations of the Forces F and F’

Differentiating 4.9 and dividing by 1.17 we have

o _dp___dE_ T F'zi[ﬁ dEV}:ﬁ'ziK[ﬁ—(ﬁ.ﬁ)lz] 5.1

dt' diNK  diNK JK dt c

Differentiating 4.10 and dividing by 1.22 we have

B A Vg ] [ﬁ'_dE V_}j Fol [ﬁ'_(ﬁca')v—] 5.2

I

dt dt'NK' dt'AJK' ¢ VK’
From the system formed by 5.1 and 5.2 we have

dE _dE’
e dr

or ﬁ ﬁ 5.3

:l

that is an invariant between the observers in the Undulating .Relativity.
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Table 5, transformations of the Forces F and F'

gt a] e Pl |

N | e

F'y'=Fy/JK 541 | Fy=F'y' /K’ 5.5.1
F'z'=Fz/JK 542 | Fz=F'z'/JK' 5.5.2
dE'_dE -

e dt 5.3 F.ii=Fi 5.3

§6 Transformations of the density of charge p, p' and density of current J and J'

d
Multiplying 2.1 and 2.2 by the density of the resting electric charge defined as p, :d—q we have
\%

o

— — —

Pt Pt PV = p'ii' = pii — p¥ = J' = J — p¥ 6.1
CZ CZ CZ
and pu . pPU P,V - pﬁ:pyﬁy_prvré j:j’—p'ﬁ'. 6.2

2 - 12 B 12
JJ—”z Jz—”z JJ—”Z
C C C

Table 6, transformations of the density of charges p, p' and density of current J and J'

j':j—p\j 6.1 j:j'—p’\j' 6.2
J'x'= Jx— pv 6.3 Jx=Jx"+p"V 6.4
J’y’: Jy 6.3.1 Jy:J’y’ 6.4.1
J'z'=Jz 6.3.2 Jz=J'Z 6.4.2
j = pﬁ 6.5 jr — prﬁr 6.6
= Po ' Po
p=—r= =
u 6.7 u' 6.8
1-—— 1—
c c’
pr:p\/? 6.9 p:pr\/ﬁ 6.10

From the system formed by 6.1 and 6.2 we had 6.9 and 6.10.

§7 Transformation of the electric fields E , E' and magnetic fields B , B’

Applying the forces of Lorentz F = q(E +u X E) and F' = q(E' +u'x E') in 5.1 and 5.2 we have

q(E’+ LY’XE'): %[q(g+ ux E)— [q(E+ ux E)ﬁ]ciz}

and q(E+ ux E): L{q(ﬁ%ﬁ’xé')— [q(E'+ﬁ'xl§’)ﬁ’]v—2

\/F

} , that simplified become

C
(E'+a'xz§')=%{(meé)—(é.ﬁ)c%} and (EB)%[(EB)(E)_} from

where we get the invariance of E.ii =E'iu' between the observers as a consequence of 5.3 and the
following components of each axis
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1 E E E.
E’x'+u’y'B’z’—u’z’B’y’:—[Ex+ uyBz—uzBy— XL;)CV - yb;yv — zp;zv} 7.1
VK c c c
1
E'y+u'z’B'x'-u'x'B'z’=—=|Ey+uzBx—uxBz 7.1.1
d |
1
E'Z4+u'x'B'y—u'y'B'x'=——=|Ez+uxBy—-uyBx 71.2
JE[ ]
] E’ [P N S E’ 1,,! [ EI [P A . |
Ex+usz—usz:—{E'x’+u’y’B'z’—u’z’B'y’+ al u2x v, z2Y uzy LA uzz Y } 7.2
VK c c c
1
Ey+uzBx—uxBz=——|E'Y'+u'z'B'x'-u'x'B'z’ 7.21
N |
1
Ez+uxBy-uyBx=—|E'Z'+u'x'B'y'-u'y'B'x' 7.2.2
T ]

To the conjunct 7.1 and 7.2 we have two solutions described in the tables 7 and 8.

Table 7, transformations of the electric fields £, E' and magnetic fields BeB

Ex VUxX E'x' viu'x'
E'x'=—|1—-— 7.3 Ex= 1+ 7.4
JE( ¢’ j \/K'( ¢’ j
Ey v’ vux) VvBz E'y' v Vvu'x") v'B'z
EFvyv="T|]+—-—""|—-""F 731 Ey = ]+ —+ + 741
2 [ 2 [ [>T
g E2 1+ -2 B 1730 | o EE 1+ 22 VBY 742
\/E c c K VK’ c c VK’
B'x'= Bx 7.5 Bx=B'x' 7.6
v v
B'y'= By+— Ez 7.5.1 By=B'y'-—E'zZ’ 7.6.1
c c
r ! v r ! vl ’ ’
B'z =BZ—C—2Ey 752 | Bz=B'z +c—2E y 7.6.2
E'y'= EyNK 7.7 Ey=E'y'JK' 7.8
E' 2= EoK AN NG 7.8.1
ux u'x'
By=——Fz 7.9 B'y'=———F'zZ' 7.10
c c
ux u'x'
Bz=—FEy 7.9.1 B'z'=—4¢+FE"y' 7.10.1
Table 8, transformations of the electric fields £, E' and magnetic fields B e B
1 ~ _\V 1 = v’
E'x'=—| Ex—\E .u|— 7.11 Ex=——|E'x'"+HE"u')|— 7.12
| (B | elpa)
1 1
Ey'=——(Ey—-vBz 7411 | By =—=(E"y+V'B'z’ 7.12.1
75 &) N )
1 1
Ez'=——(Ez+VvBy 7112 | Ez= E’z’—v'B’y’) 7.12.2
J 7!
B'x'=Bx 7.13 Bx=B'x' 7.14
B’y’: By 7.13.1 By:B'y’ 7.14 1
B'z'= Bz 7132 | Bz=RB'Z' 7.14.2
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Relation between the electric field and magnetic field

If an electric-magnetic field has to the observer O’ the naught magnetic component E’:zero and the

electric component E'. To the observer O this field is represented with both components, being the
magnetic field described by the conjunct 7.5 and has as components

vEz vE
szzero,By:——z,BZ=—2y, 7.15
c c
: = 1. =
that are equivalentto B=—VxE. 7.16
c

Formula of Biot-Savart

The observer O’ associates to a resting electric charge, uniformly distributed alongside its axis x' the
following electric-magnetic properties:

-Linear density of resting electric charge p, = d_q’
X
-Naught electric current /'= zero

-Naught magnetic field B' = zero = ii' = zero

-Radial electrical field of module E'=/E'y’+E'z'"" = ZID—OR at any point of radius R = /' +z'> with

e

o

the component E'x'= zero.

To the observer O it relates to an electric charge uniformly distributed alongside its axis with velocity ux =v
to which it associates the following electric-magnetic properties:

Po

2
7
C

-Linear density of the electric charge p = (from 6.7 with u = v)

v
-Electric current [ = pv = PV
V2
I=—
c
!
-Radial electrical field of module FE =T (according to the conjuncts 7.3 and 7.5 with
v
CZ
B'=zero=ii'=zero and ux =v)
: , vEz vEy
-Magnetic ~ field of  components  Bx = zero, By =——-, Bz =—; and  module
c c
vE v E’ % 1 P, n, I 1 . )
B =—=— =— = where Q= = being in the vectorial form
¢ c v:ooc v: 2me, R 2mR g,C
I-— I-—
c c
- I _
B= K, u 717
2nR

where 1 is a unitary vector perpendicular to the electrical field E and tangent to the circumference that
passes by the point of radius R = w/y2 +z° because from the conjunct 7.4 and 7.6 Eé = zero.
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§8 Transformations of the differential operators

Table 9, differential operators

i:i.pli 8.1 i:i—v—’i 8.2
ox' oOx ¢ ot ' ox O0x' ¢’ ot '
0 B 0 0 B 0

oy oy 81| 355y 8.2.1
o 0 0 0

E—E 8.1.2 5_5 8.2.2

0 v 0 1 v: v )0 0 v 0 1 vi2 o v'x') 0 894
— ==+ 1l+—5—— | |83 —_— = + I+—+ —
ot JK 0x K ot ot JK ox' JK' ot'

¢’ 't c c’t
From the system formed by 8.1, 8.2, 8.3, and 8.4 and with 1.15 and 1.20 we only find the solutions

0 x/t 0 o x'/t' 0
-~ =o0and —+

3 =0 an <, =0. 8.5
Oox ¢ Ot ox'" ¢° ot

From where we conclude that only the functions y (2.19) and ' (2.20) that supply the conditions

Bv O, o XY

- : = 8.6
ox «c¢° Ot ox' ¢ ot

can represent the propagation with velocity ¢ in the Undulating Relativity indicating that the field propagates
with definite velocity and without distortion being applied to 1.13 and 1.18. Because of symmetry we can also
write to the other axis

' P A Pt A
%+Z—f%—v;:o,%yw'+yc? %l/l/’ =0 and%—f+i—fz—l/;=0,%z+ch ?/:’:0 8.7
From the transformations of space and time of the Undulatory Relativity we get to Jacob’s theorem

_ vux JRAES
J:(?(x',y’,z’,t’)_ ¢ ond J'= olxyzt) c’ 8.8

(x,y,z1) - JK a(x’,y',z’,t')_ JK
variables with ux and u'x’ as a consequence of the principle of contancy of the light velocity but are equal ais
J =J" and will be equaltoone J =J'=1 when ux=u'x'=c.

Invariance of the wave equation
The wave equation to the observer O’ is

o0, o 1
ax12 ayIZ azrz CZ atIZ

= zero
where applying to the formulas of tables 9 and 1.13 we get
2
(8+v8j2+82+82_1 v 8+1 ]+v2_vux8 ~ ero
ox ¢ ot oy’ ozt JK 0x K ¢ ¢ ot

from where we find
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o’ 0’ 0’ 1 07 2v o’ 2 o7 Iviux o’ viaol vt ot 2viux &7
2 2+K_2__2_2+_2 t— - 4 T2t 552 6 2
ox oy 0z" ¢° Ot° ¢” oxot ¢° Oxot ¢’ oxot c'ott " ot ¢’ ot
v:io® 2v o7 2v3 o’ Jr21/2u)c o’ _2v2i+2vuxi+2v3ux o’ viux? o7 v!' o’
¢’ ox? ¢? 6x6t ¢! oxot ¢! oxor ¢t or ¢t ot’ ¢’ ot ¢’ ot o’

that simplifying supplies

o’ o’ o’ 1 07 2'ux &7 v o' v ol 2vux 6 vzuxz o’
K—+K—S+K—-——-———F~=~"5=5" 75+t ——— = zero
ox’ oy’ 0z ¢ Ot caxdt ot fat o al & ot

where reordering the terms we find

2 2 2 2 2 2 2 2 2

K@ +K8 +K8 g4 2vux | I 0" 0 +2Lix 0 +ux4 62 ~ ero
ox’ oy’ oz° o’ loaxt o oo o o

but from 8.5 and 1.13 we have
0 xtd ( 0 ux 0 jz > 2ux 07 ux’ 0’
=0= + =

e -

— 4+ —t | ==+ +——5 =zero

ox ¢ ot ox ¢ Ot ox ¢’ oxot c¢* ot
0’ 0’ 0’ 1 0°

that applied in 8.9 supplies the wave equation to the observer O 8_+8 6—2__26_2:Zero. 8.10
X )y z° ¢ Ot

To return to the referential of the observer O’ we will apply 8.10 to the formulas of tables 9 and 1.18, getting
2
a _v_, a 2_}_8_24_&_1 _ V’ a + ] ]+ﬁ+M a = zero
ox' ¢’ ot o7 o7 7| JK ox' JK' c’ c> ot

from where we find
, 0’ , 0’ , 0’ 1 07 2v o° 2v’3 0’ N1 u'x o7 vi?ioor vt o?
K 12 +K 12 K 12 __2 12 T2 4 2 /_ 4 ' 2 _47—'—_6 12
ox oy oz ¢’ ot ¢’ ox'or ¢ ox'ot c ox'ot ¢’ ot c’ ot
Hiu'x o7 v 9t v o w8l 2iu'x o7 2?87 Wu'x o7
+ 6 S IR RPN S R i iy 4 f A A 2 4 2
c Ot c® Ox c® ox'ot c’ ox'ot c ox' ot c’ ot c ot

3 2 2 2 2 4 2
v7iu'x" 0 vVau'x's 0 \VARNG

T wt ¢ at far

that simplifying supplies
o’ , 0’ , o’ 1 07 27u'x o’ V2ot V7ot u'x o0 viu'x”? o° B

K +K 12 +K 2 2 Ag2 4 fAd 2 A2 4 Ag2 4 2 6 2 = zero
ox'? oy oz'" ¢ ot c ox'ot' ¢ ox ¢’ ot ¢’ ot c ot

where reordering the terms we find
82 82 82 r2 Vu'x' 1 82 r2 82 2u'x' 82 r .12 82
K’ +K' +K' 1+v_2+ v . ML L = zero

ox'’ oy’ oz’ c c’ c’ ot ox'? ¢’ ox'or ¢’ o’
but from 8.5 and 1.18 we have

o X'/ d o wx' oY) & 2ux & ux’ o’
St To= T =2t t—3 2
ox'" ¢ ot ox'" c¢° ot ox' ¢ ox'ot! ¢ o
that replaced in the reordered equation supplies the wave equation to the observer O’.

= = zero
Invariance of the Continuity equation

The continuity equation in the differential form to the observer O’ is

- 6p’+8Jx'+6Jy aoJz'
ot' o' ox' oy oz

= zero 8.1

where replacing the formulas of tables 6, 9, and 1.13 we get

2
vo, L 1+ - % 0 x/f+(i+—£j(J —pv)+ Wy L OJ2 _ v
JK ox Jk\ ¢ ot ox ¢’ ot dy oz
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making the operations we find
2 2
v6p+6_p+v_8_p_vux8_p+6Jx+18Jx_v8p_v_@_p+8Jy+6Jz

= zero

ox 0t ¢’ o0t ¢’ 0t 0Ox ¢ Ot ox ¢> ot 0y Oz

that simplifying supplies

op wvux0Op OJx v oJx 0OJy 0Jz

=ttt + + = zero

ot ¢ 0t Ox ¢ 0Ot Oy Oz

where applying Jx = pux with ux constant we get
@_@@+_6Jx+%a(pux)+aJy+6JZ=Zem:>6_p+8Jx+8Jy+8JZzzem 8.12
ot ¢ 0t Ox ¢ Ot oy Oz ot 0O0x 0y Oz

that is the continuity equation in the differential form to the observer O.

To get again the continuity equation in the differential form to the observer O’ we will replace the formulas of
tables 6, 9, and 1.18 in 8.12 getting

, 12 [ ! "y! 'z
T e (2 Y22

— + —_—
JK'ox' K ¢ ot ox' ¢’ ot
making the operations we find
' ' ' 12 ' (W] ' W ' W ’ ' 12 ' (W] r
_V'ap +6_p+v_28p+vu2x8p+6Jx_v_26Jx+v6p _v_26p+6Jy+8Jz
ox' ot ¢ ot ¢ ot ox' ¢ ot ox" ¢ ot 0y oz’

= zero

that simplifying supplies

op'" Vvu'x'op' oJ'x" v oJx' oJy oJzZ
’ + 2 ’ + 2 ’ + ' + ’

ot c- Ot ox' ¢ Ot oy oz

= zero

where applying J'x'= p'u’x" with u'x’ constant we get
op LY u2x op +8Jx _v_zﬁ(pux)+8Jy +8JZ =zer0:>ap +8Jx +8Jy +8JZ
ot' ¢ ot o0x' ¢ ot' oy’ oz’ ot ox' oy’ oz'

= zero

that is the continuity equation in the differential form to the observer O’.
Invariance of Maxwell’s equations
That in the differential form are written this way

With electrical charge

To the observer O To the observer O’
OEx OEy OF OE'x' OFE'y'" OFE'Z '
+ y+ Z_P 8.13 + J + Z_P 8.14
ox oy 0z g, ox' oy’ o0z' g,
8Bx+63y+632=0 815 68x+6By+6 Z 816
ox Oy Oz ox' oy oz'
OEy OEx 0Bz OE'y' OFE'x' OB'Z
- == 8.17 - == 8.18
ox oy ot ox' oy ot'
OEz OEy OBx OE'z" OE'y' OB'x'
- =- 8.19 - =- 8.20
oy Oz ot oy oz' ot'
OEx OEz _ OBy 821 OE'x' OE'z' _ 0B') 8.2
0z  0Ox ot ' oz' ox' ot' '
OBy OBx OFEz OB'y'" OB'xX OE'Z
—— =W Jz+e,n,—— |82 - =u,J z'+e 1, 24
o oy " T R R Y Ho a0 |8
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0Bz 0By _ Jx+e OEx 8.25 Bz 0By _ J'x'+e O’ 8.26
oy o H, oMo or : o Py K, oMo o :
OBx OBz OEy OB'x'" OB'Z' OE'y'
— =, JJy+e pn,— - =u J y+e
oz ox TR BT | Ty e P YRR |88
Without electrical charge p = p’= zero and J=J'=zero
To the observer O To the observer O’
OEx OFEy OFEz OE'x' OFE'y'" OFE'Z
+——+—=0 8.29 + + =0 8.30
ox oy Oz ox' oy’ oz'
6Bx+63y+632=0 831 OB' x +8By +6 Z 8 32
ox oy Oz ox' oy oz'
OEy OEx OBz OE'y" OE'x' OB'z'
- =—- 8.33 - == 8.34
ox 0Oy ot ox' oy’ ot'
OEz OEy OBx OE'z" OE'y' OB’ x'
- == 8.35 - =—- 8.36
oy Oz ot oy’ oz' ot'
OEx OEz _ OBy 837 OE'x' OE'z' _ 0By 8 38
0z  Ox ot ' oz' ox' ot' '
@_@_8 OEz 8 30 oB'y" 0 'x’_8 OF'z' 8.40
ax o My ' o oy Mo '
%_6&_8 OEx 641 6B’z’_8B’y'_8 OE' x' 6.4
oy oz MTa | o o T '
@_@_8 OEy 643 GB’x'_GB’z'_g OE'y' 6.44
2o Py B e P '
1
EMN, =—5 8.45
c

We demonstrate the invariance of the Law of Gauss in the differential form that for the observer O’ is
OE'x'" OE'y' OE'Z '
+ 2 =P

ox' oy' oz e

8.14

o

where replacing the formulas from the tables 6, 7, 9, and 1.18, and considering u’x’ constant, we get
0 v 0| Ex vux| 0| Ey v’ vux)| VvBz
—t S |= -5 |t =+t |-—F=|t
ox c’ ot |JK c oy _\/E c c JK

0 [ Ez ( v’ vux} vBy_ B px/E

+— 1+—— + =
oz| VK ¢ ) JK €,
_ , _ v’ OFx ,
making the products, summing and subtracting the term _28_ we find
¢’ ox

OEx v OEx wvux 6Ex_v2ux 8Ex+8Ey+ﬁ OEy vux 6Ey_vaBZ+
ox ¢ ot ¢ ox ¢ ot oy oy & oy oy
+8EZ ﬁ@Ez_vux OFz vaBy+ﬁ8Ex_ﬁ6Ex _pK

- =

0z c¢° Oz ¢’ 0z Oz ¢ ox ¢’ ox €

o

that reordering results

v’ (ﬁEx ux 8Exj 0Bz OBy I OEx OEx OEy OEz vl ovux) pK
|+ |-V - -— + + + 1+

cc\ ox ¢ Ot oy 0z ¢° Ot ox oy Oz
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where the first parentheses is 8.5 and because of this equal to zero , the second blank is equal to

vpux o
- v(qux) = —Vl,pux = ——— gotten from 8.25 and 8.45 resulting in
€,C

o

2 2
(6Ex+8Ey+6Ezj(1+v__%j:ﬁ(]_i_v__vuxj_ﬁvux_i_ﬁvux

ox oy Oz ¢ < g, ¢ g, ¢ g, c
OEx N OEy N OFEz _p
ox 0Oy 0z g,

that is the Law of Gauss in the differential form to the observer O.

8.13

from where we get

To make the inverse we will replace in 8.13 the formulas of the tables 6, 7, 9, and 1.13, and considering ux
constant, we get

[i_ii}E!x![]_i_v!urx!j—'—i E!yr ]+ﬁ+vru!xr +V’B,Z, .
ox' ¢’ ot |JK' c’ ov'| VK’ c’ c’ VK’
0 {E'z'(] v’ v’u'x'j_v’B'y'}_p'\/E

+— —+
0z'| VK’ c’ c’ VK’ g,
- . - 12 Elx!
making the products, adding and subtracting the term —- o we get
c X
OE'x" v' OE'X N v'u'x' OE'x' vZiu'x' OE'X' N OE'y' N v'? OE'y' N viu'x' oE'y' N
ox' ¢’ ot ¢’ ox c’ ot' o' & oy o
N v'OB'z' N OE'z' Vv’ OE'z' N v'u'x'0E'z" v'OB'y' N V7 OE'X' B V2 OE'x  p'K'
oy’ oz o’ o7 ¢ o oz’ o o g,

that reordering results in
v'?(OE'x' u'x'OE'x' J(0B'z" OB'y'" I OE'X
' + 2 ' TV . ) ' +
ox c- Ot oy 0z c- Ot

8E'x' aEIyI a !Z!I er V’M’X' le!
+ + + I+—+——F5|=

ox' oy’ oz' c c g,
where the first blank is 8.5 and because of this equals to zero, the second blank is equal to

v!pru!xr . .
———— gotten from 8.26 and 8.45 resulting in

€ C
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from where we get

observer.
Proceeding this way we can prove the invariance of form for all the other equations of Maxwell.
§9 Explaining the Sagnac Effect with the Undulating Relativity

We must transform the straight movement of the two observers O and O’ used in the deduction of the
Undulating Relativity in a plain circular movement with a constant radius. Let’s imagine that the observer O
sees the observer O’ turning around with a tangential speed v in a clockwise way (C) equals to the positive
course of the axis x of UR and that the observer O’ sees the observer O turning around with a tangecial
speed V' in a unclockwise way (U) equals to the negative course of the axis x of the UR.

In the moment t =t = zero, the observer O emits two rays of light from the common origin to both

observers, one in a unclockwise way of arc cty and another in a clockwise way of arc ctc, therefore cty = ctc
and ty = tc, because c is the speed of the constant light, and t; and tc the time.
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In the moment t = t' = zero the observer O’ also emits two rays of light from the common origin to both
observers, one in a unclockwise way (useless) of arc ct’y and another one in a clockwise way of arc ct’c, thus
cty =ct'c and t'y = t'c because c is the speed of the constant light, and t'; and t'¢ the time.

Rewriting the equations 1.15 and 1.20 of the Undulating Relativity (UR):

|V| t v 2vux
|V'| t Vi 2v'u'x!
HZE: 1+C_2+ - 1.20

Making ux = u’x’ = ¢ ( ray of light projected alongside the positive axis x ) and splitting the equations we
have:

z':t(]—zj 9.1 t:t'(1+1j 9.2
C C

!

\% \%

Vi=——— 9.3 v=—o
1+
c

)

When the origin of the observer O’ detects the unclockwise ray of the observer O, will be at the distance
Vi, = v'l'U of the observer O and simultaneously will detect its clockwise ray of light at the same point of
the observer O, in a symmetric position to the diameter that goes through the observer O because
ct, =ct. =>t,=t. and ct', =ct'. =1, =1, following the four equations above we have:

9.4

2nR
cty, +vt. =2nR =t = 9.5
c+v
27R
ct' ANV, =2nR =1 = 9.6
c+2v'

When the origin of the observer O’ detects the clockwise ray of the observer O, simultaneously will detect its
own clockwise ray and will be at the distance v, =V't’,, of the observer O, then following the equations
1,2,3 and 4 above we have:

2U

271R
cltye =2nR+Vt, . = t,. = 9.7
c—V
271R
ctyy=2nR=>1t, . =—— 9.8
c
The time difference to the observer O is:
271R 2R 4nRy
At=t,. —t. = - = 9.9
2 2
c—V c+v c” —v
The time difference to the observer O’ is:
., , 2nR  2mR 4RV
At'=t,.—t.= = 9.10

c _c+2v’_(c+2v’)c

Replacing the equations 5 to 10 in 1 to 4 we prove that they confirm the transformations of the Undulating
Relativity.
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§10 Explaining the experience of Ives-Stilwell with the Undulating Relativity

We should rewrite the equations (2.21) to the wave length in the Undulating Relativity:

A A
A= and A = , 2.21
v Jvux Vi 2Vu'x!
]+72_72 1+ 5 —
c c c c

Making ux = u’x’ = ¢ ( Ray of light projected alongside the positive axis x ), we have the equations:

X’:L and A:L 10.1

GG

If the observer O, who sees the observer O’ going away with the velocity v in the positive way of the axis X,
emits waves, provenient of a resting source in its origin with velocity ¢ and wave length kF in the positive
way of the axis x, then according to the equation 10.1 the observer O’ will measure the waves with velocity ¢
and the wave length A/, according to the formulas:
Ar Mp
(=) ()
c c
If the observer O’, who sees the obsesrver O going away with velocity v’ in the negative way of the axis x,
emits waves, provenient of a resting source in its origin with velocity ¢ and the wave length k'F in the

positive way of the axis x, then according to the equation 10.1 the observer O will measure waves with
velocity ¢ and wave lenght lA according to the formulas:

X’F:—}LA and A, :—}LF’ :
=) ()
c c

The resting sources in the origin of the observers O and O’ are identical thus A, =A'..

Ap= and A, = 10.2

10.3

We calculate the average wave length A of the measured waves (kA,k’D) using the equations 10.2 and
10.3, the left side in each equation:

! —_— ! ?
T Motk 1| M wy(1-2) sa=totha P (1Y)
2 2 (]_Vj C 2 2(1_\/) C
c C

We calculate the diffrence between the average wave length A and the emited wave length by the sources
AN=h—-A,:

_ by 2
AL=A—A, =—F{1+(1—2) }XF
2(1—”) ¢

c
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A= }”—FV—Z 104
(1_) 2 c
c

Reference
http://www.wbabin.net/physics/faraj7.htm

§10 Ives-Stilwell (continuation)
The Doppler’s effect transversal to the Undulating Relativity was obtained in the §2 as follows:

If the observer O’, that sees the observer O, moves with the speed -V’ in a negative way to the axis x’, emits
waves with the frequency )’ and the speed c then the observer O according to 2.22 and u'x'=—V" will
measure waves of frequency y and speed c in a perpendicular plane to the movement of O’ given by

y=y' [1-Y— 2.25
C

12 2
For u'x'=—V" we will have ux=zero and ,[I/— VZ ]+v—2 =] with this we can write the relation between
c c

the transversal frequency y =y, and the source frequency y'=)",. like this
Y, :y—FZ 10.5

v
1+c—2

With c=y,A, =)' A", we have the relation between the length of the transversal wave A, and the length of

the source wave A/,

2

A=Ay — 10.6
c
The variation of the length of the transversal wave in the relation to the length of the source wave is:

2 2 2 A2
AN, =N, =N =0\"s /1+z—2—wF =wF( /1+z—2—1J;wF (1+2V7—1j;7Fz—2 10.7

that is the same value gotten in the Theory of Special Relativity.

Applying 10.7 in 10.4 we have
—  AA
Al = !

(-]

With the equations 10.2 and 10.3 we can get the relations 10.9, 10.10, and 10.11 described as follows

10.8

2
A, =N, (1—1) 10.9
c
: v Ay
And from this we have the formula of speed —=/—_|—* 10.10
c Ay
Ap=Ap=\A A} 10.11

Applying 10.10 and 10.11 in 10.6 we have

7\‘ 2
waD\/I{J— /—Aj 10.12
A
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From 10.8 and 10.12 we conclude that A , <A, <A, <A<A,. 10.13

So that we the values of A , and A',, obtained from the Ives-Stiwell experience we can evaluate A,, A,

Y and conclude whether there is or not the space deformation predicted in the Theory of Special Relativity.
c

§11 Transformation of the power of a luminous ray between two referencials in the Special Theory of
Relativity

The relationship within the power developed by the forces between two referencials is written in the Special
Theory of the Relativity in the following way:

. Fi-VF
Frip=247V% 11.1

vux
-
)

The definition of the component of the force along the axis x is:

dt dt dt dt

For a luminous ray, the principle of light speed constancy guarantees that the component ux of the light
speed is also constant along its axis, thus

11.2

x dx , , dux dm

— = — =ux = constant, demonstrating that in two —— = zero and Fx = —ux 11.3
tdt dt dt
The formula of energy is £ = mc” from where we have — = — 11.4

dt ¢ dt
- dE - . o = UX
From the definition of energy we have 7 = F.u that applying in 4 and 3 we have Fx=F.u— 115
t c

Applying 5 in 1 we heve:

~ (= _\vux
Fla'= .
vux
J Pdand
— = dE’ dE
From where we find that F'u'= F.u or =— 11.6
dt’ dt

A result equal to 5.3 of the Undulating Relativity that can be experimentally proven, considering the ‘Sun’ as
the source.

§12 Linearity

The Theory of Undulating Relativity has as its fundamental axiom the necessity that inertial referentials be
named exclusively as those ones in which a ray of light emitted in any direction from its origin spreads in a
straight line, what is mathematically described by the formulae (1.13, 1.18, 8.6 e 8.7) of the Undulating
Relativity:

— _ux’_:—:uy’—:—:uz 113
x'dx v vy ody z' dZ L

; =dt' :u'y',7=dt,:uz 1.18

Woldemar Voigt wrote in 1.887 the linear transformation between the referentials os the observers O e O’ in
the following way:
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x=Ax'+Bt 12.1
t=ExX+Ft 12.2

With the respective inverted equations:
, F -B

X = X+ t 12.3
AF — BE AF — BE

-F A
= X+ t
AF — BE AF — BE

!

12.4

Where A, B, E and F are constants and because of the symmetry we don’t consider the terms with y, z and
y,Z.

We know that x and x’ are projections of the two rays of lights ct and ct’ that spread with Constant speed ¢
(due to the constancy principle of the Ray of light), emited in any direction from the origin of the respective
inertials referential at the moment in which the origins are coincident and at the moment where:

t=t =zero 12.5

because of this in the equation 12.2 at the moment where t' = zero we must have E = zero so that we also
have t = zero, we can’t assume that when t' = zero, X’ also be equal to zero, because if the spreading

happens in the plane y'z’ we will have x’ = zero plus t'# zero.

We should rewrite the corrected equations (E = zero):

x = AxX'+Bt 12.6
t=Fr 12.7
With the respective corrected inverted equations:
, x Bt
X=——— 12.8
A AF
, ¢
t'=— 12.9
F
If the spreading happens in the plane y’ zZ’ we have x’ = zero and dividing 12.6 by 12.7 we have:
x B
—=—=v 12.10
t F

where v is the module of the speed in which the observer O sees the referential of the observer O’ moving
alongside the x axis in the positive way because the sign of the equation is positive.

If the spreading happens in the plane y z we have x = zero and dividing 12.8 by 12.9 we have:

X_B__,..B_,
= =—V or =V 12.11
t' A A

where Vv’ is the module of the speed in which the observer O’ sees the referential of the observer O moving
alongside the x’ axis in the negative way because the signal of the equation is negative.

The equation 1.6 describes the constancy principle of the speed of light that must be assumed by the
equations 12.6 to 12.9:

x’—c’t? =x"=c’t"’ 1.6
Applying 12.6 and 12.7 in 1.6 we have:
(Ax'+Bt') =’ Ft? = x"? 1"

From where we have:
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2

B® 2ABx'
(AZx'Z)—czt'Z {Fz B X } — ' _e?
c ct

B’ 24Bx
where making A? = 1 in the brackets in arc and {FZ -

2

3 } =] in the straight brackets we have
c c’t

the equality between both sides of the equal signal of the equation.

B’ 2ABX B’ 2Bx
AppllyingA=1in | F’ ———=—— =1 wehave F’ =]+—+—— 12.12
c ct' c c’t
. . B B ,
Appllying A =1 in 12.11 we have ZZTZBZV 12.11

That applied in 12.12 suplies:

12 [
/ v 2V'x

F = ]+—2+T:F(X',l') 12.12
c c’t'

as F(x, t) is equal to the function F depending of the variables x’ and t'.

Applying 12.8 and 12.9 in 1.6 we have:

2 2
x2—02t2=£—£ _chz
A AF F

From where we have:

? 1 B’ 2Bx
x?=c’t’ = x -t —— +
A° F? A’C’F?  A’C’Ft
B’ 2Bx

1
where making A% = 1 in the bracket in arc and {— }: 1 in the straight bracket we

- +
F? AC’F°  AC°Ft
have the equality between both sides of the equal signal of the equation.

, . B’ 2Bx
Applying A=1and 12.10in | —

- +
F? A’¢’F?  A’C’Ft
B B
2
% 2vx
Vit e o
c ct

as F(x, t) is equal to the function F depending on the variables x and t.

} =] we have:

Fe = F(x.1) 12.13

We must make the following naming according to 2.5 and 2.6:

12 r ot

k=14 42X K 12.14
c ct
v 2wx 1

K=l+———F—=F=—\x 12.15

¢’ 't \/E

As the equation to F(x’, t') from 12.12 and F(x, t) from 12.13 must be equal, we have:
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V' x'

12.16
v 2wx
-

Thus:

2 12 [
\/1+V—2—2¥-\/1+V—2+2” =l or VK K =1 12.17

2
c c’t c ct

Exactly equal to 1.10.

Rewriting the equations 12.6, 12.7, 12.8 and 12.9 according to the function of v, v’ and F we have:
x=x+'"t 12.6
t=Frt 12.7

With the respective inverted corrected equations:

xX'=x—-vt 12.8
, ¢
'=— 12.9
F
We have the equations 12.6, 12.7, 12.8 and 12.9 finals replacing F by the corresponding formulae:
x=x'+'t 12.6
, Vi v
t=t'\1+—5+— 12.7
c c’t

With the respective inverted final equations:

xX'=x—-vt 12.8

, v 2wx

t'=t,|1+ =5 12.9
c c't

That are exactly the equations of the table |

!

B ’ A ] 14 !
As v= F and V' = B then the relations between vand v’ are v = F or V=v.F 12.18

We will transform F (12.12) function of the elements v, x’, and t’ for F (12.13) function of the elements v, x
and t, replacing in 12.12 the equations 12.8, 12.9 and 12.18:

12 [ 2 —
F=\/]+v2 2v2x B ]+(vF2) +2va vt)
c c't' c 2 1
c RN
F

VvIF? 2wF? 2Vv'F? 2wF? VF?
F=l+—F+ ———— =1+ -—

c c’t c c’t c

29/172



2wF? VF? ‘F?  2wF? 1
X v - Ny —— vxz =]=F=

F?=1+=—
c't c c c't v: Jwx
-

1+
c c’t
That is exactly the equation 12.13.

We will transform F (12.13) function of the elements v, x, and t for F (12.12) function of the elements v’, X’
and t’, replacing in 12.13 the equations 12.6, 12.7 and 12.18:

1 1 1
F - 2 - 2 - 2 2
v: 2vx ! (' V' 2V'x' 2V
\/1+2_2 1+L1 _ZV(x-H)t) \/1+ 2p2 2ap2  2p2
c ct cc\F c’FFt c’F° c¢ct'F° c¢F
1 V'’ V' x! Vi vy
F = = F’ |-—F——-—F—— |=I=>F=|l+—5+——
V2 V' x c’F2 ct'F c c’t
- 22 2 2
c'F' ct'F'
That is exactly the equation 12.12.
We have to calculate the total diferential of F(x’, t') (12.12):
oF oF
dFf = —dx'+—dt'
ox' ot'
as:
oF I v g oF I Vv X 1219
_ = and —=—=—— .
ox' Kt ot K tt
we have:
I 1 Vv X
dF = 3 dx'— EOTT !
VK et JK' ¢t t
where applying 1.18 we find:
1 v 1 Vv dx
dF = 5—dx'— s———dt'=0 12.20
VK ¢t VK et dt
From where we conclude that F function of x’ and t’ is a constant.
We have to calculate the total diferential of F(x, t) (12.13):
oF oF
dF = —dx+—dt
Oox ot
as:
oF 1 v oF 1 v x
_=_3—2 and —:——3 —2— 12.21
ox 2 ¢t ot Sttt
we have:
1 v l v x
dF=—3—2dx——3—2—dt 12.22
= c't ~ctt
K-’ K?
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where applying 1.13 we find:

From where we conclude that F function of x and t is a constant.

The equations 1.13 and 1.18 represent to the observers O and O’ the principle of constancy of the light
speed valid from infinitely small to the infinitely big and mean that in the Undulating Relativity the space and
time are measure simultaneously. They shouldn’t be interpreted with a dependency between space and
time.

The time has its own interpretation that can be understood if we analyze to a determined observer the
emission of two rays of light from the instant t=zero. If we add the times we get, for each ray of light, we will
get a result without any use for the physics.

If in the instant t = t' = zero, the observer O’ emits two rays of light, one alongside the axis x and the other
alongside the axis y, after the interval of time t’, the rays hit for the observer O’, simultaneously, the points A,
and A, to the distance ct’ from the origin, although for the observer O, the points won’t be hit simultaneously.
For both rays of lights be simultaneous to both observers, they must hit the points that have the same radius
in relation to the axis x and that provide the same time for both observers (t; = t, and t'y = t'5), which means
that only one ray of light is necessary to check the time between the referentials.

According to § 1, both referentials of the observers O and O’ are inertial, thus the light spreads in a straight
line according to what is demanded by the fundamental axiom of the Undulating Relativity § 12, because of
this, the difference in velocities v and v’ is due to only a difference in time between the referentials.

/
A=t 1.2 V==L 1.4
t t
We can also relate na inertial referential for which the light spread in a straight line according to what is
demanded by the fundamental axiom of the Undulating Relativity, with an accelerated moving referential for
which the light spread in a curve line, considering that in this case the difference v and v’ isn’t due to only the

difference of time between the referentials.

According to § 1, if the observer O at the instant t = t' = zero, emits a ray of light from the origin of its
referential, after an interval of time t;, the ray of light hits the point A; with coordinates (x4, y4, z4, t1) to the
distance ct, of the origin of the observer O, then we have:

2 Jvx
t'=t, [1+¥5 -

c c't

After hitting the point A; the ray of light still spread in the same direction and in the same way, after an
interval of time t,, the ray of light hits the point A, with coordinates (x; + Xo, y1 + Y, Z1 + 25, t; + 1) to the
distance ct, to the point A,, then we have:

X 2 2wx 2 2wx 2
X_dy_ N —2=ux:>\/1+v———’=\/1+v———2= [+ Y vux

t dt tl t, 't <

and with this we get:

2 2wx 2
t,=t, [1+Y5 -2 =t, 1+"—2—2v—§‘x
c c't, c c
2vx 2 2v(x, +x
1+t =t, 1+ ! +——2"”x =(¢,+1,),[1+ 2"”“ =(t, +t, \/1+—2——2(’ 2)
¢ (t1+t2)

The geometry of space and time in the Undulating Relativity is summarized in the figure below that can be
expanded to A, points and several observers.
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0, 0=0 0, X

]
t=t = zERO
In the figure the angles have a relation y=¢'—¢ and are equal to the following segments:

1
P

O,to O=0' isequalto O=0' t0 0y (0,<>0',=vt,=V't"))

O,t0 Ojisequalto O'1to O, (0, <> 0, =v(t, +t,)=V(¢',+t',)—>vt,=V't',=0,<>0,+0',<>0',)
And are parallel to the following segments:

O, to A, is parallel to O, to A,

O, to A, is parallel to O’ to A,
X =X'"isparallelto X,=X",

The cosine of the angles of inclination ¢ and ¢’ to the rays for the observers O and O’ according to 2.3 and
2.4 are:

ux _v
cosd—v/c
ux L4 =cosd'= Zd)
f 2vux / 2vux \/ +v—2—&cos¢
¢ c
cosd)—v/c
cosp)=——"—— 12.23
VK
sen
And with this we have: send’= 0 12.24
VK
[ !
"4y D cosd'+v'/c
ux= UXAY === c2 < = cosd=
\/1+2+2V 2 ¢ \/] V2 2‘”;)6 \/1++2vcos¢’
c c c c c c
cosd'+v'/c
cosd):d)— 12.25
[K!
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send’

And with this we have send= 12.26
/KI
The cosine of the angle y with intersection of rays equal to:
vux viu'x' v v’ '
]—7 ]+7 ]—ECOSd) ]+;COS¢
cos\y = = = = 12.27
VK VK’ VK VK’
sen ' send’
And with this we have: seny =Y §_y'send 12.28

cVK ¢ JK'

The invariance of the cosy shows the harmony of all adopted hypotheses for space and time in the
Undulating Relativity.

The cosy is equal to the Jacobians of the transformations for the space and time of the picture I, where the
radicals

2 12 r ot
VK = 1+v_2_2_12/x and vK'=_[1+ LA 2v'x are considered variables and are derived.
c't

c c’ c’t
I 00 -V
i Vot 0 10 0 ] pvux
ox’ o(xyzt) |—v/e? 001 (]+ﬁ_ vxj JK JK
| «/E «/Ek ¢’ c’t
] 00 V, rr [
1 1+5 4 YX
cosy=J'= ox' _ Ox.y.2.1) = g 0? 8 __ ¢’
v=J= 1 . - - 8.8
ox' a(x Yz ’t) V,/C2 00 1 (]_'_V'Z +V,X'j VK’ VvK'
| VK' JE'U e

§13 Richard C. Tolman

The §4 Transformations of the Momenta of Undulating Relativity was developed based on the experience
conducted by Lewis and Tolman, according to the reference [3]. Where the collision of two spheres

preserving the principle of conservation of energy and the principle of conservation of momenta, shows that
the mass is a function of the velocity according to:

m=

)

2
C

where m, is the mass of the sphere when in resting position and u = |L7| =+/u1 the module of its speed.

Analyzing the collision between two identical spheres when in relative resting position, that for the observer

O’ are named S’y and S’, are moving along the axis X in the contrary way with the following velocities before
the collision:

Table 1

Esphere Sy Esphere S’,

u'x',=v' u'x,'=-v'

u'y',=zero u'y',=zero

u'z',=zero u'z',=zero

For the observer O the same spheres are named S; and S, and have the velocities

(uxj, ux,, uy;, =uz, :zero) before the collision calculated according to the table 2 as follows:
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The velocity ux, of the sphere S, is equals to:

. = u'x', +v' _ v+ _ 2
1 - - - -
12 2v'u’x' 12 1o 12
\/I+V N ! ]+v2 +2v2v ]+3v2
¢’ ¢’ c c c

The transformation from v’ to v according to 1.20 from Table 2 is:

! ! !

V= \% _ % _ \%
2 2vu'x 12 PN 3 12
V' / % vy %
\/1+2+2 I+ +== 1+
c c c c c
That applied in ux, supplies:
v!
ux; =2 —=———==|=2v
3
c
The velocity ux, of the sphere S; is equal to:
u'x',+v' —v'+v
W= Vo 2v'u'x, - v 2v(=V) -
I+ 5 +———= |+ 5+
c c c c
Table 2
Sphere S; Sphere S,
!
ux, :—2v3 ==2V
% Ux, =zero
/]+ > 2
c
uy,=zero uy,=zero
uz,=zero uz,=zero

For the observers O and O’ the two spheres have the same mass when in relative resting position. And for
the observer O’ the two spheres collide with velocities of equal module and opposite direction because of

this the momenta (p’1=p'2) null themselves during the collision, forming for a brief time (At’) only one
body of mass

— ’ !
m,=m',+m',.

According to the principle of conservation of momenta for the observer O we will have to impose that the
momenta before the collision are equal to the momenta after the collision, thus:

mux, +mux,=(m, +m, Jw

Where for the observer O, w is the arbitrary velocity that supposedly for a brief time (Al) will also see the

masses united (m:m, +m2) moving. As the masses m, have different velocities and the masses vary

according to their own velocities, this equation cannot be simplified algebraically, having this variation of
masses:

To the left side of the equal sign in the equation we have:

u=ux,=2v
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m m m

U=Uux,=zero

m

o —

ST A

To the right side of the equal sign in the equation we have:

u=w

_ mo _ mu mu

m m

0 0

Applying in the equation of conservation of momenta we have:

mux, +m,ux, =(m, +m, )w=m,w+m,w

m m m
—— 0=———=Wt——=w
_4v j_w- j_w-

2 2 2
C C C

From where we have:

2v+m,.

2771:(\22 _ 2m,,w2 - v4 - w :
-7V \/I—W \/1— L4 \/I—W
\/ C2 02 C2 C2
w=%
3v
-2V
C2

As w#v for the observer O the masses united (mzm, +m2) wouldn’t move momentarily alongside to the

observer O’ which is conceivable if we consider that the instants Az # At are different where supposedly the
masses would be in a resting position from the point of view of each observer and that the mass acting with

velocity 2v is bigger than the mass in resting position.

If we operate with these variables in line we would have:

mux, +m,ux,=(m, +m, )w=m,w+m,w

m, 2V

7 U= w=
e
]_L % ¢ CZ ¢

3y
c

2
C
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2myV' _ 2myw

3V’ \/ w
1+~ 11—
\/ ¢ ¢’
2myV' 2m,w

From where we conclude that w=1" which must be equal to the previous value of w, that is:

_3

2
C

A relation between v and v’ that is obtained from Table 2 when ux, =2v that corresponds for the observer O
to the velocity acting over the sphere in resting position.

§14 Velocities composition
Reference — Millennium Relativity

URL: http://www.mrelativity.net/MBriefs/VComp Sci Estab Way.htm

Let’s write the transformations of Hendrik A. Lorentz for space and time in the Special Theory of Relativity:

! !
X'= x—vt2 » =X EVL s
1_% la ]_% .oa
c c
y'=y 14.1b y=y 14.3b
z'=z 14.1c z=z 14.3c
VX v vx!
=% r+Y
2 2
f=—=te | 142 | t=—== | 144
% \%
]—C—Z I—C—2

From them we obtain the equations of velocity transformation:

U = UX=V wp= WX +V
]_vux 14.5a ]+vu'x' 14.6a
c’ c
2 2
uy ]—V—Z u’y',/]—v—z
uy=—>—C_| 1450 | yy=— < | 146b
I—M ]+M
2 2
c c
2 2
uz,/]—v—2 u'z',/]—v—z
wz=—"—C_ | 145c | uz=—"1—-C_ | 146¢c
P [+ VX
c c

Let's consider that in relation to the observer O’ an object moves with velocity:

u'x'=15.10"km/s(=0,50c).
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And that the velocity of the observer O’ in relation to the observer O is:
v=15.10"km/s(=0,50c).

The velocity ux of the object in relation to the observer O must be calculated by the formula 14.6a:

_u'x'tv _ 15.10°+15.10° _ B
ux_1+M_]+1,5.105.1,5.105 =2,4.10"km/s(=0,80c).
2
‘ (30.10°)

Where we use ¢=3,0.10° km/s(=1,00c).

Considering that the object has moved during one second in relation to the observer O (l:1,00s) we can
then with 14.2 calculate the time passed to the observer O’:

5 5
- t(l—"”x) 1,00(1_1’5-10 .Z,jt.zzo j
2 2
S P (3’0'102) _ 060 _,p_p603s .
\/1_v2 \/]_Vf ,_(1510°) 075
c ) (30.10°)

To the observer O the observer O’ is away the distance d given by the formula:
d=vt=15.10".1,00=15.10" km.
To the observer O’ the observer O is away the distance d’ given by the formula:

0,60

0,75

To the distance of the object (do, d’o) in relation to the observers O and O’ is given by the formulae:

d'=vt'=15.10" =1,03923.10" km .

d,=uxt=2,4.10".1,00=2,4.10" km.

0.60 _

NO75

To the observer O the distance between the object and the observer O’ is given by the formula:

d'y=u'x't'=15.10". 1,03923.10° km.

Ad=d, -d=24.10°-15.10"=0,90.10" km .
To the observer O the velocity of the object in relation to the observer O’ is given by:

Ad _0,90.10° km

=0,90.10° km/ s (=0,30c)
t 1,00s

2
Relating the times t and t' using the formula #'=t_ /]—V—Z is only possible and exclusively when ux=v and
c

u'x'=zero what isn’t the case above, to make it possible to understand this we write the equations 14.2 and
14.4 in the formula below:

t(]—vcos d)) t'(]+vcosd)')
f=——rie? | 142 | 1= — 14.4
=Y =Y
2 2
c c
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X x'
Where cos¢p=- and cosd’'=——.
ct ct’

The equations above can be written as:
t'=f(t.9) e t=1"(¢'.9) 14.7

In each referential of the observers O and O’ the light propagation creates a sphere with radius ¢t and ct’
that intercept each other forming a circumference that propagates with velocity c. The radius ¢t and ct’
and the positive way of the axis x and x' form the angles ¢ and ¢’ constant between the referentials. If for
the same pair of referentials te angles were variable the time would be alleatory and would become useless
for the Physics. In the equation t’:f(l,d)) we have t' identical function of t and ¢, if we have in it ¢
constant and t’ varies according to t we get the common relation between the times t and t' between two
referentials, however if we have t constant and t’ varies according to ¢ we will have for each value of ¢

one value of t" and t between two different referentials, and this analysis is also valid for t=f'(t’,¢’).

Dividing 14.5a by ¢ we have:

1t oy COS¢_Z
UX _ € € —cosd'= c 1as
vux v
¢ 1--5 1->cosd
c c
! !
Where cosp=2=4X and cosp'=X-=UX
ct ¢ ct' ¢
Isolating the velocity we have:
cosh—cosQ’ ux —u'x'
i ) o v=———77 14.9
¢ (I-cosdcosd’) | WX
2
c

From where we conclude that we must have angles ¢ and ¢’ constant so that we have the same velocity
between the referentials.

This demand of constant angles between the referentials must solve the controversies of Herbert Dingle.
§15 Invariance

The transformations to the space and time of table I, group 1.2 plus 1.7, in the matrix form is written like this:

X 100 —v | x
¥y (010 0 |y
217001 0 [ 151
] 1000VK | ¢
That written in the form below represents the same coordinate transformations:
x' 100-v/c| x
¥y (010 O y
7 |7{001 0 z 15.2
ct'| 1000 VK |t
We call as:
x' x" 100-v/c X x!
' 12 2
X'=x"= JZ}, =%, 1, a=a; 8(1)(1) 8 , x=x'=|7 |= * 15.3
X z X
ct'| |ex™ 000 VK ct| |ex?
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That are the functions x"=x" (xf ):x” ()c1 ,x2,x3, ex? )=x'i (x,y,z,ct) 15.4

That in the symbolic form is written:

4
x'=«a .x orin the indexed form x”=Zaijxf :>x”=al.jxf 15.5
j=1

Where we use Einstein’s sum convention.

The transformations to the space and time of table I, group 1.4 plus 1.8, in the matrix form is written:

! !

X 100 V' | x
y| |010 O |y
2 Floo1 o |2 156
t] |ooovK |
That written in the form below represents the same coordinate transformations:
X 100V/c| x'
y| (010 O |
271001 0 | 2 15.7
ct| 000K | cr
That we call as:
x x! 100v/c x' x"!
2 ! 12
x:xk: y = x3 , a’:a'kl: 8(1)(1) 8 : x’:x": y, = x[} 158
z X z X
ct| |ext 000VK' ct'| |ex*
That are the functions x* =x* (x" )=x" (x” , X2, x",ex' )=x" (x',y',z',ct') 15.9
That in the symbolic form is written:
4
x=a'.x" or in the indexed form x* :Za'kl X' =x* =a', x"! 15.10
I=1
2 1 12 ol
Being VK = 1+ -2 (1.7), V&K'= [1+2+2Y> (1.8) and VK AK'=1 (1.10).
c Cc X C c X
The transformation matrices o = ; and a'=a',; have the properties:
4 100-v/c 100V /c 1000
" .o , {010 0 JJ010 0 |_|0100|_,_.i
/= 000 VK J000K'| |0001
4 1 000 1 00 0 1000
[t . , | 0 100 0 10 0 | |0100| , </
aa —aj,-a,k—Zaﬁaik— 0 01 0 0 01 0 [Floo1o|7/=% 15.12
il —v/c00K |v/c00K'| 0001

Wherea' = « ;; is the transposed matrix of & = ¢, and a" =a', is the transpose matrix of &'=a',, and

O is the Kronecker's delta.

10
a’.a:a’k,a,-j:Za’k,a,j: 8(1) =I=5% 15.13
00

=1
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4

o' =a =) o=
= ,

V'/e

(1) 00

00|_,_d
0 10_1_5- 15.14
01

Where a" = ', is the transposed matrix of a'=a',, and @' = a ; is the transposed matrix of o =«

and O is the Kronecker’s delta.

Observation: the matrices o; and o', are inverse of one another but are not orthogonal, that is: aj zd'y

and a; #a'y, .

1 . ri .

The partial derivatives ai of the total differential dx”zaL,dx’ of the coordinate components that
x/ ox’

correlate according to x'[:x'[(xf), where in the transformation matrix « =« the radical VK is

considered constant and equal to:

Table 10, partial derivatives of the coordinate components:

o o [, e, e, e v
ox’ ox’ ox’ ox’ o’ ox* ¢

ox'’ o'’ ox'? 0 6x’2_1 ox'? ox'? —0

ox’ - ox’ - ox' - o’ o’ =0 oxt
ax/i _ ax/3 _ ax/3 :0 ax/3 :0 ax/3 :1 ax/3 :0
ox’  ox’ ox’ ox’ ox’ ox*
ox' ox'? | ox™_ ox'? ox'? ox' _

i A | ox! =0 >=0 7=0 ox* =K
Ox Oox ox ox

The total differential of the coordinates in the matrix form is equal to:

dx'" 100—v/c] dx'
d* | |010 0 dx’
cdx | 1000 x/E cdx’

That we call as:

dx'"! ; 100-v/c dx!
X 12 . 4 X 2
dx'=dvi=| W g gt 2O 0100 g g | 15.16
dx 7 o/ dx
cdx' 000 VK cdx*
' 1 N i j Vi 8x” i
Then we have dx'= Adx=> dx :ZAjdxf:>dx =Z—dx’ 1517
= ox’
k k
The partial derivatives % of the total differential dx* :%dx” of the coordinate components that
X X

correlate according to x* :x"(x"), where in the transformation matrix a'=a',, the radical VK'is
considered constant and equal to:
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Table 11 partial derivatives of the coordinate components:

ox* _ ox' _ ox’ _ ox’ _ ox' _ ox' _v'
ox'' ox! ox'’ ox'? ox'"’ 't e

ax/l - ax/l axll - aer - ax/3 - ax/4

oxt ox? ox’ —0 ox’ ox’ 0 ox’ 0

k 3 3 3 3 3
8xl:6xl 6x1:0 ox’ .| Ox _ ox —0
ox"  ox' ox'

aXIZ - ax/3 - ax/4

ot o' oxt g | o |ty

' o’ | ox! - ox'? ox'’ ox'

The total differential of the coordinates in the matrix form is equal to:

dx! 100v/c| dx'
dx? _ 010 O dx'"?
cdx* | |000VK' || cax*

That we call as:

dx' i 100vV'/c dx''
2 12
dr=det = B | = af SO0 000 0 e <] 4 15.19
cdx* o 000K’ cdx'*
Y ox*
Then we have: dx=A'dx'= dx* :zA'f‘ dx" = dx* :Fdx” 15.20
=1 X

The Jacobians of the transformations 15.15 and 15.18 are:

100—v/c

axri a x!l ’x!2,xr3,xr4 0 1 0 0
J:E)xj: aixl FERND x4) “loo1 o :\/E 15.21
o 000 VK
et P00V
,_oxt  olx xT,xT,xT) =
J_ax_!/_axll x!Z xr3 r4 _001 0 _\/? 15.22
T 000K

2 1 2 Gt
Where VK = |1+ 2" 0 5) K= [1+2+ 24X (5 6) and VK VK =1 (1.23).

C C C C
The matrices of the transformation 4 and A' also have the properties 15.11, 15.12, 15.13 and 15.14 of the
matrices @ and «'.

From the function ¢=g(x* ):¢':¢'[xk (x”)] where the coordinates correlate in the form x* =x*(x") we

0p _ 09 ox*

W_ﬁ_kﬁ described as:
X X Ox

have
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o0¢ _ 0P Oxk _ 0@ ox! + 0P ox2 " 0P Ox3 " 0P x4
ox'"' Oxk ox"' Ox! ox"' oOx? ox"' Ox3 ox'' Ox4 ox
0p _0¢ oxk _ 09 ox! n ¢ ox? n 09 oxs n 0¢ x4
ox'?  Oxk Ox'? oOx!'oOx'? Ox20ox'? oOx3 ox'? Ox* Ox'
00 _0p oxt _ 0 oxt , 08 o, 09 ox 04 o
ox'  Oxk oOx'3 oOx!'ox' oOx2ox" Ox3 ox'* Ox4 Ox"
09 _ 0 oxr _ 04 oxt , 09 ox> 04 aws |, OF ox
ox't  Oxk Ox'* oOx!'ox' Ox2ox'% oOx3ox' oOx* ox'

That in the matrix form and without presenting the function ¢ becomes:

[ A1 1 1 1
6x]=] 6x2 -0 6x3=0 6x4 -
ox' ox' ox' ox'
2 2 2 2
__&1:0 &2: &3:0&4:0
6¢=[a oo @ }{a o o a |ax ol ad o
a! Low! ax'? ax'? ax'? ox! ax? ax® ox? i ﬁz() o’ =0 o’ =] o’ =0
ox'! ox'? o? et
6x4 V' 6x4 ox? -0 ox? _ 1 (1, V2 , v'u'x’IJ
’] VK 6x'2 ox'? ox'? VK'k ¢’ ¢’ ]
Where replacing the items below:
ot Vi _ v
o' VK P
ax! N |
o' J?E
o ( v2 v'u’x'lJ_ax’4 ( v2 vuxlj
o't «/K’k c? o x/_k 2 P
Observation: this last relation shows that the time varies in an equal form between the referentials.
We get:
ox! —J ox! —0 ox! ox! __v_
ox'! ox'? ox'3 ox'? V?E
. ox’ -0 ox’ _; ox’ ox’ -0
o¢ { o o0 8 0 }{ o 0 0 o ol a? a? et
'l Loax'! ax'? ax'? ax'? ax! ox? ox’® ox? ] ox’ -0 o’ =0 o’ .y o’ =0
ox'! ox'? ox'3 ox'?
ox? _v ox? —0 ox? ox? __1 (]lvz vix!
! 2 ax? o ax? V?Ek 2 1

That is the group 8.1 plus 8.3 of the table 9, differential operators, in the matrix form.

From the function ¢'=¢'(x” )=¢=¢[x” (xf) where the coordinates correlate in the form x"=x" (xf) we
04" _ 99" ox'"

- described as:
ox/ Ox" Ox’

have

42/172



0 _ 0 ovi _ 08 ot OF ax:, OF axs OF o
ox! oOx" ox!' ox' Ox! Ox'? ox!' Ox'3 ox!  oOx'4 ox!
0¢' 09" ox'i 09" ox" n 0¢" ox'2 n 0f" ox'3 n 0@" ox'4
Ox2  Ox'i Ox2  Ox'! Ox2  Ox'2 Ox?  Ox'} Ox2?  Ox' Ox2
09" 0" ox'i 09" ox | 09" o' n 09" ox" n 09" ox's
Ox3 Ox'i Ox3  Ox'l Ox3 Ox"? Ox3 Ox'3 Ox3 ox™ ox3
0¢' 09" ox'i 09" ox't | 04" ox"2 n 0f" ox's 09" ox'+
Ox*  Ox'i Ox4  Ox'l Ox4  Ox'2 Ox*  Ox'} Ox4  Ox' Ox4

That in the matrix form and without presenting the function ¢ becomes:

0

0 0

1 ax2

6¢’:[a 8 0 0
ox/ Lox

a?

ox

4}{6{1 ox'? ax'3 av'? |

Where replacing the items below:

aL,1:—\}: _V,

o VK’
6x'4 — -V :1
' ANk
o' 1 ( V2

ax

[ A1 i i ¥
ox —J ox -0 ox -0 ox v
ox! o’ o 6x4
. izo axrz :] axvz _ axv2 :0
o | ox! ax?  ad !
a I3 a ’3 a I3 a I3
X" _p X' _g o _ x”
ox! ox? o’ ox?
ax'? - ax? —0 ox'? —0 ox'? _ 1 (], v2 vux!
!l 2K ox? a? ox? x/fk ol

8x4x/_kc

VUux !
c2

L[y

8x’4 x/ﬁk

) v,u,x,lJ

Observation: this last relation shows that the time varies in an equal form between the referentials.

We get:
ox'! —J ox'! _ ox'! _ ox'! __ Vv
ox! ox? ox’ ox? \/F
. ox'? -0 ox'? —J ox'? —0 ox'’ —0
%2[ o 0 0 0 }Z[ 6 0 o o |ax! ol ot af
ol L ox! ax? ox’ ox? 'l ox'? ox'? ox'? i o'’ =0 ox'? =0 o'’ .y ox'? =0
ox! ox’ ox’ ox?
ox'? v ox'? _p O 4 —0 ox'? ( V2 v’u’x’lJ
_ax] c? ox? ox’ ox* x/_k ? ]

That is the group 8.2 plus 8.4 from the table 9, differential operators in the matrix form.

Applying 8.5 in 8.3 and in 8.4 we simplify these equations in the following way:
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Table 9B, differential operators with the equations 8.3 and 8.4 simplified:

0 _0 v 0 0o __0 Vv 0

ox'' Ox!' c¢? ox* 8.1 Ox! Ox"' c¢?ox'4 8.2
0 _ 0 0 _ 0

ox'?  Ox? 8.1.1 Ox?2 Ox'? 8.2.1
0 _ 0 0 _ 0

ox'3 Ox3 812 | ox3 ox'3 8.2.2
—0 —0 —0 7 —0

cox'* cox* 8.3B | cox* \/_céx"‘ 8.4B
0 ,ux! 0 _ 0 ,ux' 0 _

o erae 0 | e e |80

The table 9B, in the matrix form becomes:

!
{a o o —a}_[a o 0 -0 8 15.23

ox' ax'? ox'® cox’* - ox' ax? ax® cox* |

1
{a o 0 —a}_[a o 0 -0 g 15.24

ox' ox? ox® coxt | | ox' ox'? ax” cox'*

The squared matrices of the transformations above are transposed of the matrices A and A’.

Invariance of the Total Differential

In the observer O referential the total differential of a function ¢(x") is equal to:

dx'!
2
dp(x* =20 it =90 411 00 2. 00 2 00 s :[iqfa—"i@—f—aﬂ } dx, 15.25
ox ox ox ox ox Ox Ox” Ox” cOx CZC
cdx

Where the coordinates correlate with the ones from the observer O’ according to x* =x* (x"), replacing the
transformations 15.24 and 15.18 and without presenting the function ¢ we have:

1 00 0 [[100v/c]| ax"
12
g g (0 0 o o 0 100 010 0 | g 15.96
axk axrl aer axr3 Caxr4 O 01 0 001 O dx'
/¢ 00K [ 000K || cax®
The multiplication of the middle matrices supplies:
1 00 0 J1o0v/e] | L 00 v/e
0 10 0 Joto o || ¢ of g 15.27
0 01 0 [[001 O |~ v dx’! '
—'/c00JK' | 000VK'| |-V/c001+ v
Cc ax
Result that can be divided in two matrices:
1 00 V/e 0 00 V/c
0 10 0 (1)‘1)88 0 00 0
0 01 0 = + 0 00 O 15.28
2vldx;l 0 O 1 O 2vldx;l
—'/c 001+ o 0001 Vv'/c00 7
dx' dx'
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That applied to the total differential supplies:

1 0 0 0 dxrl
0 00 O
99 4 o 0 & 0 ]lo100 "
d¢ 6 k x |:axrl axﬂ axr3 Cax,4:| 0 0 1 0 + 0 0 0 2v'gx’1 dx!3 1529
0001 |—v//c00=XE 1 G

Executing the operations of the second term we have:

0 00 V/c "

0 00 0 |«
{aaa a}ooo 0 | |V 2 g 8d,42vdx8dx,4
ox' ax'? ox'? cox'* 2 dx"! dx”? c? ox' ox'! c? dx'* ox't

v/e00 =0 | caxt

Where applying 8.5 we have:

VO gLt 0 Yy 2vdxt & g

c? ox'4 \e2 di'4 ox'4 c? dx'4 ox'4

Then we have:

0 00 V/c

dxrl
0 00 0 i

{5’1 00 5,4} 000 0 A cor 15.30
Ox"' Ox'* Ox"” cox 2v'dx’ r

—v/c00 = | i

With this result we have in 15.29 the invariance of the total differential:

o 1000 dx’; o0
k| 0 0 0 0 |o100f ax |_0¢ ,i_
= ox* PR {GX'I ox'? ox"? cax’4:| 0010 ax” | ay! dx"=dg 15.31
0001 | ey
In the observer O’ referential the total differential of a function ¢(x”) is equal to:
xrl
[ ' ! ! ! ’ 2
d¢r(x!1)=a_¢_d a¢ Z_dx !1+ a¢2 dx !2+ a¢ dx 73 ¢4 |:a¢1 8¢2 a¢3 a¢4:| dx,3 1532
axn ax a ax a ! ax! axr axy cax, ddx,4
cax

Where the coordinates correlate with the ones from the observer O referential according to x" =x" (x-f )
replacing the transformations 15.23 and 15.15 and without presenting the function ¢ we have:

1 00 0 [100-v/c]| ax'

aw,[aaaa 0100 0100 dx>
dp=—"dx'=| L <L < ; 15.33

ox'" ox! ax? ax?® c@x“} 0010001 dx

v/c00JK [ 000 J_ cdx*

The multiplication of the middle matrices supplies:

100 0 J100-v/c] | L 00 —v/e
0010|001 0 |7 o] :
v/c00NK 000 VK v/cOOl——d4

c ax

Result that can be divided in two matrices:
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1 00 —v/c 0 00 —v/c

010 0 (1)(1’88 000 0

001 0 |= + 000 0 15.35
2vdx! 0010 2vdx!

v/c001-221 10001 |v/c00-222
cdx cdx

That applied to the total differential supplies:

0 00 —v/c

1000 dx'
000 O
, 04 . [0 & 0 o0 ||lo100 dx*
d¢:aj"dx :{Q&C_z&?cax“} o010 © 00 0|l ar 1%
0001 [v/c00- Zvdx4 cdx’®
X

Executing the operations of the second term we have:

0 00 —v/c !

o0 0 01000 0 oo 0 o .4 2vdx' o
{——— } 000 O x :L—dx —v—dx* ———dx
ox' ox? ox® cox? /00 2vdx! 5?4 c? ox? ox' c? dx* ox’

v/cC - n cdx
cdx

Where applying 8.5 we have:

0 dx4=zero
c? dx* ox*

v 0 .4 1 dx! )@’ 2v dx!
c? ox* d v\ c? dx4 ox*4

Then we have:

0 00 —v/c

dx'
0 00 O
{ﬁii g } 000 O dxi =zero 15.37
ox' ox? ox? cox* 2vdx' || 4%
v/e00-200 | eyt

With this result we have in 15.36 the invariance of the total differential:

¢ 1000 dx; o0
i 0 0 0 0 (0100] dx j
d X' =| ———— =—"dx’ =d 15.38
= ox'"! [le ox?* ox? c@x“} 0010 gx’ ox’ ¢
0001 || caxt

Invariance of the Wave Equation

The wave equation to the observer O is equal to:

2 2 2 2 2
vig_ L 08 _op o | op 1 o _[5535} -0 15.39

T 6()64)2 _a(xl)z a(x2)2 I 6(x3)2 c’ 6(x4 )2 L ox' ox? ox® cox?

coo~—
co~o
o—~oco
lLooco
o
|5
)
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Where applying 15.24 and the transposed from 15.24 we have:

0
| Far
104 [0 0 a8 o 910006700 e
Vg 2 0 1 2 3 4 001 0 00100100
c 6(x4) ox" ox'” ox'” cox' _VIOO\/F 000-1 001 O 0
— —_— ,3
c 000VK' | &
cox' |
The multiplication of the three middle matrices supplies:
r v
0 10 0 [1ooofroo=rl B0 T
0,01 0 15570010 0 1= §of
- ; 1
_ -1 ’ 9%+
" 00\/? 000 000\/? V' 00-1 2v124x
C
Result that can be divided in two matrices:
- -’
1oo == 10007 %% =
010 0 10100 + 000 0
001 0 10010 000 0
—_\/’00_1—2V’L21’x'1 000-1 —_v’OO —2v'u'x"!
c c c
That applied in the wave equation supplies:
000 =¥ &
. 1000 ¢ 0
Vz¢18¢:8688 0100+000 0 ox'?
c? 8(x4)2 ox" ox'? ox cox't || 0010 000 0 0
000-1 —_\/’00 —2v'u'x" 6)67
C cz 5
L eox' |
Executing the operations of the second term we have:
R
’ B 1
000 —~ 5
C
[aaaa}ooo 0 awr|__v.o o vV o a wux &
ox'' ax'? ax? cox* ] 0 00 0 . 0 ccox'ox't cfoaxox't ¢ 6(x’4)2
- -2v'u'x’' '3
—00—5— Ox
c c i o
cox'* |

Executing the operations we have:

2V 0 0 Vu'x"" 02
cr ox'"'ox't c? ¢? a(xm)z

Where applying 8.5 we have:
2v'( u'x't 0 \ 0 Wu'x''t 02
c2\ 2 x4 lox't 2 ¢ 8()6'4)2

=zero
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Then we have:

000 — P
c —
o 0 & 0 | 000 0 a? |
ax/l 8x/2 ax/3 cax/4 000 0 0 - zero
__vr 00 _2vrurx;l axT
C cz

cox' |

With this result we have in 15.43 the invariance of the wave equation:

9
oot
; 10007 _© ,
vig L o :[a o 8 0 }0100 x|y L o¢’
c’ 8(x4)2 ox'' ox'* ox" cox'* 88(1)_01 % ¢’ 8(x’4)2
4 ox
Lcox'* |

The wave equation to the observer O’ is equal to:

. 1 a¢/2 _ a¢;2 L 6¢;2

Vi

Cole' ] o'} o) oY < aletY

g
1 097 o & 0 @ (1)(1)88 6'2
_[ax,lax,zaxacax,at}o()lo 6){% =0 15.46
000-1] PWE
0
cox'* |

Where applying 15.23 and the transposed from 15.23 we have:

10

., 1 0¢° [0 0 8 o 0!
V¢ 2 - 1 2 3 4 00
c 5(x'4)z Ox* Ox” Ox” cOx Yo

¢

1 v 100 2
198 0 oo ofioo 2] 1002
001 0 8(1)‘1)8 010 0 |00 9
Yook [000-1]20L O | |} 2y
c 000K | [L00-142%
C

Result that can be divided in two matrices:

v v
1o 2 10007 200 ¢
010 0 10100 +000 0
001 0 1001 0 000 O
X00—1+2vux1 000-1 3002vux1
C cz C cz
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That applied in the wave equation supplies:

SO O

veg_ L 04" _{a o 0 a}

0
_ 0
c? a(x"‘)z ox' ox* ox’ cox* (1)

Soo—
SO~ O

1

000 Y

C
000 0
000 0
ZooZvuxl

c

c

Executing the operations of the second term we have:

0

v 0 0

1 2
_2vux. 0

000 %
[iiia}oooo _v d
ax' ax? ox’ cox* | 000 01

v002vux

=002

c c

Executing the operations we have:

2v 0 0 ,2vux! 02

c2ox! dxt ¢ ¢2 a(x4)2

Where applying 8.5 we have:

ZV{—uxl 0 \8  2vux! 02

c2\ 2 x4 /ot o2 2 8(}64)2

=zero

Then we have:

0]

v | ex!

000 2 1o

0.0 0 0 ]000 0 |ar|
ax' ox? ox’ coxt | 000 0 0 —Eere

KOOZVux1 ax_a

¢ e

ox* |

ox'

9

ox? | + +

O | Faxtoaxt Faxtaxt F et 8(x4)2
o’

0

Lox* |

Then in 15.50 we have the invariance of the wave equation:

SO O

Vgl og” :[a o 0 a}
c’ 6(x’4 )2 ox' ox® ox’ cox*

So o~
SO —O
O~ OO
L

=V

1 o0¢

ol

Invariance of the equations 8.5 of linear propagation

Replacing 2.4, 8.2, 8.4B in 8.5 we have:

0 ,ux! 0 _ 0O

v 0, l(u'x”w')m 0

Ox! 2 Ox* ax'' c2ox't 2 JK'

ox'4

=zero
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Executing the operations we have:

0 ux' 0 _ 0 V' 0 +u'x'l 0 +v' 0
ox! c¢? ox* oOx"' crox't ¢ oOx'* c?ox't
That simplified supplies the invariance of the equation 8.5:

=zero

O jux! 0 _ 0  ux" 0
ox! ¢2? ox* ox'' c¢? ox'4

=zero

Replacing 2.3, 8.1, 8.3B in 8.5 we have:

o0 ux' 8 _ 0 . v o  1w'=v) =9
: =— : K——=
ox'l 2 ox't Ox' c2ox* ¢ JK \/_8x4 zero

Executing the operations we have:

O ,ux" 0 _ 0 v 0 ux!' 0 v 0O
ox'' ¢ ox'4 oOx! c?ox* c? oOx* c?oxt

=zZero

That simplified supplies the invariance of the equation 8.5:

O  ux" 0 _ 0  ux' 0
ox't 2 ox't ox! c? Ox*

=zero

The table 4 in a matrix from becomes:

px 100-v/c| px'
2 2
px’ _ 010 O px
% “1001 0 px
| E'/c 000 \/? E/c
px' | T100v/c] px"
px-|_ 010 O px'2
px? ~[001 0 o’
| E/c OOO\/F E'/c

The table 6 in a matrix form becomes:

[y 100—v/c| Jx'
T 1010 0 | g2
J'x*71001 O Il
ep' | 1000 VK || cp

('] [100v/c] ot
Jx? 010 0 | jx?
J2171001 0 J'x"?
co | [000VK | ¢p

Invariance of the Continuity Equation

The continuity equation to the observer O is equal to:

Jx!
Op oK' an oK & _[iii 0 } e

oxt  ox! I ox? I ox? |8x4_ Jx’

V.J+
ox' ox* ax® coxt
cp
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Where replacing 15.24 and 15.56 we have:

1 00 0 [[100v/c]Jx"
- 0p [0 0 o0 0 0 10 0 0100 J'x"?
c00

— =zero
6x4 6x,1 6x¢2 6x¢3 cax¢4 001 J’ 3

JK' 000\/?

The product of the transformation matrices is given in 15.27 and 15.28 with this:

) 1000 8 88 Véc !
Tt e [Dotof| © 00,0 17
0001] |=v/c00= 2| 0y
C
Executing the operations of the second term we have:
0 00 Vv/ec .
0 00 o0 |[I* ! ;
[aaa 8}000 0 |t |__yan! vop avux op
ox" ox'* ox" cox' ! X ¢t ax't ox”! ¢t o
V/e00 =22 | ey

Cc

Where replacing Jx''=p'u’x"" and 8.5 we have:

Viu'x't 0p" ,( Wx' 0 |, 2vu'x" Op'
v lo'

cz ox't \ 2 ox't c?  ox'4 —zero
Then we have:
808 T
{8 0_0 0 } 0 00 0 J: :j =zero
ox' ox'? ox" cox'* ' X

—v/c002 e

With this result we have in 15.59 the invariance of the continuity equation:

A 1000 J'x'; A

-~ Op 0 0 0 0 |[[0100|Jx?| &, Op

VJ+——= v.J

J+8x4 [6x’1 ox'* ox"? c@x"‘} 0010 gy +8x'4
0001 ¢cp'

The continuity equation to the observer O’ is equal to:

Jlxll

GO0 _orx" oJ'x aJ'x”  op' :[ 0 _0 0 0 } J'x"”?
ot o at ax”? ax't Lox! ox'? ox” oeon J')C"3
cp

.41

=zero

Where replacing 15.23 and 15.55 we have:

1 00 0 [100—-v/c| Jx'

[ ! 2
V.J,+5p _| 0 06 0 0 010 0 010 O | — zero
ot Lo ax?axcaxt ] 0 01 0 JO01 0

v/c00NK 000 VK | cp
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The product of the transformation matrices is given in 15.34 and 15.35 then we have:

0 00 —v/c 1

1000 Jx
o 000 0 :
G Ll 02 0000k 0 00 0 )
e ene 0001 [veoo -2,

C

Executing the operations of the second term we have:

0 00 —v/c 1

000 0 [ 1 :
{iii 0 } 0 00 O Jx*|_ v dJx vop 2vux' Op
ox' ox? ox? cox? 2vux' |ttt oot

V/C 00— 2 cp

c

Where replacing Jx!=pux' and 8.5 we have:

vux! Op {uxl 0 ) 2vux! Op —zero

c? Oxt \ 2 x4 c? ox*

Then we have:

0 00 —v/c Iy

000 0 ,
{i}%i} 64} 000 0 | |—zero
Oox Ox~ Ox” cox 2vuxt || /X

v/cOO——2 cp

Cc

With this result we have in 15.64 the invariance of the continuity equation:

5 1000 Jx; 5

- ' [a 0 o o oloo|m| o= o

V.J = —— =V.J+—

+6x’4 [axl ox? ox? c@x“} 0010 s’ +6x4
0001 cp

Invariance of the line differential element:

That to the observer O is written this way:

1

2(12(2)2 3)2( 4\ [1 2 4.3 4](1)(1)38 Z;Cz
(ds) :dx)+dx +(dx —lcdx ) = |dx dx” dx’ cdx 0010 || 4y’
00011 caxt

010 o [10007100 2 av

(dsY =[x ax? ax?cav] 001 o |91900010 0 | 4,
, 001 0 e
Yooy 0001|001 Q| 7.
p 000K’

(1)‘1)8 8 1000 100% roo =

001 0 8(1)‘1)8 010 0 |<[09 7

Vo 001 0 1

v ’ -1 ’ G S

¢ VOVKTI000-1] 540 vk 200-1 22Vddf§
Cc ax
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Result that can be divided in two matrices:

1 v v
00 c 1000 000 c
010 0 _|0100 + 000 O
001 0 “10010 000 O
ViooZ2vdxt | [000-1] | v o -2vdx"
c chx14 c czdxm

10007]%%% % m@
2 [0 302 533 544110100 000 0 dx’'
(ds) —[dx dx'* dx'"” cdx 001 0 000 0 e
000-1] |V oo =2v'dx" | |l ey

c Cde/4

Executing the operations of the second term we have:

_ v
0 e e 1
[abc’l dx'? dx" cdx* 8 8 8 8 Z,);,} :% +edx' (%dx’l —i—‘;jﬁM cdx' j:zero
1’ 00 —2v" dx"" cdx™
c 2 d 4|
L 4 X
Then we have:
Vv __
000 ¢ [a
[abc’1 dx"* dx"? cdx’4] 8 8 8 8 Zj& =zero
L’ 00 —2v""dx"! _Cdx’4
L c cZ dxl4 ]

With this result we have in 15.71 the invariance of the line differential element:

(ds) = [abc’1 dx'? dx" cdx'*

-1 Cdx’4

To the observer O’ the line differential element is written this way:

11

2 ( i\ 2 i3 14 [ o2 03 '4] (1)(1)88 j))cc'2
(as') =(ax )+(dx )+(dx )—(cdx ) = |dx" dx'" dx" cdx 0010 || g
000-1] |cax

Where replacing 15.15 and the transposed from 15.15 we have:

100049007100 2 [ ay'
) 010006700 ¢ | g
(as'f =[ax'ax*axcaxt] 0 o1 0 |59 1010 0 &
=VooJK |000-1] 001 QI

c 000K
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The multiplication of the three central matrices supplies:

1000 FiggoTl100=2 100 -
0100 145790 cllo1o 0
0010 190710 8(1)(1)8 =001 0 15.76
-y X
-y -1 -
200K J000-1] 50 =200 1420
c cdx
Result that can be divided in two matrices:
-V A%
1 00 - 100 0 000 -
010 0 (0100 000 O
001 0 1‘0010*000 0 15.77
Y00 _1_|r2;1dx4 0001 | -v 00 2;/abc4
c codx c cdx
That applied in the line differential element supplies:
4
10007990 = dx;
2 0100 000 O dx
(as') =fax'acaicac ]| 300 O 14 0 00 0 | 15.78
000-1| | -v 2vdx" ||| cdx®
—00
c cldx?
Executing the operations of the second term we have:
-y __
000 - dx; o 1
[abcldxzd)fca’x4 8 88 8 Z,; :M +cdx4(_—vdxl+%%cdx4j:zem
Vo 2vdx' || cdx?
PRy o
C X
Then we have:
4
000 -~ dx;
[dxldxzdx3cdx4 8 88 8 Z); =zero 15.79
=V 2vdx | cdx*
c et
With this result we have in 15.78 the invariance of the line differential element:
1000 dx;
, 0100 || 4 2 2 2 2
(ds )2:[a')clalxza')c3(301)c4 001 0 d§3 =(dx1) +(dx2) +(dx3) —(cdx4) =(ds) 15.80
0001 cgx?

In §7 as a consequence of 5.3 we had the invariance of Eii=E'#i' where now applying 7.3.1, 7.3.2, 7.4 1,

7.4.2 and the velocity transformation formulae from table 2 we have new relations between Ex and E'x’
distinct from 7.3 and 7.4 and with them we rewrite the table 7 in the form below:
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Table 7B

g EVK po EXVK
(1_VJ 7.3B (1+ 14 j 7.4B
ux u'x'
E'y'= EyNK 731 | BV=EYNK 7.4.1
E'z'= EzJK 732 | Ez=E'ZNK 7.4.2
B'x'= Bx 7.5 Bx=B'x' 7.6
1A 1A V 1A 1 ' ’ 1A
Bly'=By+—7 £z 754 | By=BY-——=£L'z 7.6.1
r ! v I ! v’ ’ ’
B'z =Bz—c—2Ey 752 Bz=B Z+C—2E y 76.2
ux , ., u'x'
By=-—kz 7.9 B'y - E'z 7.10
C C
ux , o, u'x'
Bz=—3Ey 791 | BF=—F 7.10.1

With the tables 7B and 9B we can have the invariance of all Maxwell's equations.

Invariance of the Gauss’ Law for the electrical field:

OE'x' OE'y' OE'Z'_p'
x' oy & g,

Where applying the tables 6, 7B and 9B we have:

( v 0) ExVK 8Ey«/_ EzNK p«/_
ox c2 ot )(1- v/ux) oy 0z &

Where simplifying and replacing 8.5 we have:

[a, (—18)1 Ex OEy Ez p

o \ux ox J(1—v/ux)" oy "oz _6‘_0

That reordered supplies:

[2(1 v)—| Ex | OEy Ez_p
Ox

x ) |(1-v/ux)" oy 0z g,

That simplified supplies the invariance of the Gauss’ Law for the electrical field.

Invariance of the Gauss’ Law for the magnetic field:

0B'x' 0B'y' 0Bz
1 1 =ZzZero

ox' oy oz

Where applying the tables 7B and 9B we have:

0,V g2 s g 112 s j
(ax s at)Bx. akay. czEZ) 82\ Ey =0
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That reordered supplies:

0Bx OBy 0Bz, v(0Ez OFy 0Bx 0
ox oy 0z c*\ oy &z ot

Where the term in parenthesis is the Faraday-Henry’'s Law (8.19) that is equal to zero from where we have
the invariance of the Gauss’ Law for the magnetic field.

Invariance of the Faraday-Henry’s Law:

OE'y' OE'x'__0B'Z’
ox' oy ot'

8.18

Where applying the tables 7B and 9B we have:

(G2l JoE S B a(ﬁi)“f_( pe- by

That simplified and multiplied by (l—v/ux) we have:

8Ey( v\ _OEx_ GBZ( )
o)y o T

Where executing the products and replacing 7.9.1 we have:

OEy OEx__ 0Bz v ( OEy uxOEy
Ox Oy ot ux\ ox c? ot

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Faraday-Henry’s Law.

Invariance of the Faraday-Henry’s Law:

OE'z' OE'y' __OB'X
oy oz ot'

8.20

Where applying the tables 7B and 9B we have:

OFz _aﬂf fﬁBx

Oy
That S|mpI|f|ed supplies the invariance of the Faraday-Henry’s Law.
Invariance of the Faraday-Henry’s Law:

OE'x' o 'z': OBy’
oz' ox' ot'

8.22

Where applying the tables 7B and 9B we have:

o )://;c) (Grargy Jo IR =R G Bt

That simplified and multiplied by (1-v/ux) we have:

OEx 8EZ( v) v GEZ( j_ aBy( v ) v@EZ( j
oz ax\ ux) c? atk ux ) at\ ux) c? atk ux
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That simplifying and making the operations we have:

OEx 0Ez_ OBy v(@Ez 9By
oz ox o ux\ ax o

Where applying 7.9 we have:

OEx OEz__ OBy v (0Ez ux 8Ezj
Oz Ox ot ux\ ox c¢? ot

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Faraday-Henry’s Law.

Invariance of the Ampere-Maxwell’s Law:

OB'y' 0B'x OE'z
J! ’
o’ ay TH S ETE M o

8.24

Where applying the tables 6, 7B and 9B we have:

0, v o v .\ OBx 0
: By+—FE = VK—EzNK
(Gx c? Gt)( YT Z) oy HoJZ e 1y o

That simplifying and making the operations we have:

OBy 0Bx OFEz 1 v20Fz 1 2vux0Ez v OEz v OBy 1 v20Ez

=M, Jz+ =
ox Oy HoZT 80k Ot c¢2c2 Ot c¢2 ¢2 Ot ¢20Ox c¢? Ot c?c? ot

Where simplifying and applying 7.9 we have:

OBy 0Bx _ Jove g OFz 1 2vuxOEz v OEz v(—ux@Ez)
ox Oy Ho oMo T ¢ a2 ox c2\ 2 ot

That reorganized supplies

OBy 0Bx
o oyt Jz+eo

OEz v(ux@EzlaEZ)
or c2\c2 ot ox

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Ampere-Maxwell’s Law:

Invariance of the Ampere-Maxwell’s Law:

OB'z' 0B'y' OE'x'

— J'x'+ 8.26
ayr aZ! /Ll x g /Ll() a !

Where applying the tables 6, 7B and 9B we have:

0 \ o ) 0 ExvK

— B E By+2E —

6y( z )’) 2\ y Prad #o (Jx PV)+‘90/10\/_ ot (1v/ux)

Making the operations we have:

0Bz OBy v( OEy 8Ez ( vZ 2vux\0Ex 1
9bz o7 JxH 2 14

oy Oz B e oy HoC™P [Teoko| T 2 ) ot (1-v/ux)
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Replacing in the first parenthesis the Gauss’ Law and multiplying by (I—LJ we have:
ux

\ v OEx v2( 1 0Ex), 1v20Ex 1 2vuxOEx

0Bz 0By _ Jese gy OEx v (OBz OBy e
8)/ 82 luo Oluo at IUXK 8y 82 luo ) c? ax ICZKUX ax )ICZ c? 81‘ c? c? at

Where replacing Jx=pux, 7.9.1, 7.9 and 8.5 we have:

j* 1 v? 9Ex 1 2vux OFx

0Bz 0By .., OEx v [ uxOEy uxOEz v 0Ex v’ (-10Ex
ay Oz Ho ot ot ux cz ay Ic2 Oz 0 cz ox Ic2kcz ot Ic2 cz ot cz cz ot

That simplified supplies:
5 \ v @Ex 1 2vuxOEx

0Bz 0By _ Jyie 1 OEX v (OEy  OEz c
oy Oz Fo o5 2\ oy oz Fo p) c? Ox c¢? c¢* ot

Replacing in the first parenthesis the Gauss’ Law we have:

@_@: Jyte OEx v OEx v OEx 1 2vuxOEx
oy 0Oz Ho offo Ot ¢c20x c*oOx c? c? ot

That reorganized makes:

OEx 2v( OEx  ux 8Exj

OBz OBy
= J + T
0Tk, 2\ ox ¢ o

dy 0z
As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the

Ampere-Maxwell’s Law:

Invariance of the Ampere-Maxwell’s Law:
8.28

OB'x' OB'z' 0
9or P g JV+
azr axr Hod'Y go H, atr

Where applying the tables 6, 7B and 9B we have:

OBx (0, v 0 Vo) 0
5 oo aJ(BZ CzEy)—yOJy+gOu0«/E atEy«/E

Making the operations we have:
OBx 0Bz _ e OEy 1v20Ey 1 2vuxOEy v OEy v 0Bz
0z Ox 0 ot Ot c2c2 &t ¢ ¢ Bt ¢ dx 2 Of c2e? O

Where simplifying and applying 7.9.1 we have:

Ey 1 2vux®Ey v OEy v (ux aEyJ

oBx 0Bz, 0
HodTooto ™ e cr ot o2 ax e2\c? ot

0z Ox

1 v2 OEy

That reorganized makes:

0Bx 0Bz _ OEy v (uxOEy OEy
P N TR WS T ™

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the

Ampere-Maxwell’'s Law:
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Invariance of the Gauss’ Law for the electrical field without electrical charge:

OE'x } OE'y } OF'z =zero 8.30
ox' oy oz

Where applying the tables 7B and 9B we have:

( LV 0\ ExvJK 8Ey\/_ EzVK _
ox c2ot)(1 —v/ux) oy 0z

zero

Where simplifying and replacing 8.5 we have:

[al (—16)} Ex  OEy Ez

ox Lux Ox J(1—v/ux)" oy "oz —Eere
That reorganized makes:

0 v\] Ex OEy Ez

— 1 : b= :
[éx( uxjj(l—v/ux) oy Oz zero

That simplified supplies the Gauss’ Law for the electrical field without electrical charge.

Invariance of the Ampere-Maxwell’s Law without electrical charge:

OBy oB'x'_ OE'Z
axf ay! Oﬂ() at!

8.40

Where applying the tables 7B and 9B we have:

0,v o \_0Bx _
(ax'cz atj(By. EZ) o oﬂo‘/_ EZ«/_

Making the operations we have:

OBy 0Bx e OFEz 1v20Ez 12vux0Ez v 0Ez v OBy 1 v20Ez
ox ay Moo Ter e Bt ¢ ¢ or ¢ ox o2 ot el

Where simplifying and applying 7.9 we have:

OBy 0Bx . OFz 1 2vux0Ez v 0Ez v ( —ux GEZJ
ox oy oMo T 2 ar 2 ax 2\ 2 ar

That reorganized makes:

OBy 0Bx _o y OBz v ((ux OFz GEZJ
ox oy o075 Te\er ar | ox

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Ampere-Maxwell’s Law without electrical charge:

Invariance of the Ampere-Maxwell’s Law without electrical charge:

oB'z OBy OE'
ayf aZ! (Jﬂ() at!

8.42

Where applying the tables 7B and 9B we have:
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d Y\ of . 0 ExJK
ay(Bz Ey) a\By' : ) o/Jo\/_ 5 lov/)

Making the operations we have:

oy 0z

Replacing in the first parenthesis the Gauss’ Law without electrical charge and multiplying by (1 - v/ux) we

OBz 8By 8Ey +8Ez N (1' vz 2vux \OEx 1
oy oz ) 2 2 ) ot (1-v/ux)

have:

0Bz OBy . OEx, v(dBz OBy\ v 0Ex v?( 10Ex), 1 v20Ex 1 2vuxOFEx
oy oz 075 uxk d 0z ) c* ox ' c2\ux ox ) c2c? 0t ¢ ¢ ot

Where replacing 7.9, 7.9.1 and 8.5 we have:

OBz OBy OEx v (uxOEy ux0Fz) v OEx v2(—10Ex), 1 v20Ex 1 2vuxdEx
E_E_go’uo o ux\c> 0y >0z ) ¢ ox c2\e2 Ot ) c2cr At 2 > ot

That simplified supplies:

0Bz OBy _ e i OEx v (OEy 0Ez)\ v 0Ex 1 2vuxdEx
oy Oz o075 C2K8y &z ) ¢> ox 2 ¢* O

Replacing in the first parenthesis the Gauss’ Law without electrical charge we have:

@_@:g OEx v OEx v 0Ex 1 2vuxOEx
oy Oz M5 T ax ¢ x ¢ 2 ot

That reorganized makes:

0Bz OBy ... ., OEx 2v(8Ex,ux6Exj
dy oz oM T o e e ar

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Ampere-Maxwell’s Law without electrical charge:

Invariance of the Ampere-Maxwell’s Law without electrical charge:

0B'x' OB’z OF'y'
= 8.44
o o oty

Where applying the tables 6, 7B and 9B we have:

OBx (0, v 0 % 0
: B—YEy =& u NKLEpWEK
oz \ox c2 ar)( T y) St VR G

Making the operations we have:

OBx OBz OEy 1v20Ey 1 2vuxOEy v OEy v oBz 1 v20Ey

=& T T
0z Ox otho Ot c2c¢c2 Ot ¢ ¢ Ot c¢?2 Ox c¢c?2 ot c?c? ot

Where simplifying and applying 7.9.1 we have:

OBx 0Bz e OEy 1 2vuxOEy v OEy v (uxOEy
2 M e o ar e ax e2\c? ot
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That reorganized makes:

OBx OBz _ OEy v (uxOEy OEy
A A ok '
dz  Ox a c2\c2 o ox

As the term in parenthesis is the equation 8.5 that is equal to zero then we have the invariance of the
Ampere-Maxwell’s Law without electrical charge:

§15 Invariance (continuation)
A function £(@) = f(kr —wr) 2.19
Where the phase is equal to 8 = (kr - wt) 15.81

In order to represent an undulating movement that goes on in one arbitrary direction must comply with the
wave equation and because of this we have:

£[3,,_ (2 +? +zz)} o), k

= zero 15.82

:\2°/(0) _ 2 2°/(6)
J

2
—x*+y*+
2 - 00 2 ez 06” PYE

r

That doesn’t meet with the wave equation because the two last elements get nule but the first one doesn'’t.
In order to overcome this problem we reformulate the phase @ of the function in the following way.

A unitary vector such as

n :cos¢f+cosoﬁ+cosﬂl€ 15.83
X X z z

where cosgp=—=—, cosazzzl, cosf=—=— 15.84
r ct r ct r ct

has the module equal to n = |ﬁ| =n.n = \/cos2 p+cos’ a+cos’ f=1. 15.85

Making the product

2 2 2 2

-3 Ts - | +y +

n.R:(cos +cosaj +cos fk )(xz +yj+zk ):cos¢ix+cosay+cosﬂz=u=r—:r 15.86
r r

we have r =7i.R = cos ¢x + cos y + cos Pz that applied to the phase 6 supplies a new phase
® = (kr —wt)= (kﬁR - wt)= (k cos ¢ + k cos ay + k cos fiz —wt) 15.87

with the same meaning of the previous phase =0 .

= w
Replacing » = 7i.R = cos ¢x + cos ay + cos [z € k=— in the phase 6 multiplied by —1 we also get another
c

phase in the form

o :(_1)(kr_wt):(wz_kr):[w[t_fﬂ :M_C‘W “OS“y*COS/”ZH 1588

C C

with the same meaning of the previous phase (— 1)6? =0.

Thus we can write a new function as:

f(CD):f{w(t cos¢x+cosag/+cosﬂzﬂ 15.89

C
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That replaced in the wave equation with the director cosine considered constant supplies:

2 2 2 2 2 2
A ajc;(zq))w—zcos2 @ +—a ajc;(zq))w—zcos2 o +—a ajc;(?)w—zcosz p————~—=zero 15.90
c c c

that simplified meets the wave equation.

The positive result of the phase @ in the wave equation is an exclusive consequence of the director cosines
being constant in the partial derivatives showing that the wave equation demands the propagation to have
one steady direction in the space (plane wave).

For the observer O a source located in the origin of its referential produces in a random point located at the
distance r=ct=+/x>+y>+z> of the origin, an electrical field £ described by:

E=Exz7+Eyj+EZ/€ 15.91

Where the components are described as:

Ex=E,.f(®)
Ey=E,.f(®) 15.92
Ez=E,,.f(®)

That applied in E supplies:

E=E, f(@) +E, /(@) +E, f(@k=|E,i +E,j+E,(®)=E, (@) 15.93
with module equal to E=\/(E Y+E, F+(E, ) f(@)=E=E, f(®) 15.94
Being E,=E i+E, j+E_ k 15.95
The maximum amplitude vector Constant with the components Eyo, Eyo, Ezo 15.96
And module E, =\/(E Y+, P+(E.,) 15.97

Being f(CD) a function with the phase @ equal t015.87 or 15.88.

Deriving the component E, in relation to x and t we have:

OEx _ . of (®)od _ p of (@) a(kr—wt) E of (@) kx _ E Of (@) kx

xo xo = X0 xo 1 5 98
Ox ob ox oD Ox op r oD ct
OEx _ E of (©)od _ E of (®)d(kr—wt)_ E 6f(<D)(_W) 15,09
ot ob ot oD ot od

that applied in 8.5 supplies

e gt oD g e o) co iz

ox c¢° ot ob ox ¢ od ot ob \(ox c¢° ot

m—af(®)(62+x—/2t62j=zero362+x—/2t62=zer0 15.100
ob \(Ox ¢~ ot Oox ¢~ Ot

demonstrating that it is the phase @ that must comply with 8.5.
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oD x/t D kr—wt) x/t d(kr—wt) Jx  x/t x(, w
—+——_=zero= +— =zer0:>—+—2(—w)=zer0:>— k—— |=zero
Ox c¢° ot Ox c ot ct ¢ ct c

w _ _
as k =— then E, complies with 8.5.
c

As the phase is the same for the components E, and E, then they also comply with 8.5.

As the phases for the observers O and O’ are equal (kr—wt)=(k'r'—w't') then the components of the
observer O’ also comply with 8.5.
8(kr—wt)+x_/t8(kr—wt) ok'r—wt) x'/t o(k'r'—w't')

Ox c ot ox' c ot'

The components relatively to the observer O of the electrical field are transformed for the referential of the
observer O’ according to the tables 7, 7B and 8.

Applying in 8.5 a wave function written in the form:

Y =/ = o = cos(kr — wi )+ isin(kx — wt) = cos @ +isin @ 15.102

where i:\/—_l.

Deriving we have:

a—lP=—ksenCI)+kicosCI) end a—lP:wsenCI)—wicosCI) 15.103
ox ot
oY ; ;
or — =ke'® and 8_‘1’ =—we'® 15.104
ox ot

That applied in 8.5 supplies:

o +x_/t8_‘P = zero = (— k sen® + kicos ®) + x—/t(wsen(l) —wicos®) = zero

Oox c2 ot 02

that is equal to:

[—k+¥jsin®+(ki—x—zchos®=zer0
c't c’t

b ¥ '
ora— x—/tﬁ—zzem:(ke’@)

.X/t i®
+ > +——\—we = zero
ox c® Ot

2
where we must have the coefficients equal to zero so that we get na identity, then:

xw xw
—k+T:Z€}"0:>k:—2
c’t c't

. XWI xw
ki———=zero =k =—
ct c't

(keiq))-f- x—/2t(— Weiq))z zero =k = xw
¢ c't

Where applying w = ck we have:
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xw  xck x
k=—=—=—=c
c’t c't t

Then to meet with the equation 8.5 we must have a wave propagation along the axis x with the speed c.

X
If we apply w=uk and v =—we have:
t

xw  vuk c
k:—:—:u:—.

2 2
c't ¢ \%

A result also gotten from the Louis de Broglie’s wave equation.

§16 Time and Frequency
Considering the Doppler effect as a law of physics.

We can define a clock as any device that produces a frequency of identical events in a series possible to be
enlisted and added in such a way that a random event n of a device will be identical to any event in the
series of events produced by a replica of this device when the events are compared in a relative resting
position.

The cyclical movement of a clock in a resting position according to the observer O referential sets the time in
this referential and the cyclical movement of the arms of a clock in a resting position according to the
observer O’ sets the time in this referential. The formulas of time transformation 1.7 and 1.8 relate the times
between the referentials in relative movement thus, relate movements in relative movement.

The relative movement between the inertial referentials produces the Doppler effect that proves that the
frequency varies with velocity and as the frequency can be interpreted as being the frequency of the cyclical
movement of the arms of a clock then the time varies in the same proportion that varies the frequency with
the relative movement that is, it is enough to replace the time t and t' in the formulas 1.7 and 1.8 by the
frequencies y and y’ to get the formulas of frequency transformation, then:

t=tJK = V'= y\/f 1.7 becomes 2.22

t=tVK' = y =y'\/F 1.8 becomes 2.22

The Galileo’s transformation of velocities u'=1 —V between two inertial referentials presents intrinsically
three defects that can be described this way:

a) The Galileo’s transformation of velocity to the axis x is u'x'=ux—V. In that one if we have ux =c then
u'x'=c—vandif we have u’'x'=c then ux =c+v. As both results are not simultaneously possible or else

we have ux =c or u'x'=c then the transformation doesn’t allow that a ray of light be simultaneously
observed by the observers O and O’ what shows the privilege of an observer in relation to the other because
each observer can only see the ray of light running in its own referential (intrinsic defect to the classic
analysis of the Sagnac’s effect).

b) It cannot also comply to Newton’s first law of inertia because a ray of light emitted parallel to the axis x
from the origin of the respective inertial referentials at the moment that the origins are coincident and at the
moment in which t =t = zero will have by the Galileo’s transformation the velocity c of light altered by +v to
the referentials, on the contrary of the inertial law that wouldn’t allow the existence of a variation in velocity
because there is no external action acting on the ray of light and because of this both observers should see
the ray of light with velocity c.

c) As it considers the time as a constant between the referentials it doesn’t produce the temporal variation
between the referentials in movement as it is required by the Doppler effect.

The principle of constancy of light velocity is nothing but a requirement of the Newton’s first law, the inertia
law.

Newton’s first law, the inertia law, is introduced in Galileo’s transformation when the principle of constancy of
light velocity is applied in Galileo’s transformation providing the equation of tables 1 and 2 of the Undulating
Relativity that doesn’t have the three defects described.
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The time and velocity equations of tables 1 and 2 can be written as:

2
t'=t 1+v—2—&cos¢ 1.7
C C

v

V2

v
1+—2——cos¢
c C

12 ’
t:t’\/1+v—2+2—vcos¢’ 1.8
C C
y= Y 1.20
2 '
I+—+ cosg'
¢

The distance d between the referentials is equal to the product of velocity by time this way:

d=vt=V't' 1.9

It doesn’t depend on the propagation angle of the ray of light, being exclusively a function of velocity and
time, that is, the propagation angle of the ray of light, only alters between the inertial referential the
proportion between time and velocity, keeping the distance constant in each moment, to any propagation
angle.

The equations above in a function form are written as:

d=elv,t)=e(v,1) 1.9
1= (v.1.9) 7
v=g(v,¢4) 1.15
t=f"(v.t'.¢) 1.8
v=g'(v.9) 120

Then we have that the distance is a function of two variables, the time a function of three variables and the
velocity a function of two variables.

From the definition of moment 4.1 and energy 4.6 we have:

. E
pP=—u 16.1
c

The elevated to the power of two supplies:

2 2
u C 2
===—p 16.2
¢’ E’?

Elevating to the power of two the energy formula we have:
2

2
m,c 2
2 2 2 2 4
E’=| == | =2E' ~-E %5 =mjc
u c
1=

Where applying 16.2 we have:
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2 2
E2—E2”—2=m,fc4:>E2—EZ%pZ:m,fc":E:cq/pz—i-m,ch 4.8

From where we conclude that if the mass in resting position of a particle is null m_ = zero the particle

energyisequalto E=cp. 16.3

That applied in 16.2 supplies:

2 2 2 2
u _c 2 u _ cC 2 _
S=S P == p  Du=c 16.4
c E c (cp)

From where we conclude that the movement of a particle with a null mass in resting position m_, = zero will
always be at the velocity of light u =c.

Applying in E =c¢ p the relations E=yh and c=yA we have:

ho oo _h
yhzykp:pzx and in the same way p'=— 16.5

l’
Equation that relates the moment of a particle with a null mass in resting position with its own way length.

Elevating to the power of two the formula of moment transformation (4.9) we have:

2
- - E—' 12 2 E 2Evpx

Where applying £ =c p and px=pcosd= p— we find:

2
/ 2
p'2:p2+(cp4) 2pvp = p'=p,|1+ vux:p VK 16.6
c & c

Where applying 16.5 results in:

h h A A
'=pvK > —=—+VK => A'=—— orinverted 1 = 2.21
p=pr ) /—K /_K'

Where applying ¢ = yA4 and ¢ = y'A' we have:

V'=y~K orinverted y =y'vK’ 2.22
In § 2 we have the equations 2.21 and 2.22 applying the principle of relativity to the wave phase.
17 Transformation of H. Lorentz

For two observers in a relative movement, the equation that represents the principle of constancy of light
speed for a random point A is:

X'2+y'2+Z'2—C’2t'2=X2+y2+ZZ—C’2t2 17.01

In this equation canceling the symmetric terms we have:
Nesta cancelando os termos simétricos obtemos:

x? Pl =x? % 17.02
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That we can write as:
(x’—ct’)(x'+ct')= (x—ct)(x+ct) 17.03

If in this equation we define the proportion factors 7 and 1 as:
(x'—ct')=n(x—ct) A

{(x’+c t")=u(x+ct) B

where we must have 7.1 =1 to comply 17.03.

17.04

The equations 17.04 where first gotten by Albert Einstein.

When a ray of light moves in the plane y'z’ to the observer O’ we have X’ = zero and x = vt and such
conditions applied to the equation 17.02 supplies:

2
0-c’t?=(vt) —c’t? =z =t [1-V5 17.05
C

This result will also be supplied by the equations A and B of the group 17.04 under the same conditions:

(0—ct‘/1—v—jj=77(vt—ct) A

17.06
2
(0+ct,/]—v—2j=,u(vt+ct) B
c
From those we have:
17.07
Where we have proven that 7. =1.
From the group 17.04 we have the Transformations of H. Lorentz:
wnrs) () 17.08
2 2
co=m), (ra) 17.09
2 2
_(77—"_:”) IL(U_:U) ’
X= 3 X'+ 3 ct 17.10
_-p) , (n+p)_,
ct= 3 X'+ 3 ct 17.11
- n+H H—n n—H.
Indexes equations 5> 2 and 5
1+ 1-Y 1+ Y41-v
-2 \i+Z \/]—V\/]+V \/I_VZ v
c c c c o2 i
-v sy v v v _v
LU—n= c _ c _ c c _ c _ HTN_ c 1713
]+% ]_E \/]_,_V\/]_V \/ _LZ 2 ja
c o2 o2
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1+ 1= 1+ V14 2V B v
n—p= c c _ c c__ c :>77 H_ c 17 14
A e T T v’
c c c c 1 2 2
C C

Sagnac effect

When both observers’ origins are equal the time is zeroed (t = t' = zero) in both referentials and two rays of
light are emitted from the common origin, one in the positive direction (clockwise index c) of the axis x and X’
with a wave front A; and another in the negative direction (counter-clockwise index u) of the axis x and x’
with a wave front A,.

The propagation conditions above applied to the Lorentz equations supply the tables A and B below:

Table A
Equation Clockwise ray (¢) | Equation Counter-clockwise ray (u) | Sum of rays
Result Result
Condition x,=cCt, Condition x,=—Ct,
17.08 x'_=uct, 17.08 x' =-nct,
X' = px, X', =nx, X'o+x' = ux. +nx,
17.09 ct'.=uct, 17.09 ct',=nct, ct' 4ct',= uct, +nct,
x'.=ct', x', =—ct',
Table B
Equation Clockwise ray (c) Equation Counter-clockwise ray (u) | Sum of rays
Result Result
Condition x'.=ct', Condition x' =—ct',
17.10 x_=nct', 17.10 x, =—uct',
X =1x', X, = HXy X+ %, =nx'+ux',
17.11 ct,=nct', 17.11 ct,=puct', ct.+ct,=nct' +uct',
x,=cCt, X, =—Ct,

We observe that the tables A and B are inverse one to another.

When we form the group of the sum equations of the two rays from tables A and B:

D'=ct'_+ct' =uct. +nct A
{ ° c ! 17.15

D=ct_+ct,=nct'+uct', B

Where to the observer O’ D'= A, <> A_ is the distance between the front waves A, and A; and where to the
observer O D=A, <> A_ is the distance between the front waves A, and A..

In the equations 17.15 above, due to the isotropy of space and time and the front waves A, <> A_ of the

two rays of light being the same for both observers, the sum of rays of light e times must be invariable
between the observers, which we can express by:

D'=D=ct' +ct',=ct +ct,=2t'=3t 17.16
This result that generates an equation of isotropy of space and time can be called as the conservation of
space and time principle.
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The three hypothesis of propagation defined as follows will be applied in 17.15 and tested to prove the
conservation of space and time principle given by 17.16:

Hypothesis A:

If the space and time are isotropic and there is no movement with no privilege of one observer considered
over the other in an empty space then the propagation geometry of rays of light can be given by:

ct.|=[ct,| and [ct,|=|ct". 17.17

This hypothesis applied to the equation A or B of the group 17.15 complies to the space and time
conservation principle given by 17.16.

The hypothesis 17.17 applied to the tables A and B results in:

ct'.=uct' A
Quadro A c !
ct',=nct', B
17.18
Quadro B Cte =Nt ¢
ct,=puct, D

Hypothesis B:

If the space and time are isotropic but the observer O is in an absolute resting position in an empty space
then the geometry of propagation of the rays of light is given by:

et |=lct,|=|cY 17.19
That applied to the table A and B results in:
ct'.=uct A
Quadro A c
ct',=nct B
17.20
ct=nct C
Quadro B ©
ct=uct', D
2
ct'.=u-ct A
T H T 17.21
ct' =n’ct'. B
Summing A and B in 17.20 we have:
+ + D t
ct'c+ct'u:2ct(uj:D‘zD(uj:D'z—:Zt'zz— 17.22
2 2 V2 V2
1—— 1—-—
c’ c’

This result doesn’t comply with the conservation of space and time principle given by 17.16 and as D'# D it
results in a situation of four rays of light, two to each observer, and each ray of light with its respective
independent front wave from the others.

Hypothesis C:

If the space and time are isotropic but the observer O’ is in an absolute resting position in an empty space
then the propagation geometry of the rays of light is given:

et |=let,|=|ct] 17.23

That applied to the tables A and B results in:

ct'=uct A
Quadro A c
ct'=nct, B
17.24
ct.=nct C
Quadro B c
ct,=uct' D
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{ctc =nict, A

) 17.25
ct,=uct, B
Summing C and D in 17.24 we have:
+ + D' t!
ct_+ct, =2ct'(77—’uj:>D=D'(77—'uj:>D=—:>Zt=z— 17.26
2 2 V2 V2
c C

This result doesn’t comply with the conservation of space and time principle exactly the same way as
hypothesis B given by 17.16 and as D'#D D'#D it results in a situation of four rays of light, two to each
observer and each ray of light with its respective independent front wave from the others.

Conclusion

The hypothesis A, B and C are completely compatible with the demand of isotropy of space and time as we
can conclude with the geometry of propagations.

The result of hypothesis A is contrary to the result of hypothesis B and C despite of the relative movement of
the observers not changing the front wave A, relatively to the front wave A; because the front waves have
independent movement one from the other and from the observers.

The hypothesis A applied in the transformations of H. Lorentz complies with the conservation of space and
time principle given by 17.16 showing the compatibility with the transformations of H. Lorentz with the
hypothesis A. The application of hypothesis B and C in the transformations of H. Lorentz supplies the space
and time deformations given by 17.22 and 17.26 because the transformations of H. Lorentz are not
compatible with the hypothesis B and C.

For us to obtain the Sagnac effect we must consider that the observer O’ is in an absolute resting position,
hypothesis C above and that the path of the rays of light be of 27R:

ct'.=ct' ,=ct'=27R 17.27

For the observer O the Sagnac effect is given by the time difference between the clockwise ray of light and
the counter-clock ray of light At =t_—t, that can be obtained using 17.24 (C-D), 17.27 and 17.14:

v
At—tc—tu—t'(ﬂ—ﬂ)—ZZR( < |= 47§sz 17.28
c2

§9 The Sagnac Effect (continuation)

The moment the origins are the same the time is zeroed (t = t' = zero) at both sides of the referential and the
rays of light are emitted from the common origin, one in the positive way (clockwise index c) of the axis x and
X" with a wave front A, and the other one in the negative way (counter clockwise index u) of the axis x and X’
with wave front A,.

The projected ray of light in the positive way (clockwise index c) of the axis x and x’ is equationed by
x.=ct, and x'_=ct'_ thatapplied to the Table | supplies:

I

. =ct|1-22 |=ct' =ct K, (17) ct,=ct' | [+-= |=ct =ct' K" (18 9.11
ct'.=ct, - ct'.=ct K. (1.7) ct_=ct', - ct.=ct'_K'_ (1.8) :

v vV, V', v,
=>v. = (1.15) V==V (1.20) 9.12

T(ve K PR AR
C C

70/172




From those we deduct that the distance between the observers is given by:

d.=v t . =v'_t', 9.13
Where we have:

v v’
(1% 1)

The ray of light project in the negative way (counter clockwise index u) of the axis x and x’ is equationed by
x,=—ct, and x' ,=—ct',: that applied to the Table | gives:

VV
ct, =ct’u(]— C”j:ctu =ct',K', (1.8) 9.15

ct' =ct (]+&j:>ct' =ct K,A6 (1.7)
u u c u u u )

r 1

r — VU r Vu _ v u _ \% u
Vu——V:>Vu—K— (1.15) Vi, —T:M/u _K_' (1.20) 9.16
J+—9 u ]—_u u
c c
From those we deduct that the distance between the observers is given by:
d,=v,t,=v',t, 9.17
Where we have:
v v’
(A EATT.

We must observe that at first there is no relationship between the equations 9.11 to 9.14 with the equations
9.1510 9.18.

With the propagation conditions described we form the following Tables A and B:

Table A
: Clockwise ray of . Counter clockwise ray of .
Equation light (c) Equation light (u) Sum of the rays of light
Result Result
Condition |x_.=ct, Condition |x,=—Ct,
1.2 x'.=ct_K,_ 1.2 x',=—Cct,K,
x'.=x_K_ x' =x,K, x' +x', =x_ K_.+x,K,
1.7 ct'.=ct K, 1.7 ct',=ct, K, ct' +ct',=ct K. +ct, K,
x'.=ct', x',=—ct',
Table B
. Clockwise ray of . Counter clockwise ray of .
Equation light (c) Equation light (u) Sum of the rays of light
Result Result
Condition |x'.=ct', Condition |x',=—ct’,
1.4 x.=ct'_K', 1.4 x,=—ct' K',
x.=x'_K', x,=x",K', X +x,=x'_K'_+x'",K',
1.8 ct.=ct'_K', 1.8 ct,=ct' K' ct +ct,=ct'_K'_+ct', K,
x.=ct, x,=—Ct,
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We observe that for the rays of light with the same direction the Tables A and B are inverse from each other.

Forming the equations group of the sum of the rays of light of the Tables A and B:

{D’=ct’c+ct'u=ctCKc +ct K, A o1

D=ct_+ct,=ct'_K'_+ct' K, B

Where for the observer O’ D'=A, <> A_ is the distance between the wave fronts A, and A; and where for

the observer O D=A , <> A_ is the distance between the wave fronts A, and A..

In the equations above 9.19 due to the isotropy of the space and time and the wave fronts A, <> A_ of the

rays of light being the same for both observers, the sumo of the rays of light and of times must be invariable
between the observers, which is expressed by:

D'=D=ct' +ct',=ct_ +ct,=>2t'=2t 9.20

This result that equations the isotropy of space and time can be called as the space and time conservation
principle.

The three hypothesis of propagations defined next will be applied in 9.19 and tested to prove the compliance
of the conservation of space and time principle given by 9.20. With these hypotheses we create a bond
between the equations 9.11 to 9.14 with the equations 9.15 to 9.18.

Hypothesis A:

If the space and time are isotropic and there is movement with any privilege of any observer over each other
in the empty space then the propagation geometry of the rays of light is equationed by:

{ctc=ct'u:>tc=t'u:VC=v'u:>KC=K'u A .
ct,=ct'.=>t,=t'.=>v,=v'_=>K,=K'_ B

With those we deduct that the distance between the observers is given by:

d.=d,=v.t =v' t' . =v,it, =v,t, 9.22

Results that applied in the equations A or B of the group 9.19 complies with the conservation of space and
time principle given by 9.20, showing that the Doppler effect in the clockwise and counter clockwise rays of
light are compensated in the referentials.

Hypothesis B:

If the space and time are isotropic but the observer O is in an absolute resting position in the empty space
then the propagation geometry of the rays of light is equationed by:

ct.=ct,=ct A
V.=V,=V B 9.23
v.t.=v,t,=vt C

With those we deduct that the distance between the observers is given by:

d.=d,=vt=v'_t' =v',t, 9.24

(e
Results that applied in the equations A or B of the group 9.19 complies with the conservation of space and

time principle given by 9.20, showing that the Doppler effect in the clockwise and counter clockwise rays of
light are compensated in the referentials.
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Hypothesis C:

If the space and time are isotropic but the observer O is in an absolute resting position in the empty space
then the propagation geometry of the rays of light is equationed by:

ct'.=ct',=ct' A
v'. =v',=v B 9.25
v' .t =v' t,=vt C

With those we deduct that the distance between the observers is given by:

d.=d,=v't'=v_t.=v,t, 9.26
Results that applied in the equations A or B of the group 9.19 complies with the conservation of space and
time principle given by 9.20, showing that the Doppler effect in the clockwise and counter clockwise rays of

light are compensated in the referentials.

In order to obtain the Sagnac effect we consider that the observer O’ is in an absolute resting position,
hypothesis C above and that the rays of light course must be of 27R:

ct' ,=ct',=ct'=27R 9.27

Applying the hypothesis C in 9.11 and 9.15 we have:

1
t, =t K'.=t, :t'(l +%) 9.28

I’
t, =t K' =t, =t’(1—%j 9.29

For the observer O the Sagnac effect is given by the time difference between course of the clockwise ray of
light and the counter clock ray of At=t_—t, that can be obtained making (9.28 — 9.29) and applying 9.27

making:

1 1 r+r 1
At=t_—t, =t’(1+1j—t'(1—1j= vt 4Ry 9.30
c c c c

2v't’ _ 2Vctc _ 2Vutu
c  c

the propagation of the clockwise and counter clockwise rays of light in a circumference showing the
coherence of the hypothesis adopted by the Undulating Relativity.

In 9.30 applying 9.12 and 9.16 we have the final result due to v_ and v,:

The equation At= is exactly the result obtained from the geometry analysis of

_2v't'_47Rv'_ 47nRv,  47Rv,

At=t_—t = 9.31
© Y« c? —CV, c:2+cvu

The classic formula of the Sagnac effect is given as:

At=t —t, =RV 9.32

c’-v

From the propagation geometry we have:

Ar=2vt 9.33
c
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The classic times would be given by:

p=27R 9.34
c
L% 9.35
c—v
2% 9.36
ct+v
Applying 9.34, 9.35 and 9.36 in 9.33 we have:
At:ZvZﬂR=47er 937
c c o
Atc=2V 27R _ 427er 938
c (C_V) c’—cv
At _2v 27R _ 47Rv 939

"c(etv) Slyev

The results 9.37, 9.38 and 9.39 are completely different from 9.32.
§18 The Michelson & Morley experience

The traditional analysis that supplies the solution for the null result of this experience considers a device in a
resting position at the referential of the observer O’ that emits two rays of light, one horizontal in the x’
direction (clockwise index c¢) and another vertical in the direction y’. The horizontal ray of light (clockwise
index c) runs until a mirror placed in x’ = L at this point the ray of light reflects (counter clockwise index u)
and returns to the origin of the referential where x’ = zero. The vertical ray of light runs until a mirror placed in
y' = L reflects and returns to the origin of the referential where y’ = zero.

In the traditional analysis according to the speed of light constancy principle for the observer O’ the rays of
light track is given by:

ct'.=ct',=L 18.01
For the observer O’ the sum of times of the track of both rays of light along the x’ axis is:

L L_2L

2t =t At = 2=

18.02

In the traditional analysis for the observer O’ the sum of times of the track of both rays of light along the y’
axis is:

_L,L_2L

t' =t +t'_ = 18.03
)2 Y T ¢ ¢ ¢

_ _ 2L . . . o .
As we have Xt',, —Zt'y, = there is no interference fringe and it is applied the null result of the

Michelson & Morley experience.

In this traditional analysis the identical track of the clockwise and counter clockwise rays of light in the
equation 18.01 that originates the null result of the Michelson & Morley experience contradicts the Sagnac
effect that is exactly the time difference existing between the track of the clockwise and counter clockwise
rays of light.

Based on the Undulating Relativity we make a deeper analysis of the Michelson & Morley experience
obtaining a result that complies completely with the Sagnac effect.

Observing that the equation 18.01 corresponds to the hypothesis C of the paragraph §9.
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Applying 18.01 in 9.19 we have:

D'=ct'_+ct',=ct K.+ct,K,=>D'=L+L=ct_K_+ct,K, A
18.04

D=ct_+ct,=ct'_K'_+ct' K' =D=ct_+ct, =LK' +LK' =L(K'_+K',) B
From 18.04 A we have:
p=2r=ct | 1-2e 1+ 2 '=21,= 18.05

= —th —? -|'C'tu +? =>D'= L_th_vctc+Ctu+Vutu .
Where applying 9.26 we have:

oA _ _ 2L
D—ZL—th'i'Ctu:?ZtX—tc'i'tu—? 18.06

In 18.04 B we have:

v’ v’
D=ctc+ctu:L[(]+ Cj+(]— “H 18.07
c c

Where applying 9.25 B we have:

D:ctc+ctu:2L:>ti:tc+tu:%L 18.08

The equations 18.06 and 18.08 demonstrate that the Doppler effect in the clockwise and counter clockwise
rays of light compensate itself in the referential of the observer O resulting in:

2L

St =Yt =Xt == 18.09

Because of this, according to the Undulating Relativity in the Michelson & Morley experience we can predict
that the clockwise ray of light has a different track from the counter clockwise ray of light according to the
formula 18.08 obtaining also the null result for the experience and matching then with the Sagnac effect. This
supposition cannot be made based on the Einstein’s Special Relativity because according to 17.26 we have:

Yt EYE, 18.10
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§19 Regression of the perihelion of Mercury of 7,13”

Let us imagine the Sun located in the focus of an ellipse that coincides with the origin of a system of
coordinates (x,y,z) with no movement in relation to denominated fixed stars and that the planet Mercury is in
a movement governed by the force of gravitational attraction with the Sun describing an elliptic orbit in the
plan (x,y) according to the laws of Kepler and the formula of the Newton's gravitational attraction law:

5_—GM,m, . —(667.10"")1.95.10")328.107). —k

F= 19.01
P’ r’ r
The sub index "o" indicating mass in relative rest to the observer.
To describe the movement we will use the known formulas:
F=rr 19.02
_dr drr) dr. d¢,
i=2 (W):—rr+r—¢¢ 19.03
t dt dt dt
2 2
.. (d d
w'=iiii= @ + r—¢ 19.04
dt dt
i dF d(F) |dr (deY|. | .drdg d’
i=""= };: (’;r)z Z {92) || 2492, 40 ¢¢ 19.05
dt dt dt dt dt dt dt  dt’

The formula of the relativity force is given by:

= d| mu m, m, udu m, [ w . (Ldu\u
F=— = a+ = || [~ la+H u—|= 19.06
dt u’ u’ St o L c dt Jc
I—— I—— ( u j
1=
c

In this the first term corresponds to the variation of the mass with the speed and the second as we will see
later in 19.22 corresponds to the variation of the energy with the time.

With this and the previous formulas we obtain:

e o] . e,
c dt dt dt dt

P 19.07
]| ( ¢] r ¢ drdg  d’ ¢ J(dn A
¢’ di| dt’ \dt alCara” ) dt
2 2 2
R (df”j Ldndr d¢ Jdrdg d’g)\| 1dr o)
. ¢ )drt \dt di| di’ dida )|t
P 19.08

(]—u2/02 " . ]_ 2drd¢+ d’y . ﬂd_zr_r(%jz L ,d9( drdg d AL ;
didt  dff | |dt|ar "\ dt dt dt a [ at
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In this we have the transverse and radial component given by:
2\ 2 2 2
R R E P NEAEC ) N Py P
(1_u2 /62)i ) d? \dt dt| ar "\ dt di\ dtdt " ar’ dt

2 2 2 "
Fimr Mol 1| pdrdd a’g|, \dr d—j—r[@] o 49 drdg d°6 rzd¢ j 19.10
P iu? ) G\ dedr d’ ) |dt| a’ \dt al Carae " al || d

As the gravitational force is central we should have to null the traverse component Ii;:zero so we have:

2
ﬁé:L/z = 2drd¢ d’ ¢ + dr d ( ¢J rd¢ drd¢+ d’ ¢ 9 ¢?=zero 19.11
(]—u2 /627 didr | ai | il a? \ar dt\“dedt  dr’ )| dt
From where we have:
2 2
2drd¢ d’ d’¢ —rdrd¢ 2,,@@4_,,2@ ;2]@ dj_,,(d(ﬁj
dt dt dz dtdt dr) ¢ dt|dt dt
__cdt dt - 19.12
ar_[(dg\ | |, 1 drY 299 1 [drjz
a’ \di ar dt A\ dt
From the radial component }7; we have:
d¢ drd¢ d d'¢
. m, d’r d¢ u’ dr "l dt dt "ar ldr|.
F=r I-— |+ . ——oF 19.13
(1= /7)) dt ar c) lde [ (d;ﬁ ¢ dt
e\ dt
That applying 19.12 we have:
d¢( r drd¢j
2 2 2 3, 1,
For Mo AT ar (d¢j -2 |+ dr__di\cdi di ]Zdr 7 19.14
(]_uz/cf)j dt dt c dt {] (drj:l c dt
dt

That simplifying results in:

=il

= 7 19.15
=
c A\ dt

This equaled to Newton's gravitational force results in the relativistic gravitational force:

{d%_ [d;/)j }
dr’ \ dt _ _
"y pGMm, .~k 19.16
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As the gravitational force is central it should assist the theory of conservation of the energy (E) that is written
as:

E=E,+E = constant. 19.17

Where the kinetic energy (Ey) is given by:

-1 19.18

And the potential energy (E,) gravitational by:

_ _GMomo ___k
r r

E

, 19.19

Resulting in:

| —%: Constant . 19.20

As the total energy (E) it is constant we should have:

aE_dr, dE,

dt dt dt

=zero . 19.21
Then we have:

= 0 19.22

L=—— 19.23

Resulting in:

dE—ﬂ+dE" mu  du kdr mu du —kdr

=zero—= +——=zero= 19.24

dt dr  dt

This applied in the relativistic force 19.06 and equaled to the gravitational force 19.01 results in:

Fo M g Lhkdr. —k. 19.25

a u
2 2 2
\/uz crodt r

==

In this substituting the previous variables we get:
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2 2 2 _
o [ faof], fparas o] rhaor, aog) o,
L |[ar dt dt  dt crldi\de  dt’ ) r
3
C

From this we obtain the radial component Ij“r equals to:
m \dr (de\ | 1 k(drY -k
F.= o _2_,,(_j -5 2(_) =— 19.27
u’| dt dt cri\dt) r

That easily becomes the relativistic gravitational force 19.16.

From 19.26 we obtain the traverse component F’(ﬁ equals to:

2
F.= o {2drd¢+rd? ]zkdrd¢:zero 19.28
’ \/1 W\ Cdede A ) rdtdt
CZ
From this last one we have:
2
ZrQ@erZM 2
dtdt a1 k dr|, u 19.99
rz@ m,c’r’ dt c’ '
dt

As the gravitational force is central it should also assist the theory of conservation of the angular moment
that is written as:

—

L=rx p=constant. 19.30
L=Fxp=Fx Pl o (ﬂﬁrr%éjz 7, rzﬁ(fxq;): ™, ,,2@]2 19.31
u S\dt dt W dt 2 a4t
o e 7 =
L= - rzd—¢/€=Ll€ = constant. 19.32
I_ui dt
cZ
d—Lz d(Lk)z d(L)k + Ld(k)z d(L)k zzeroj—d(L):zero 19.33
dt dt dt dt dt dt

Resulting in L that is constant.

dk
In 19.33 we had ;:zero because the movement is in the plane (x,y).
t
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Deriving L we find:

dL_d| m, .d¢| 1 _mu_ du d¢ __m, ( drdp d’¢)_ 1034
dt dt wodt| 5 Zdt dt u2\ dt dt dt2
I- 2 (]_u] 1_7
C 2 C
C
From that we have:
2
(Z/ZCZ#%J du 1
U du 19.35

rz@ :(l_uzj dt ¢’
dt e

Equaling 19.12 originating from the theory of the central force with 19.29 originating from the theory of
conservation of the energy and 19.35 originating from the theory of conservation of the angular moment we
have:

5, drd¢ ,d’g) —ldr|d’r (d(;ﬁj

Y+ —= 5

dt dt dr’ ) ¢ dt dr \di k dr W —u du ]

ad = =7 1 5= 19.36
249 i (drj mcr dt c (

From the last two equality we obtain 19.24 and from the two of the middle we obtain 19.16.

For solution of the differential equations we will use the same method used in the Newton's theory.

1
Let us assume w=— 19.37
r
. . o ow -1
The differential total of this is dw=a—dr:>dw:—2dr 19.38
r r

dw —1dr dw —1dr

From where we have —=—— ¢ —=—— 19.39

dé ridg - di rdi

2
d‘f: Lo 19.40
mr’ c
dr L dr u’
= 1/1 = 19.41
dt my’de
dr —Ldw u
Where applying 19.39 we have _tz_d_¢ 1-—— 19.42
m
d’r_dgdt d(~Ldw
That derived supplies — 1 19.43
e dtdpdi\ m, dg
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Where applying 19.40 and deriving we have:

d_zr_ L /1 uzi —Ldw /1 u’ _—LZ ; uz_dzw u’ dwd(/
ar’ my’ cdg\ m, de ) omir’ | do’

| dg =2 dpdp|

In this with 19.36 the radical derived is obtained this way

d ]u2_ -1 udu k dr(] u2 kdw( u’
a7 &) Ji- 2 dr o’

JI= /& ¢ dt me*r di m.c dtk c’

i(/z uZJZ -1 _udu__k_drf, Lﬁj kdw( j
d¢ ¢’ c

VI=2 /32 Edg me*r dgl mc d¢k

That applied in 19.44 supplies:

d’r -I uz_dzw u ok (dw ’ u’
2 22 1 2 2 1 2 2l 54 I- 2
= mr c| d¢ ¢ mgc kd(zﬁ

c
Simplified results:

3
dr_ Lk (| pfdw) L[ w)dw
ar mcr’\ 7 )\dg) mr’ k c’ )d¢2

Let us find the second derived of the angle deriving 19.40

d’¢ d| L u2 -2Ldr u
2 . R\ 2‘L
dt dt\myr ) mydt my dtk

In this applying 19.42 and 19.45 and simplifying we have

N w

d’¢ 20 dw(l u'\ Lk _dw(, u
a’ mrdg ) m“"d¢k

Applying in 19.04 the equations 19.40 and 19.42 and simplifying we have

o)

The equation of the relativistic gravitational force 19.16 remodeled is
d’r (d¢j s (dr) —k
dr  \dt ¢’ dt r

In this applying the formulas above we have:

, ¢\ m, dg

i 2 B 2
L'k u’ 2 dw ’ I ( u2\d2w L u’ u’ 1(—de u’
ol Ll A 53] 1= o 1= | =1 I——

mcr c)\dg) mr k c }d¢ mr c c
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19.47
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19.49

19.50
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2 2 2 52 2 2 B 7Y
(d_wj L ]udw L ]u{] ](de]uJ}
c

‘d¢’ mr 02_ c{mo d¢ ¢’

a’_w2 I ; wd'w I ; u2_—k . Lk ](] u’
d¢ mr’ o’ d¢2 mjr3 c’ mor2lmjr2 c’ k c’

Kl (drY ( d¢Y
2 el | B K
(dsz 2dw 1 K c\d dt
d¢’ ) rd¢’ r mgrg(d(ﬁj‘l m 8(d¢j4

o \dt
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4]

dt

A <2 ]
dt dt dt

K (dr
, K| dr
(dsz J2dw 1 K \dg K
d 2 2 4 2 2
#) rag s mjw(‘”’j mjw(‘”’j mjcfré(‘”’j
dt dt dt

2 2
2.\ 2 2 kg(er
(d w] 2dw 1 k c\ dt
d¢2

K( dw
(dzwjz 2dw 1 K cz( ! d¢j K
d¢’ ) rdg’ 7”2 mr 8(d¢j m02r8(d¢j2 mjczrﬁ(wjz
dt dt dt
2 (awY
2.3 2 2 2 o 2
(d W] 2d°w 1 k A\ dg k

d 2 2 4 2 2
¢ r d¢ r mzrg(éwj m2r4(d¢j m2c2r6(d¢j
>\ dt >\ dt ’ dt

In this we will consider constant the Newton's angular moment in the form:

L= 249

=r

dt

That it is really the known theoretical angular moment.

d’w 2d2w ] K’ K’ dw K’
d¢’ rd¢ m I mchszd¢ mchL2

2.\ 2 2 2 2 2

d_VZV +2d ijw_'_wz: IZ 4 2k2 2(d_w 2k2 2w2
@ dg m L mcL kd¢ mc L
2.\ 2 2

d v;/ +2d V;W—I-WZ:B—A d_w — AW

d¢ d¢ dg

2.\’ 2 2
(Z—;j +2d_WW+A(fI_Zj +(A+])w2—Bzzer0

Where we have:

k2
T o2
m,c" L

kZ

B=
mL’
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The equation 19.54 has as solution:
1 1
W_g_D[I —gcos(¢«/1 +4 +¢0)]:>W_5_D[1 —scos(gQ)] 19.57

Where we consider ¢ =zero.

It is denominated in 19.57 O°=1+A4.. 19.58

The equation 19.58 is function only of A demonstrating the intrinsic union between the variation of the mass
with the variation of the energy in the time, because both as already described, participate in the relativistic
force 19.06 in this relies the essential difference between the mass and the electric charge that is invariable
and indivisible in the electromagnetic theory.

From 19.57 we obtain the ray of a conical:

. &D e D 19.59
w ]—5cos(¢«/l+A) I-gcos(¢Q) '
Where ¢ is the eccentricity and D the directory distance of the focus.
Deriving 19.57 we have d—wz%@@ 19.60
2 2
That derived results in d v;/:Q COS(¢Q) 19.61
d¢ D
Applying in 19.54 the variables we have:
2 ? 2 :
d_vzv +2d—V2VW+A dw +(A+])w2—Bzzer0.
d¢ d¢ d¢
Q4c0s2(¢Q)+2chos(¢Q)(1—£cos(¢Q) N A‘stenz(¢Q)+(A+I{]—gcos(¢Q)T_B:Zem 1962
D’ D | & D’ &D
Q4cos2(¢Q)+2chos(¢Q) 2Q200s2(¢Q)+A‘Q2 Achosz(¢Q)+(A+]{]—£cos(¢Q)T_B:Zem
D’ D’ D’ D’ D’ &D
Q4cos2(¢Q) 0 cos(¢Q) Q" cos (¢Q) QZ chosz(qﬁQ) (A+1) (A+1)cos(¢Q) (A+I)cos2(¢Q) B
o +2 gD2 o +AD2 A o +52D2 2 5D2 + e B=zero
(Q"—2Q2—AQZ+A+1\COSZ(¢Q): 20° 24 2 WC"S(¢Q): 40° : (4+1) B=zero 19.63
) D’ & D D) D D 2D

In this applying in the first parenthesis Q2=]+A we have:

(07 =207 = 40" + A+ 1)=|(1+ AY =201+ A)- A1+ A)+ A+ 1|1+ 24+ 4 = 2= 24— A— £ + A+ I)=zero
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In 19.63 applying in the second parenthesis Q2:1+A we have:

20° 24 2 ) [2(+4) 24 2
= =ZzZero
eD &b &D eD eD &D

The rest of the equation 19.63 is therefore:

40 (4+])

7 Tp —B==zero

The data of the elliptic orbit of the planet Mercury is [1]:

Eccentricity of the orbit £=0,206 .

Larger semi-axis = a = 5,79.10'°m.

Smaller semi-axis b=a+ 1—-&° =5,79.10" | 1-0,206° =56.658.160.305,80m .

eD=a(1-£7 }=5,79.10" (1-0,206° )=55.442.955.600,00m

ali-£*) 579.10"(1-0,2067)
P 0,206

D= =269.140.561.165,00m .

The orbital period of the Earth (PT) and Mercury (PM) around the Sun in seconds are:
PT=3,16.10"s.

PM=7,60.10°s.
The number of turns that Mercury (m,) makes around the Sun (M,) in one century is, therefore:

3,16.107

N =100 -
7,60.10

=415,79.

Theoretical angular moment of Mercury:

2
r :(rZ%] :GMOa(I—gZ):6,67.10’”1,98.10305,79.1010 (1—0,2062):7,32212937427.]030

GMom, ) _(GM,Y (667,007 1.95.10"
m’l’ 8 (30100) (732,107

=2,65.107%.

_11 VY 2
o (GMym, P (G, ) 66710 F198.00") 52510-22

mg L r (3210")

O=+1+A=+1+2,63.10" =1,000.000.013.23
Applying the numeric data with several decimal numbers to the rest of the equation 19.63 we have:

A0° (4+]) B=2,65.10’8(1,000.000.013.23)2I 265107 +1

EREI PR ~-3,25.107%2=8,976.10~
D’ &°D (269.140.561.165,00) (55.442.955.600,00)

Result that we can consider null.
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We will obtain the relativistic angular moment of the rest of the equation 19.63 in this applying the variables
we have:

AQ° (4+1 GM,)|  (GM,) I oM,) | (GM,)
D +(52D2) B:(chZ;))Z {H(CZL”Z) :|+6‘2D2 {H( cZLOZ) ( L40) =zero 19.71

2 2
gL' (GM, Y {1+(GL")}+L402 {1+(GCZLLOZ)}—0282D2 (GM, ) =zero

c’r
2 2
gsz(GM,,)Z+82L2(GM,,)2%+L4CZ+L4c2%—c252D2(GM0)2=zero
4
e’L(GM, ) +&’ (GM;’) +L'?+ L (GM ) —c’¢’D*(GM )’ =zero
C
L +(]+52 XGMO )ZLZ +82M—C282D2(GM0 )2 =zero 19.72
c
2 2 (GM )4 2
~(1+e2Yam, ) £ 1+ Xam, | -4c2| £ %70 ) 22D (Gm,)
C
L=

2¢?

o —(1+e2Xom, Y £y(1+2 Y (GM, Y —42 (GM, ' +4¢£2D* (GM,

2c’

LZ_—(]+52XGM(,)ZJ_r\/(]+252+g4XGM(,)4—452(GM0)4+4C452D2(GM0)2

B 2¢?
LZZ—(1+52XGM(,)ZJ_r\/(GM,,y+252(GM0)4+54(GM0)4—452(GM(,)4+4c452D2(GM0)2

2¢’

LZ_—(1+.92XGM0)2 +J(GM,) +&'(GM, ) -267(GM, ) +4c’e*D* (GM, )’

- 2¢’

2 2 2 4 4 2.2 2
L2:_(]+‘9 Jor,) - Z(ZGMO) e DG 501207528, 10° 19.73
C

This last equation has the exclusive property of relating the speed ¢ to the denominated relativistic angular
moment that is smaller than the theoretical angular moment 19.66.

The variation of the relativistic angular moment in relation to the theoretical angular moment is very small
and given by:

30 30
:7,322]2927328.]0 —~7,32212937427.10 138,107 = —1 19.74

7.32212937427.10% 72.503.509,00

That demonstrates the accuracy of the principle of constancy of the speed of the light.
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In reality, the equation 19.06 provides a secular retrocession perihelion of Mercury, which is given by in
A¢=272'415,79(é—1j:27z415,79(—0,000. 000. 0]3.23):—3,46. 107 rad. 19.75

Converting for the second we have:

-5
Ag= 346.10 .]80,00.3.600,00=_7,]3,,. 19.76
T

This retrocession, is not expected in Newtonian theory is due to relativistic variation of mass and energy and
is shrouded in total observed precession of 5599. "
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§8§19 Advance of Mercury’s perihelion of 42.79”

If we write the equation for the gravitational relativity energy Er covering the terms for the kinetic energy, the
potential energy E, and the resting energy:

1 m c’
E,=mCc’| ——-1|+E_+mc’=——2—+E_. 19.77
u’ i u’ ‘
1-— 1-—
C C

Being the conservative the gravitational force its energy is constant. Assuming then that in 19.77 when the
radius tends to infinite, the speed and potential energy tends to zero, resulting then:

m.C 2
E, =—=——+E,=mc 19.78
u
1———
c2

Writing the equation to the Newton’s gravitation energy Ey having the correspondent Newton’s terms to the
19.77:

mou2 k ) 5
Ey = 5 ——+m.c’=m.C 19.79
r
m u’

-k
Where is the kinetic energy, — the potential energy and moc2 the resting energy or better saying
r
the inertial energy.

From this 19.79 we have:

mu’ k 2 , _mu’ k > 2k 2GM mg 2 2GM,
-——+mcCc =m.Cc” = =—=u = = u” = 19.80
2 r 2 r m,r m,r r
Deriving 19.79 we have:
dE, d(mu’ k )
=—| ———+myc" |=zero
dt dtl{ 2 r
m Z2udu k dr
—+——=zero
2 dt r-dt
Ldu_ —k dr _—GM,dr
dt mor2 dt r® dt
pdu_ =M dr
dt r® dt
du -GM,
u—=—— 19.81
dr r
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Making the relativity energy 19.78 equal to the Newton’s energy 19.79 we have:

2 2
m.,c mou-  k
B, =F, > —=——+E, =—2——-—+m/’ 19.82
ul 2 r
1-—
C
2 2 2
e +E_p: m,u”  GM m, m.C 19.83
2
m, 1_% m, mg,2 m.r m,

E
p=—2 19.84
InO
We have:
2 2 GM
C =8 _T0,?
1 _ﬁ 2 r
o2
2 GM 2
=4 _Zo, - € 19.85
2 r 1 _i
o2
In this one replacing the approximation
l 2
A1+ 19.86
u2 2c
1-—
C
We have:
2 GM 2
p=Y -0 c? —02(1 +u—2]
2 r 2c
That simplified results in the Newton’s potential:
2 2
GM —GM
p=" e por o2 Y o 19.87
2 r 2 r
Replacing 19.84 and the relativity potential 19.85 in the relativity energy 19.78:
2 2 2
m.c GM C
E, =—F/——+m, g4 ° 4ot ——— 19.88
u2 2 T u2
1-— 1-—
C C

We have the Newton’s energy 19.79:
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Deriving the relativity potential 19.85 we have the relativity gravitational acceleration modulus exactly as in
the Newton’s theory:

-d
a= 4
dr
—dep -d|u® M g
= ¢=— 2 ° 4o’ -
dr dr| 2 r u?
e
-dfu* &M, ,) d c’
a=—-1I—-— +c’ |——| -
dr\ 2 r dr u’?
1-—=
c

Where we have:

—dfuv* eM, ,) —-d[E, — , -
—_— = +cC” |=——| — |=zero. Because the term to be derived is the Newton’s energy divided
dr\ 2 r dr{m

[e)
E  GM
by m, that is —- = u?——°+ c? that is constant, resulting then in:
m r

02 zdr
1-—>
c 1

In this one applying 19.81 we have:

-1 GM,
a= - 19.89

3
u’ \2 r
1-—
C

The vector acceleration is given by 19.05:

2
2 24| .
5= ﬂ_r(d_ﬂ f+{2£d_¢+rd_¢}¢
dt? dt dt dt  dt?
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The relativity gravitational acceleration modulus 19.89 is equal to the component of the vector radius (

thus we have:

d’r (dgY’ -1 GM,
a= PR = 3 2
dt dt 2\; I
12

Being null the transversal acceleration we have:

{2£d—¢ d ¢}¢—zero

dt dt dt
dr d d’
—E—é+r f=zero
dtdt dt

> dg

That is equal to the derivative of the constant angular momentum L=r gt

=Zero
dt dt dt dt dt dt’

2

Rewriting some equations already described we have:
1

W=—
r

ow
dw=—-dr= dw:—2dr
or r

dw _ —_lg dr r2olw and dw —1dr
d¢ r° d¢ d¢ d¢ dt  r? dt

dr _ dgdtdr L dr_-L , dw dr dw

dt dtdgdt r’dé r° d¢ dt de¢

d2r_g(drj dpdrdf  dw) Ldf  dw) -T'd
dt* dt\dt) dtdgdt d¢ ) r°dé d¢ ) r° d¢’

From 19.90 we have:

1 3u’ dzr_r(d_¢j2 _ —GM,
2c¢” )| dt® dt r’

In this one we 19.94 the speed of 19.80 and the angular momentum we have:

[ 3 (2aM | -1 d*w (LY | oM
1- 2 2 ;T 2 =T
e r r* d¢ r r

3GM, 1 d’w 1 GM
1- 2 |~ 2o
c de’ r L
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19.93

19.94
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(1 3GM, 1jdw (1 3Gm, 1)1 GM,
c? d¢’ ¢’ r)r I/

d’w 3GM d’w1l 1 3GM, 1 GM
—+—— — =zero

d¢2 ¢ d¢’r r c° T

dw _dwl 1 1
2—A 5 +——A—2—B=zero
dg d¢°r r r

d’w d’w 5

2—A 2w+w—Aw —B=zero
d¢ dg¢
d’w d’w 5

2—A 2w—Aw +w—B=zero
dg¢ dg¢
Where we have:

_ 3GMO B= GM,

c2 12

The solution to the differential equation 19.95 is:

=L[1 —5cos(¢Q+¢O)]:> W =L[1—5COS(¢Q)]-
&D &D

Where we consider ¢ =zero

Then the radius is given by:

1 D &ED
r=—=—————-—"r=

w 1—gcos(4Q) 1-¢ecos(¢g)

Where ¢ is the eccentricity and D the focus distance to the directory.

dw Qsen(4Q) and d’w _ 0’ cos(¢o)

Deriving 19.97 we have — = >
d D dg D

Applying the derivatives in 19.95 we have:

d’*w d’w 5
> —A——Ww—Aw +w—-B=zero
d¢ d¢
Q2cos(¢Q)_Achos(¢Q) 1 [
D D

0 cos(¢Q) B AQ? cos(¢Q)[

D &D
0 cos(dQ) 20" cos(¢0) " AQ’ COS(¢Q)gco s(¢0)-
D D’ &b’
A

gD
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1
———¢&Cos

- 1_gcos(m)]—%[1—28cos(¢Q)+g2 cos2(¢Q)]+[
gD

—+ 2gcos(¢Q) ——¢€ cosz(¢Q)+———D€COS(¢Q)
&l

19.95

19.96

19.97

19.98

19.99

1- gcos(¢Q)] [l gcos(g)f +$[1 gcos(gQ)]-B=zero

(@)} B=zero



cos(¢Q o’
D

(G
cos(m)(
6

1J+AQ cos’(¢Q) Acos2(¢Q)_ A

D? e’D*  &D

Q2

- - + ——=zero

AD? Ae’D* AeD A

_1 +AQ cos’(dQ) Acos’(4Q) A 1
AD

Q2 1
8D 8D A

cos(go
D

Q° B
> > 2+ —— =7Zero
A D £D® AeD A

] Q cosz(¢Q) cos (¢Q)_ 1 1

B
; _x .= = —+————=2zero 19.100
D D A & & A D AeD A

cos’(dQ) (. cos(f)(Q® @ 2 1 1 1
20T (0)(ge 1), o) & -1

&
The coefficient of the squared co-cosine can be considered null because Q~1 and D? is a very large
number:

2
&2(@)(@2 ~1)=zero 19.101
D

Resulting from the equation 19.100:

coslg)fe® o, 2 1) 1 1
A

B
0 0 N 5 +t————=zero 19.102
& &

D" AeD A

Due to the unicity of the equation 19.102 we must have the only solution that makes it null simultaneously
the parenthesis and the rest of the equation, that is, we must have a unique solution for both the following
equations:

o o 2 1 1 1 B
= = 44— ——=7ero and —?-{-———:zero 19.103
A &b & A D AegD A

These equations can be written as:

1 1 1(1 2
[a b]:)———:—(———j 19.104
A &D Q A &D
1 1 &éDB
A &D A

1 1
In these ones the common term a = ——— must have a single solution then we have:
A &b

1(1 2 DB
[b=c]= (———j=—g 19.106
0*\a D A

With 19.96 and the theoretical momentum we have:

3GM, M, EDGM,
= B= 17 = ¢DGM, gDB="—"2=1 19.107
c? I? L
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It is applied in 19.105 and 19.106 resulting in:

1 1
[a=c]lm——— ==
A & A
1(1 2 1
pomclo (121
O°\A &b A
From 19.108 we have the mistake made in 19.105:
1 1 1 1
———=—=—R)Zero
A & A &D
1 -1

== =-1,80.10"" =zero
D 55.442.955.600,00

From 19.109 we have Q:

1(1 2 1 2A 2 3GM
_(_——):—:)Q2:1——:>Q2:1—— o

0’\A ¢D) A &D ed ¢’

It is applied in 19.104 resulting in 19.110:

1 1 1(1 2 1 1 1 1 2 1 1 1
A & QO°\A &) A & (1_2Aj A &) A & A
&D

From 19.112 we have:

e, _ [ 6(6,67.107)1,98.10%°)
(55.442.955.600,00)(3.10°f

That corresponds to the advance of Mercury’s perihelion in one century of:

> Ap=A¢. 415,79=(l—1]. 1.296.000,00.41579=4279"
Q

Calculated in this way:

In one trigonometric turn we have 360x60x60=1.296.000,00"seconds.

The angle ¢ in seconds ran by the planet in one trigonometric turn is given by:

1.296.000,00
0

$0=1.296.000,00= ¢ =

If 0>1,00 we have aregression. ¢ <1.296.000,00.

If 0<1,00 we have an advance. ¢ >1.296.000,00.
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The angular variation in seconds in one turn is given by:

_1.296.000,00
Q

Ag —1.296.000,00z[l—ljl.296.000,00.

Q
If Ap <zero we have a regression.
If Agp >zero we have an advance.

In one century we have 415,79 turns that supply a total angular variation of;:

ZA¢:A¢.415,79:{——1].1.296.000,00.415,79:42,79”
Q

If ZA(I) <zero we have a regression.

If ZA(I) >zero we have an advance.

§20 Inertia

Imagine in an infinite universe totally empty, a point O' which is the beginning of the coordinates of
the observer O'. In the cases of the observer O’ being at rest or in uniform motion the law of inertia requires
that the spherical electromagnetic waves with speed c issued by a source located at point O' is always
observed by O', regardless of time, with spherical speed ¢ and therefore the uniform motion and rest are
indistinguishable from each other remain valid in both cases the law of inertia. To the observer O’ the
equations of electromagnetic theory describe the spread just like a spherical wave. The image of an object
located in O’ will always be centered on the object itself and a beam of light emitted from O' will always
remain straight and perpendicular to the spherical waves.

Imagine another point O what will be the beginning of the coordinates of the observer which has the
same properties as described for the inertial observer O'.

Obviously two imaginary points without any form of interaction between them remain individually and
together perfectly meeting the law of inertia even though there is a uniform motion between them only
detectable due to the presence of two observers who will be considered individually in rest, setting in motion
the other referential.

The intrinsic properties of these two observers are described by the equations of relativistic
transformations.

Note: the infinite universe is one in which any point can be considered the central point of this
universe.

(§ 20 electronic translation)
§20 Inertia (clarifications)

Imagine in a totally empty infinite universe a single point O. Due to the uniqueness properties of O a
radius of light emitted from O must propagate with velocity c. If this ray propagates in a straight line, then O
is defined as the origin of an inertial frame because it is either at rest or in a uniform rectilinear motion.
However, in the hypothesis of propagation of the light ray being a curve the movement of O must be
interpreted as the origin of an accelerated frame. Therefore the propagation of a ray of light is sufficient to
demonstrate whether O is the origin of an inertial frame or accelerated frame.

Now imagine if in the universe described above for the inertial reference frame O there is another
inertial frame O' that does not have any kind of physical interaction with O. In the absence of any interaction
between O and O' the uniqueness properties are inviolable for both points and rays of light emitted from O
and O' have the same velocity c. It is impossible for the velocity of light emitted from O to be different from
the velocity of light emitted from O' because each reference exists as if the other did not exist. Being O and
O' the origin of inertial frames the propagation of light rays occurs in a straight line with velocity ¢ and the
relations between times t and t' of each frame are given by table I.
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§21 Advance of Mercury’s perihelion of 42.79” calculated with the Undulating Relativity

Assuming ux=v

(2.3) U'x'= u>2<—v = VZ_V =>u'x'=zero
l+y;_2vux 1+y;_2vv
2 2 2 2
c c c c
Ux=v ux'=zero

(117) dt'=dt 1+——2VUX_dt,/1+——2VV:>dt' dt 1——

2
(1.22) dt = dt'\/1+v' WX _gp 1+ +m:>dt dt 1+

C2 C C

2
dt'=de [1-2 de=dt' [1+ —2
C

2 12

1-Z 1+5-=1

c c
V:L szL
v 1 Ve
1+ 1[ ——
2 2
c c
dt>dt' v<v' vdt=v'dt'
- — — . —
(1.33) V= - = - =V=——
] L P o | ) 1 L]
\/1+"2+2ng \/1+V2+2V20 1+7
c c c c c
(1.34) V'= — ==
\/1+v_2vux \/1+V_2VV \/1_V
2 2 2 2 2
c c c c c
L LT
v= —v'=
v v?
1+ 1--5
c c
Forf——p Pe—rf=—F | =[F1=r
dr=drr+rdr=—dr' dr'=—drr—rdr=-dr
rdr=drrr+rrdr=dr rdf'=—drrr—rrdr=—dr
- A . 2 2
dt dt dt dt dt dt

ﬁ,zd_f':iﬁz{gf+rd—¢¢j V.2:§.§.:(£j2+(rd_¢jz

at' at'
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a=

dv _d’F _dir?) _ dzr_r(dqif) ,drdg d¢ 3
dt dt? dtt |df? \dt dtdt Y ar
- dv' dr d
a= 2
dt' dt

21.12
N 2dr d¢
dt'2 dt’2 dt'
=V

g d@;ﬁ 21.13
' dt' t'
- 21.06
v
CZ
o = = 12 =
- d( V):d( v _dt d( v _1+V_Zi v 21.14
de'  dt \/1—"2 dt' dt \/_V2 ¢ dt| | v
C2 C2 C2
2 2 3= 2
o _dv +v_2#2 /1_12ﬂ_;i 1-2
at' c (1_vj c-dt dt c
c2
_m__adv

c
— 2 — —
~__dv' l+v'2 1 : l—— l_V_2ﬂ+ 1 Vdvvz
dt' c (1_‘/) c” dt 1—V—2 dtc
C2 c2
-~ dv'_ 1 v 1 (1 szdv dv v
maET T AT Bl N AT
dt c A c”)dt dtc
-7)

21.15
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\/1+v'22 \/14_‘/'22 dt' (1_‘/72 ?)dt dtc
c C o2
B = [F(-dr)=[F.ar=] ;—ffdf
N (A= | 7= 1 d_‘?_ 1) — e [ v d_ﬁ dv v :i P
Ek—J.F ( dr) J.F.dr j > dt'( dr) j ) BL(l czjdt+ at cz}dr 2 rdr
2
c 2
— 2 - -
B = [e—avdt = [Tk 3((1 Y av 2 yyavat V= [=X g7
\/ ¥ dt' 2 *L c dt dtc r
1+ v© )2
2 1-—
mdv'v' m [ WP vv
Ekzj. 2 = o l—— dvv+vdv—- I—rdr
v AU c?
c 2
my'dv' m ( v’
Ekzj. = = — 1——2 vdv+vdv I—dr
° AU ¢
c 2
mvdv_ mvdv (. v’ v)|_[-k
By f\/ =| etz —I?df
ve )2
1-
o [ cz)
E :Jmov dv' :J. movdv3 z‘[%dr dEk:mOV av' _ movdv3 :_—J;dr
2 3 2 3
147 Ve o 14 V- AT
CZ 1—7 C2 1—7
c c
12
E,=mc? /1+ ﬁ——ﬂ:onstant
2 2
E,=mc? /1+%—£:constant ER:mO—CZ—Ezconstant
cc r v T
o2
mc®  k ° k mc k
Ep=—pF= = —;:moczvL 02 L E,=—— —g:moc2
1-—5%5 1__£Qgi
c c
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1 _E, | k1 _E
2 R2+ 2 H= Rz
\/1_v mc® mcr mc
2
C
3
1 2=H+Al 1 3=(H+Alj
7 g
C c2

I=Fxv=Fx—=L —=rx =1 . —(drf rd—¢¢3)
1+V. 14voL \dtt o at
c? c?
L:rzj—i]; =Lk = constant L=r* d¢
dEkszV dv’ _ ITIOVdV3 _fdr:%f.df
\/1+V'2 ( szz d d
CZ 1 >
c
Ly _pp=— b _5dV_—kpdf_—k;y
t 2y dt rfodt

-2

FoMd __—kp

25\
F T 3(2drd¢+rd¢; p=zero
2 N\ dtde  dt
-2

2
= m, d’r do\ |- —k 4
Ff_—§ P_r(_) =T
2)2 t dt r

d¢ _ L dr_ . dw d’r _—I7 d%w

- = =]

dt r? dt  d¢ dt?  r? dg?
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. 2 . _
R J I;dw_r(%j }:_fgr 21.33
2 d¢# \r r
1 v

2
%{%JA} Sl 21.34
R
1-V_
2
C
1Y(d%w 1) &M
(H+A_j dw,1)| % 21.35
r)\d r L

H—d Wl y3adw wlisad- Sl

d¢* r d¢’ r r I

Hﬂﬂtf 1324w W+ 3Aw Gl\;jozzero
dg? de’ I
H=—"2 a=—*k G G =" 21.36
mc moc mc c L
B 389 307 B zero 21.37
d¢’ d
_ 2 07
=1L [i+ecos(po)] dw _ ~0serig0) dw_—Q cosgo) 21.38
r &D d¢ D d¢ D
—0%cos(g0) 0°cos(go) 1 1 ’
HT+H_[1+SCOS(¢Q)]+3AT_D[1+SCOS(¢Q)]+3A{_D[l+gCOS(¢Q)]} —B=zero 21.39
& &

—QZHM+HL+HL(9COs(@)—@%[lhecos@@h 27 +2scos(go)+ & cosz(¢Q)]—B:zero

D &D &D &D

P SO s!¢Q!+H 5 CO s(¢Q) 30°A cos(g) _3p°Aco S(¢Q)gcos(¢Q)+
D gD &D D &D D

3A 3A

+£2D2 o 28cos(¢Q)+

& “cos(¢0)-B=zero
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—Q2H CO§§¢Q2+HL+H COS(¢Q)_ 3Q2A COS(¢Q)_3Q2A C0522§¢Q)+
D D D

D gD gD
2
+ 32A2+6A Cos(¢Q)+3ACOS2(¢Q)—B:zero
gD &D D D

ygcoslé0) ,  coslo) 3p°acoslgo)  eacoslo)
D

D &D D &D D
2 2
—30°AS0S 2(¢Q)+3ACOS §¢Q)+Hi+%—3=zero
eD &°D
2 2
(—Q2H+H—3Q A+6_A\COS(¢Q)+(_3Q2A+3A)m82¢_Q)+HL+%_B:Zero
eD &D) D D gD €D

2 2
(—3Q2A+3AM—}COS 90 +(—Q2H+H——3QA+6—A\COS(¢Q)+H L 32 __B_sero
34D eD &D) 3AD 34eD 3AgD* 3A

(1_Q2)Cos2(¢Q)+(—Q2H +£_Q_2+L\cos(¢Q)+ H .1 B

——=Z€ero
D2 34 34 & &) D 34¢D  £2D7 3A
2
o*~1 (l—Qz)msf—szzero
D
2 2
(—Q_H+£_Q_+L\cos(¢9)+ H . 1 B __ ...
34 34 & &) D 3AeD &D’ 3A
J—WQ —zero=—H 4 212 B —zero
D 3AeD &°D° 3A
2 2
D 3A 34 €D &D
2 2
QH+£ Q +Lzzero H +—1 —ﬁzzero
34 3A &D &D 34D &°D° 3A
[a:b]:>£+L:L(£+Lj la=c]m 2+ L _£DB
34 &D Q°\3A &D 34 e&D 34
2
&DGM_ €DGM
0?=1 g=tE =T g gDB=""—"e="""0_1
mc” mc L EDGM
- b]:£+L:l(i+Lj:Lzzero S S RN NS
34 &D 1\3A ¢&D gD 34 &D 3A &D

b=cl=>L {242 )28
Q°\34 ¢&D 3A

&EDGM_ &DGM
— o _— o _—

2

=1
L' &DGM,

eDB
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[b:c]ji(iJrLj:L
O°\34 &D) 3A

2=+ 04

&gD

Q:Q(H) The regression is a function of positive energy that governs the movement.

E
H=—tr I 4 0?=1+04 Regression
mc*  mc? gD
- b]:L+L:#(L+AJjL:Zem
34 &D (1 +6A) 34 eD) D
D
2 2
3A5D(ﬂ+i_9_+éj:zem 3A52D2(L+L_£jzzem
34 3A ¢&D &D 3AeD &°D° 3A
e ER2 2=, B=GZZO
mc c? L

—Q°HeD+HeD—Q°3A+6A=zero
—QX~3A+&D)-3A+&D—(0*3A+6A=zero
0%3A—-0°%D+&D—Q3A+3A=zero

—0%D+¢&D+3A=zero

HeD+3A—eD(¢DB)=zero

HeD=—-3A+¢&D

0?=1+32

gD

This regression is not governed by the positive energy

102/172

21.47

21.48

21.49

21.43



_X_/:‘ =dt| d ( _‘7'
|2
dt dt \/1+v

C
> - N
v dv' o, d >
)V e "dt-( 14 J
l+72

:\/zi v
dt dt' g :

2 L\/l—i-v C

C

dt'
2

dt C2 (l+ 'Zj C dt' \/ '2 w7
C2
- : |
é:%: 1-¥ =L 1 2\/1+V_dv
: 1
t c (1+vz) \/1+Vz
© C

C
" mOé = p d‘_/;= -, |7(1+V_'2jdf/:
1 V2 V2 dt 12 %I_ C2 ae
_? _? 1-|-V72
C
_E’:’:mé: moa _ mo dﬁ
\/ % \/ _vdt
c? -
P

. i % _ |
Femg=_T2 __ T dv_mm_ — 3 (1+V jdv
l_ﬁ E v? )2 ¢’ )dt

C2 c2 (l_'_c2j
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B, =[F.ar=[F (-ar)=| ‘r—ff(— dz) 21.54

dt'  dt'

5= [Far=[F (ar)=[ \/mo Y g [T ((1+Z—de—‘?—v'ﬂi}(—df')=j‘r—];f(—df') 21.55
1-Y 2

12 \ (|
E I df}g % (l+v_2jd*vdr v'd yadr' V2 ZJ'%Adf'
AV c dt' dt'c r
= 1+
c
12 { Jopd |
By = dvv= T 3[(1+V—2jdv’v’—v'dv'vg}_ —];dr
1—2- sz o c C r
c I+
c
V2 ,2
Ek:J' myvdv :J m, 3'(1+V_2jdvv—vdv . :J'_]2<dr
\/ v’ 12 EL c c r
T2 1+
& (%)
B, Imovdv myv dv’3 (1 V B ) I—dr
2 1+
mvdv myv'dv' - mvdv mv'dv —
By I J- Ir_];dr dE, =—> =—= 3——]2<dr 2156

3
\/1_V w22 \/ _LZ 2\, T
C’2 l+? C2 l+?
—mc }1—— —mc ——+constant 21.57
/1 v

2 —mc?
E,=-mc? [1-Y-—EK—constant ER:—O—E:constant 21.58
e c® r v2 or
e
-mc®  k vk _-me®  k
jo—- 2__:_mocz+%2 _k E,= =-mc’ 21.59
|} o0
1+ * 1+L£
c
— E
L - 2, k1 21.60
\/1+V'2 mc® mc’r
2
c
E GM GM
H=—E A=K 20 2% 21.61
mc mc”  mcC c
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L'—r‘xv'——rrx{—(drf+ d¢¢?ﬂ: 2d¢(f><¢)— Zd—¢]€
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\/ v V'2 > r r
e 1+ 2
dEk_al_’l m, ,dv' ﬁ"df'_ﬁ"—’v
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2
c
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2
c
2
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21.64

21.56

21.65

21.66

21.67

21.68

21.69



2
1 3(dv; ;:leéo 21.70
V'2 5kd¢ r I'
)
C
1Y(d% 1) _6M
—(H+A—j = =2 21.71
r)\d¢~ r) L'
2 _
(H+3Alj aw, 1 Gfo
rAd¢” r I
HM+H1+3Ad—”gl+3Ai=_Glgo
d¢* r d¢” r r A
Hﬂ+H +3AdW +3Aw +GM°:zero
dg? d
M
H= ER2 AzGDgO =G -2 21.72
mc c I'
Hﬂﬂi +3AdWw+3Aw +B=zero 21.73
d¢’ d
@:—QSGH!W! d2w=—QZCOS(¢Q) 2138

_1_1 cos
YT e [1+ecosigo)] de D d¢’

D

2
H_&QDWCILQ)+HLD[1+5CO sgo)]+ BA_(fﬁ;gﬁ—Qzé[lJrgco slgo)]+ 3A{$[1+£co s(¢Q)]} +B=zero 21.74
&

PRL: U] IS R R

D &D &D

e, Aﬁ—)[lhecos ¢Q)]

_ppcosl#0) , ;1 Hcos(¢Q)_3QzA cos(¢o) 30°A cos(Q)
D &ED &ED D &ED D
+ 532D2 3A ) “(p0)+B=zero
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[l+28cos(¢Q)

gcos(g0)+

+82cos2(¢Q)]+B:zero



_QZHCOS£¢Q)+H COS(¢Q) 30 ACOS(¢Q) 3Q2A
D 5D gD
2
3A 6A cos(¢Q)+3Acos (¢Q)+B:zero
5 ’p? 5D D?
prcoslg0) coslp0) 3% coslp)  6a coslgn)
D D &D D &D D
2
3Q2ACOS (¢Q)+3ACOS (¢Q)+H 3A ——5t+B=zero
D D & D

2 2
(—Q2H+H— 04 +6—A} COS((‘ﬁQ)jL(—3Q2A+3,Zx }J—HOZZ(@ +

&D eD D

cosf¢Q[+
D’

3A

1 _
H—+—S—>+B=zero

ED &D

l+3AB

(—3Q2A+3A)%¢§—Qz ( Oren_30°A 6a)coslgo) .

&D gD D) 3AD

S, t__=zero
3A€D 3Ag°D" 3A

2
f—g?)eos62)., ( O H_ Q' 2cosld) H 1 B_ .,
D 3A 3A 8D &D ) D 3A8D &D” 3A
2
0°~1 (l—Qz)msf—szzero
D
2 2
(ﬂ+£_Q \COS@Q) 41 +izzero
34 3A &D gD) D 3AgD &D° 3A
ﬂ@zzeroji+%+£=zero
D 3AeD &°D° 3A
co ¢Q;atzero:> QH H Q -~ =zero
D 3A 3A gD &D
_QH v:i Q = =zero H o) B _,ero
3A BA &D gD 3A¢D & D 3A
la=b]= H+1=1(H+ij [a=c]> L+ 1 =_£DB
3A &D Q 3A &D 3A &D 3A
2
=1 = Er _—mC -1 gDB:gDGM EDGM,, _1

[a:b]zi_,_L:l(i.,.Lj:L:zero
34 &D 1\3A ¢&D &D

[b= C]ji(i+i)=_@

o‘\3a eD 3A
DGM_ &DGM
epp=5PCM, _ eDCM, _ 4
I?  &DGM,
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la=c]> 2+ ===

&DGM,

1, 1 1 1
34 ¢&D 34 &D

=Zero

21.75

21.76

21.77

21.78

21.79

21.80

21.81



[b=cl= 1(£+2j—_i
0°\34 &D 34

Q:Q(H) The advance is a function of negative energy that governs the movement

6a
&D

O*=—H-

2
H= Bp _—mC” =-1 Q2=—(—1)—6—A:>Q2=1—6—A Advance
2 2
mc® mcC eD eD
[a b] 1+ l__ 1 _ (—1+LJZ>Lzzero
34 &D (1_6Aj 34 ¢p) eD
ED
. ER2 AzGl\é/O _GM,
mc c g
) 2
OH, H & ,2_,.r0 _H 1 B _ero
34 3A &D &D 3A¢D &°D° 3A
2 2
3A8D( OH H_O j—zero 3A82D2(L+L+
34 3A 8D eD 3AeD  &°D?

—QO’HeD+HeD—Q?3A+6A=zero

eDGM, _€DGM
EDB= o= °o=1
¥  &DGM,

—~QX~3A-¢£D)-3A—£D—0"3A+6A=zero

0?34+ 0%°cD—eD—Q°3A+3A=zero

HeD+3A+¢&D(eDB)=zero

HeD=-3A—-¢&D

B

3A

O?eD—eD+3A=zero ?=1-3A
&D
This advance is not governed by negative energy
—Q°HeD+HeD—(Q’3A+6A=zero
—QX~3A-¢D)+HeD—0*3A+6A=zero
0°3A+Q°6D+HeD—Q?3A+6A=zero
0?eD+HeD+6A=zero ?=_p_0A
&D
2 2
(g, 0 2Jeoclid), 8, 18,
3A 3A gD eD ) D 346D &°D* 3A
2 2
3A£2D? ( Q H+£_Q_+L\COS(¢Q)+ H , 1 Bl ero
34 32 &b eb) D  3AsD &D° 3A
gD(—Q2H3A£D L H3AeD 0%3AeD 2. 3aeD \cos(#0) | H3AD? | 3A¢°D? | B3AD?
34 34 &b eD D 3A&D &°D? 34
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=zZero

21.82

21.83

21.84

21.78

21.85

21.86

21.87

21.88

21.85

21.89

21.90

21.77



eD(~0?HeD+HeD—0%3A+ 6A)ﬁ¢—® +HeD+3A+¢&D(¢DB)=zero
D

eDGM,  eDGM E —mgc
gDB=""""0=""""o=] H=—E =""0=_]
¥  &DGM, mc®  mgc

D\~ 0?HeD+HeD—(0?3A+64)<° W09)_;p1 384 5p=zero
D

(~cPHeD+HED-03A+ 6A)%¢—Q) 34 zero

gD

3A

g?=1-22

§
-
-
(

&gD

1—— eD+HeD— (1 3AJ3A+6A}COS¢Q +32_zero
&D D &D

H£D+H£D—+H8D 3A+3A3A+6AJM+3—A=zero

&D D eD
HeD+ H3A+ Hep—3a4 28 yen|C0s00) 3a_
& ) D D
H3A+ +3A\COS(¢Q) 3—A—zero
) &D
2
E —mc
H=—f=—o7=-1
mc®  mc
2
(—3A+9A +3A\COS(¢Q)+3—A=zero
& ) D &D
2
9a% coslfo +34 —zero cos(go) +L =zero
gD D gD D 3A

(~cPHeD+HED-03A+ 6A)%¢—Q) 34 zero

Q2

-
-
-

gD

6a
&D

=1-

(1—— eD+HeD— (1 6AJ3A+6A}COS¢Q +32_zero
&D D &D

H8D+H£D—+H£D 3A+3A6A+6A)COS¢Q +32_ero
&D D eD

2
HeD+ H6A+ HeD—3A+ 154 +6Aj cos(#0) , 3 _ .
&D D gD
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(H6A+ 18A° +3A) cOS(“’jQ)+3—A:zero

&eD D &D
2
H: ER2 = mOC; =—l
mc” mcC
(—6A+18A2+3AJCOS(¢Q)+3—A:zero
&D D gD
2
LK—B}H——l&q jCOS¢Q +3—A}zzero
3A eD D eD
(_1+6_AJCOS - +Lzzero
&eD D &D
—(1—6—‘4)(:05 = +L:Zero —QZJ—2COS 90 +L=zero
gD D gD D &D
(~0?HeD+HeD—0%3A+6A coslgo) 3a__ .,
D gD
2
0?’=1 H= Eg e =-1
mc*  mc?
(eD—sD-3a+62)C0Q) 34 _
D &D
D gD D gD
Q2:1_6_A Q2:l Q2:1—3—A
gD gD
‘_Qzﬂ@L%« M@L%««« cos(¢0) , 1
D &D D gD D 3A
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21.95



Energy Newtonian (Ey)

> =Zero
dt r° myr m,
d¢_L dr__,dw d’r _—1? d%w
dt r? dt d¢ dt? r? d¢?

= PR =zero
d¢) r° myr m,
’ 2
dw| (1 2k 1 2B _, o
d¢ r* mIL'r mL
’ 2E
aw | 1 2k 1 N _zero
d¢ r* mIL r mL
’ 2F
dw | 42 2k2 W———"=zero
d¢ m, L m, L
2F
x= 2k2 = N2
m, L m,L
2
[@J s —xw—y=zero
de
WIL:L[1+€COS(¢Q)] QZA_Q_QSGH 90
r &D d¢ D

dt?

[_QLWQ)T {—[1+€COS(¢Q)]} Xg—[l+€cos(¢Q)] y=zero

D

(o [1 cosz((éQ]
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d% _2r? dw

r de¢

d2w _—0*cos(g)
d¢? D

[l+2£cos(¢Q)+£ cosz((éQ)] x——xigcos(¢Q) y=zero
gD &D



oY% 1 1 1 x _cos@do)
E—ECOS2(¢Q)+E+E28COS(¢Q)+ 82D282C082(¢Q)—8—D—X4D—)—Y—ZGIO
Q_Z_chos2(¢Q)+ 1,2 cos(¢Q)+cosz(¢Q)_i_xcos!géQ[_y:Zero

D? D? gD’ €D D D? eD D

cosz(¢Q)_Q2cos2(¢Q)+ 2 cos(¢Q)_XCOS(¢Q)+Q_2+ 1 X _yezero
D? D? eD D D D? &D*> &b

2
(1_Q2)COS £¢Q2+(L_Xj%@z+i+i_i—y=zero

D? D D?* &°D° &D

cos’(40)
szl (l—Q2)72:zero

D

(L—x\cos(¢Q)+ Ly L X ozero
eD ) D D? &D* &D
(ij 1,1 X iers
&D D? &°D* &D

2F
X = 2k2 y: N2

mI; m L

M
2 _x=zeromx=2=2 1 _GMM 5 .poy
&D e mI’ & mI
212 212 212
&D gD—gDX—€2D2y=ZerO
D?>  &D* &D
&’+1—-eDx—&’D’y=zero

2F 2K 2&DE
EDx=gD-2 =5 £Dx=2 & D’y =g’D*— L =g N = N
eD mI’ megDGM, Kk
2¢DE

2+1-2-22E0 = zero ENZL(gZ—l)

2&D
1_1 > -k
t==(l-¢ E, =—%
a gD( ) ¥ 2a
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§22 Spatial deformation

f=—=t £>¢
7
C
t=t +t, +—L =2 1 p=2L
c—v cHv c(l_vz) c
2
C
2L'
2
t=2L__ 1 ____c¢ - 1= 1-% I'>1
C

This is the spatial deformation.

The length L' at rest in the reference frame of the observer O' is greater than the length L that is moving with
velocity relative v on reference frame the observer O.

Now compute to the observer O' the distance d'=vt' between O <> O':

'=Vt'=VE
c

Thus we obtain the velocity v: d'=v o

Now compute to the observer O the distance d =vt between O <> (O':

d=vt =V(t1+t2)=VL%
(&

C

Thus we obtain the velocity v: d=v2L_—1 _ N=vV= cd (l——VJ :
2
c

The speed v is the same to both observers so we have:

_cd _cd 2
v=C —C—(l—v—zj

2" 2L c
2
Where applying the relation L=L"/1—V—2 we obtain:
o
v 2 2
ELC{= cd 2(1—V—2J:>d’=d 1-Z d>d
2L'\/1—V2 < <
c

Where the distance d and d’ varies inversely with the distances L and L’
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In general, we obtain (14.2, 14.4):

d(l _ VUZXJ
d=—__c /7 or

1_L2
2
C

ux'=zero d= <
=
CZ
d'(1+‘f§)
ux'=c d= (32
l-z
d.[Hﬂ—_V)}
vor_ _ c’
Ux'=—v d= >
1=z
d[l—QVZ}
ux=v d= c2
1=
d(l—vgj
ux=c d'= c2
-z
d[l_ﬁgl}
Ux=zero d'= <
=
c2

d'(1+VU
d= <
1_L
c2
d=—<
1_v
C

d=d 1-%
C

2
d=d[1-¥
C
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§23 Space and Time Bend

Variables with line t',v',x',y',r' etc...They are used in §21.

Geometry of space and time in the plan xy—>y 1 x.

y=£(x)

x=ct' Y:J.ds':jm
Ids’zf(ct’)

dx=cdt' dy:ds':m
fzxi+y§zct’i+!ds’3 F=x'i+y'J
df=dxi+dyj=cdt'i+ds'] df'=dx'i+dy"'j

dr:r'—drzédx+zdy

r r r
godf _dx;, AV cdts ds's_ 7, .45 gr=dr’ _dx'; Ay s
dt' dt'” dt'” dt' = dt dt' dt' dt’
d ]
dy ds' ,
tg(pzﬂzdt'zdt':lds' dy_d(dv\_1 d(lds’jzldzs'
dx dx ¢ cdt dx? dx\dx) cdt'\cdt') & dt?
dt'
V=047 E=ci F=v'j
5-dv _dc _ dv' dé _,oro av _dv' =z
dt’ dt' dt' dt’ de' dt'

ds’ =dr.dr=(dxi+dyj)\dxi+dy)=(cdt'i+ds F\cdt'i+ds' j)=dx’ +dy’ =c*dt’ +ds"

ds=+c’dt'*+ds"” ds'=/ds’ —c’dt"

dt' dat' \\at’

r 2 U 2
L_ds _ C2+(% ) Yy S Jr=ds' _ [@) P
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K= % —o=Z theoretical curve
s
2 2
dy 1d°’s
d 2 2 ,2
tg([):g—y (p:arctgd_y d—q): dx 2: c” dt 5
X dx X dy L ds'
1+ —= 1+
dx c\dt’
2
ds_ i (v _ [j,1(ds
dx dx ci\dt’
1.d%s’
c’ dt”
2
aop 1(ds’) 1 d°s'
gR=3@_dx___ c\dt') _  c'dt”
ds @ 1(ds' 2 2 %
adx 1+2(') l_+_l(ds')
c dt c2 dty
lds'd’s’  1gd¥
ds'y_ds'd®_ e _,de__ ctdt'de” ¢t dt
dt' dt'ds ds 2 2 \a
[l+1 dS’j} (1+V j
2 r 2
c\dt c
1 = av! 1 dv'
— 0 2 ’ _ 0 2 v
‘71K:‘71d_s= c Olt3 K:d_(ls): c dt .
V'2 2 Vl2 2
1+ 1+
c c
mvdv mv'dv' k Kk o~ -
dE, = = -=——dr=—rdr’ 21.56
l_ 2 V'Z E r r
e 1+
c
2 -
C *de'
m =5V
dE - ° 2 r AR .
dt]: =F' §'=—F dg = ]érgl;,:%rv’
V,Z 2 r r
(1+ czj
dE, - @ o
E=F' ¥'=m V' (P:% v
dt' S r
s 2dP_ ko 5 _do_ k1.
Fl=mc = -="3 K==~ 7%
r S mc'r
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§24 Variational Principle

m_c
E .=/ 2=k+c0nstant 21.21
r
1=-¥-
2
c
2 2
m_v 2 mgc
E, =—=2—+m,c? l—V—Z:L:k+constant
_v ¢ _v2 T
c? c?
2
m.v 2 2 m._v
o | _myc2 [1-Y+K |=m 2 p=4 —mc2 1 X o
2 ¢ r dv c 2
1-Y- 1-¥-
c? o2
2
L=-m?,| 1—V—2+k Lagrangeana.
¢’ r
m,v? 5 , o _
> —L=m_c~ What is the initial energy of the particle of mass mo.
1-¥-
c

2
pV—L=m002 szv—rnoc2 :_moc2 ’1_V_2+%
C

Variational Principle

tZ
AQ50=S:J.L[X(t),X(t),t]dt x=9X_ux This s the velocity component in x axis.

! dt
t2
SS=8J.L(X,X,t)dt=Zer0 Variation of the action along the X axis.
tl
Building the variable X'=X+€1 in the range t;<t<t, we have seen this when €—>zero=>x'=x and
where g€#zero we will have the conditions:

%:ZCI‘O n:n(t) T](tl ):ZCI’O n(tZ ):ZCI'O %:Zero n:%
X K=K %ZT} %:ﬁ %Zzero %:zero

t2 tZ
Then we have a new function I(S)zIG(X+81],X+81"1,‘[)dtsz(X',X',t)dt and where:

t £

t2 t2
g=zero>x'=x >X'=x >F=L= [F(x'X"t)dt= [ L(x,thit

t £

tZ tZ
8;tzero—)x';tx—)X'iX—)F;tL:IF(x',X',t)dt;tJL(X,X,t)dt
tl t1
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So we have I J F [X dt that provides derived:

81(8)_t25F(X X't dx FOF(x' X't dx
& —I pw d I dt I ndt+j mndt=zero

4

d(oF \_d(@F) L oFdn_, oF . _d(@F ) d(&F)
dt(&x'n) dt(&x'jm_ax'dt o ad o) dilan !

Ig}lj dt+j ndt= I ndt+‘[[(i(g£n) ((11,[(2)1:,) }dtzzero
£ ndt+|d| ==n ndt=zero
[ o Zn) 4 )
t,

Jo Son)- 25,

1

OF OF
. =Zem(ta)-25n(ty

I dt( ) J.[aF. (i(g;ﬂndtzzero

1

(t,)=zero

t
Sl(e) ([ oF _d[ oF ﬂ oF _d ( GF)
= == t= —
de .[ [ax' dt\ 6%’ ndt=zero=>n#zero—<", T B

t

ge=zero—>x'=x—>x'=x—F= L:>aL d(@L) Zero

ox dt\ox
L_d - , _ v k
&_d_( jTh|s is the X axis component L=—m_c? I—C—2+;
@ _ 2 1_ﬁ k d| o 2 1_V_2 k
ox| e c2+rj dt{@x( o V 2 r

[ 2
):%[a%[—mocz I—Z—ZH This is the X axis component

1O (¢ )=k (= O = L X X
)—kax(r k(e L gL X

2 3

r
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a2 [ a[k] :\/g2+d_§/ Az’ _ [
6x[ mc-, |1 czj Zero prs zero \ at dr Tt X +y“+z

r’=x2+y?+z?



Ly
0 v2|_ 1, v%)2 2vdv m,v d(
a—x(—mo(ﬂ l—c—zj_—mo(ﬂz(l czj ( . d)'() X2+y2+z )

B
3 X sz_ m,v _1(.2 PR }_ m,v < . myx
| —mc”, [l |= X4y +z )2 2X |= =
ax[ c?) [j_v2l2 V2 R2yRez? ) v
c? c? c?
i mOX — m, dX 1 V i 1 V2 m, 1 2 5_1 2VdV)
dt v2 1 v2 dtV dt \ V 2 2 dt

. ' n | B -5
il o F ﬁ(;ir)- g% W}F I_V;(Jzi:)

, dk [y [v2
d| mx | m, |dt c? 02+ X (Vde __ My I_(l )dx pydv X
dt \/1 2 (1—V2) \/1—V2 \/1_V2\c2 dt (1 z)gL dt dtc?
c? -

C2

x5, l— v2 e  dvx |f :
—kS1= L(l o jx+vdt C2:|1 X axis

kG o I_IV2 U dVyA
3) L Czjy thc ] Y axis

zo o my [ 2 dv z .
—k—3k— gI_(l )z+vd ”e }k Z axis

m, [(_v2 dv x m, [( v2\. dv¥ m, [(, v2\.. dvz |[r_—k=
] ;L(l jx+vd (o2 }h ) (1 ) )}I+thc }JT Sl_(l . )Z+th—c2}k_r_2r
v j v 1
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m, [(, 2 dv x dvy dv X { [_=k;
'_(l )XH_thC 1+(1 )yj+v At 2]+(1 2 jzk+vd ”e k}— r2

"o Kl Czj(x1+yj+zk)+vdv(xi++y3+2f<)}:;—;<f

=i+ k= ik )40 kit ik
=_omy [ dv, dvy |_—k;
F= 1 === =21,
: 3L( jdt th&} ot 21.16
i
CZ
F= o r(l szd—V+vd"V} =< =21.19
3 2 2 ’
§|_ c2)dt dte?| r

§24 Variational Principle Continuation

12 2
E, = m,c’ 1+V—2=& k 4 constante 21.21
c N §
_T
12
B =m,c’ [1+Y =——— MoV 21I1—— —+constante
¢ ,/1—7 1—7
k_ o2 fov? _k_ mgy’ 2 vi k- me®  k_k_k
Ey—==m," [l+—F - =——"——+m,", || -5 —==—=——-"="—"+constante
r C r v?2 ct T v r 1 1
1= 3
C C
k 2 | v? _k_ myv 2 vk >
Ey—==m, " |l+—F = =—"——| —my”,[l--5 += |=m,c” =constante
r c r _v? c r
)
2 v'? 2 v? k m,v>
T'=m,", |1+ T=-m,",[1- E, =-= pv=—""2-2
0 2 0 2 p
c c r 1_V2
2
C
moV vmoV' [N] V'2 V2
pv= V=V =v'p'. p=p. 1+ p'=p./1—~
2 12 c2 02
1-Y= 1+Y
2 2
C C
Eg =E +E,=T+E,=pv—(T-E,)
Ek:T' Ek:pV—T T'=pV—T T=p'V'—T'
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L'=T+E, L=T-E

Eg =E,+E,=L'=pv-L

L'=pv-L L=p'v'-L' L+L'=pv=p'V'
p’zﬂzi m002 1+ﬁ — MoV =mgyv p:d—T:i —moc2 1—V—2 = oV =myV'
dv'  dv' 2 2 dv dv c? V2
1+ -
02 02
di'=dx'i+dy' j+dz'k=—dxi—dyj-dzk =—dF 21.08
dr'_dx's dy's dz'p_ -1 (dx3 dys dzp|_ -1 dF_ v
Pt k= =Lk |=
VEar ar e e 2ldt Tar ae j dt V2
'—y' dx' -1 dX: —Vx —_ =X
*odt 1_ﬁdt l—ﬁ v2
c? c? c?
Py = dr' _ d_ m, 2‘{1+ﬁ MoX' =—myX Px = dar _ d mocz‘{l—v— = MMoX =—myx'
dx'  dx' o2 2 dx  dx c2 2
1+—V2 1__V2
C C
f':x'i+y'j+z'lA<:—xi—yj—zf<=—f 21.07
X':—X y':—y Z':_Z
o o o
O0x Oy 0z
O (O
ox dt\ox
JL d(a_L):ax'aL dt'd(@_Lj: e T oL _ T _ . _ .
ox di\ox ) oxox ddelox) L=pv-L ox ok Px T MmeX
Ox'OL _dt'd(JL 0 (v O s I A O
0x Ox' dtdt[@x]_ VL) o2 ol ~mek')=zero
1+
c
_ 0 (oL )Mo _d&'__ P ov! oL, Mo dX'_ o
ox' T dt T ax Pox' ox 2 dt’
1+ 1+
C c
! ' 12
%zzero %zzero L'=m,c?, /1+‘;—2—%
aL:{ 1/nO d)‘('vzzero r2 :?'.i:':(_?)-(_?):X'2+y'2+Z'2=X2+y2 +ZZ
ox y'2 dt
1+
c
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a_L:i(mocz Hv__zj:i(_kj:_k@(r—l):_u_m—l—l@:k%_:k&

GX' 8X' 02 r 8X' r 8X' 8X' Pr r
oL', M, x', MX'
aX' '2 dt' V'2 =Z€ro
2
nllox x' x'? y": VAR k ' k F_ k"v
=—kX kX kL -k Zk=K(xi+yj+zk

1+V'2 1‘3 r3 rSJ I.3 I' (X y-] z )7 r2

2

C

ma'  _|. R o -m_a' _j.
A _kp ks ok of__—k; =21.19
Vv2 T T V12 r

1+ I+
C C

§25 Logarithmic spiral

pd’w W+Hw+3Ad W w+3Aw’ —~B=zero r=e* 21.37
_ 2 —0?
=L [14ecos(¢0Q)] dw _—Qsen(¢Q) d w_ Q" cos(¢Q) 5138
D do D do D
w=lol _oa dw _ _pea dz—‘;’ =a’e ™
r ™ do dd

HaZe ™ +He *+3Aa%e % **+3A (e ] ~B=zero
Ha’e ™ +He **+3Aa’e >**+3Ae***~B=zero
(1+a%)He™ +(1+a> BAe 2 —B=zero

(1+a® BAe 2 +(1+a® JHe *~B=zero

(1-+a BAW? +(1-+a” )Hw—B=zero

3AW? + Hw — . B2 = 7ero
+a

—Hi\/H2+4.3A B
ad 1

. 1+a®) _H, 1 12AB
w=e=2= ——Hy 1 g2y
23A 6A  6A\ (1+a’)

2
3A{_—ii H2 + 12AB} +H{iiL H? + 12A]§}— B2 = Zero
6A ~ 6A (1+a%)] (1+a?)

-




2
3A[ H j 2+ 12AB | L12AB | |_
{ 6A 6A 6A i1+a2i +az
—H?, 12AB B _,ero
6A 6A Ti+a?) (i+a?)
3A( H) 2(_HJL H2 1288 1 (g2 1248 ]
6A 6AJoA\" (1+a’) 36A2L  (1+a’)
—H?, 12AB — yero
6A 6A Ti+a?) 1+a
2
3a| W s —H_ [y 12AB 1 2(H2+12A]23j B
36A% 7 18A (1+a?) 36A2\ " (1+a

H [2,12AB B
6A ~ 6A (1+a2) (1+a?)

M’ _-H [z, 12AB , 1 (42, 12AB
A 6AY +(1+a2)+12Ak Ti+a’ ))
-H’, H [[p2,12AB__ B _

6A i6A\/H (1+a?) (14a2) 0

H® , 1 (Hz+12ABj_H_2_ B
124 12A0  (1+a?)) 6A (1+a’

=ZCro

=Z€10

H> ,H* B _H’ B
12A 124 (1+a?) 6A (1+a?)

=Z€1ro

§25 Logarithmic Spiral (Continuation)

3 12
_(H+Al d \;V+l :Gl\go 21.71
r){d¢~ r) L
2 —
(H+Alj d ‘;V+l = G1\2/10
r)(d¢” r L'
(H+Alj d—‘;V li-_B H= ER2 A=SMo B=Mo
r)do¢” r m,C c? L
2
(H+Al) (d w11 B=zero
r
2
[ +3HPALLSHA® A3%j w114 Bzero
r’ " )Ldd”

H'+3H°ALi3HA’ LA’ Lan’130°AL 3HA® L+ A" L =zer0
r r r r r r
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(H3+3AH21J(d +1]+B Zero
r)l d¢* r
(H3+3AH2 d—W+w +B=zero
d¢?
) 2
H3—‘(11¢V2V+H3w+3AH2‘(1iTV2Vw+3AH2w2+B=zero

W:l:

1
r D

dw _—Qsen(¢Q) dw_-Qeos($Q)
dé D d¢y? D '

[1+&cos(0Q)]
H{—_QZC]())S((bQ)}HS$[1+8008(¢Q)]+3AH {%W} Liscos(6Ql+

+3AH? })[l+acos(¢Q)]}Z+B:zer0

342C08(6Q) 3 1 31 Q*cos(9Q) 2| —Q?cos(9Q)
H’Q D +H 8D+H 8D8005(¢Q)+3AH [ 5 LD+3AH [ 5 L gcos(¢Q)+

+3AH? { 2]1)2 [1 +2ecos(¢Q)+ &2 cos? (d)Q)]} +B=zero
€

»005(0Q)_ 11, 13 05(0Q) _3AH?Q? cosbQ) 3220 40) "(9Q)
D D’

-H3
Q aD D eD

3AH [1+28C05(¢Q)+8 cosz(¢Q)]+B zero
g

32 eoseQ) cos(¢Q) , H’ , py3¢0s(¢Q) 3AH’Q’ COS(¢Q) _3AH2Q? S0 10Q) COSZ(¢Q)
D &D D ) D’

3AH2 3AH 2SCOS(¢Q)+3AH € COSZ(¢Q)+B 7Zero
e’D e’D?

—-H Q2 COS(d)Q) H H3 COS((I)Q) 3AH Q COS(d)Q) —3AH Q2 cos (¢Q)+
D 8D D eD D’

L3AH? | 6AH? cO8(9Q) _ 4, 1208°(9Q) (<I>Q)
£D’ D D

+B=zero

~HQ?cos(¢Q), W' ., H® cos(¢Q) 3AH’Q’cos(¢Q) 3AHQ’cos’(¢Q)
3AH> D 3AH28D 3AH> D 3AH?:D D 3AH? D?

L 3AH® , 6AH® cos(¢Q),3AH2cos’(9Q), B

T =Z7ZCro
3AH?¢’D? 3AH?:D D 3AH2 D? 3AH2

~HQ’ COS(¢Q) L H cos(¢Q) Q7 cos(¢Q) _Q? cosz(¢Q)
3A D 3A8D 3A° D eD D D?

1, 2 cos(¢Q) cos’(4Q), B
82D2 eD D D? 3AH2

=Z€1ro
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cos’ (¢Q) _Q? cos’(¢Q) HQ’ cos(¢Q), H cos(¢Q) Q’ cos(¢Q) .
D? D2 3A° D 3A D eD D

,2cs¢Q, H , 1 , B
sD D 3A8D ?D? 3AH?

=ZCro

=Z€1ro

(1-Q2)es 0Q), ( HQ* , H Q' 2 )cos(4Q, H , 1 , B
D’ 3A '3A @D D) D 3A8D ¢?D?> 3AH?

— 2
H= Er _-myc — QZ:I—%
myc2 m,c? eD

(1_Q2)COS2(¢Q)+[_(—1)Q2+(—1)_Q 2 feosdQ), €D 1, B

D2 3A 3A D D) D "3AeD &> 3A(=1)
( Q2 cos ((I)Q) __L__ 21005(¢Q) 1 1 B _jero
D> (3A 3A D D) D  3AeD p’
( _q?Jeos (¢Q) __L__ 2 Jeos(6Q) 1 +—1 4+ EDB _ a0
D> |3A 3A D D) D  3AeD ¢p’ 3AeD
DstDGi\/I 1
Ll
2 2 2
(1—Q2 cos (¢Q)+ Q__L_Q_+L cos(¢Q) __ 1 D BV B
D> |3A 3A D eD) D  3AeD ¢’p’ 3AeD
2 2 2
(1—Q2 cos ((1)Q)+ Q 1 . Q 2 COS(¢Q)+ L _ero
D> (3A 3A ¢ &) D Fp’
> . 6A
—1-6A
Q eD

(- 30 B e

eD/)] p2 3A0 ¢D/ 3A &D D 2p’

R ettt S =Zero

(1 1+6A)COS (9Q) ( 16A_1 1. 16A 2)08(¢Q) 1
3A 3A¢D 3A eD eDeD D) D ¢ip’

eD D
( )COS (¢Q) ( 2, 1 \COS(d}Q) L _ero
eD D> eD ¢°p’ SD} D 82D2

=ZCro

(6A)(8LD)M+( 1, 6A eos(9Q), 1

D’ eD azDzj D aD2
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e Eo S A EA

cos2(d)Q) L6A COS(¢Q)
(64) D’ +( SD) D SD

=Z€10

cos(¢Q):_(_1+ggj \/( 1+2§) 4.6A,8LD

D 2.6A
2
64) \/ " 4-1)6A 4 6A )20
1- /(1) +2(-1 + -
COS(¢Q):( 0V 20D 5 ep) ~ep
D 12A
( 6A) \/1 12A (6Aj2_24A
cos(¢9Q) _ eD \eD eD
D 12A
(1_6A)i |_36A | 36A
cos(pQ) \ eD eD  ¢’p’
D 12A
2
(1_6A)i 1-36A , 36A°
cos(pQ) \ eD eD  ¢D
D 12A
|_36A | 36A ~ ||_36A 36A oo A=GM,
aD D eD D’ ¢’
2 2 -11 3]
36A° . 36 (GMOJ 36 [667.10 1,989.10" | _5 < 1o
2.2 2.2 2 e
£’ D'\ & ) (55:442.955.600)°| (5,09792458.10'f

cots)_(755)(

D 12A
(_6A)i [[_36A |_6A, (1 136A) 1_6Ai(1_18A)
COS((I)Q): eD eD __ €D 2eD/__ €D eD
D 12A 12A 12A

6A (1 18A) |_6A 1 18A 12A
C05(¢Q) eD/__ €D eD _eD _ 1
D 12A 12A 12A €D

——COS(d)Q) +L=zero
D eD
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zero<r($pQ)<oo—> M, #zero—>Q= 1—%—>—M+L:zero
eD D eD
2\cos (<I>Q) 1 Q' 2 eos(9Q), 1
( -Q —————+— +—"— =Z€ro
D’ 3A 3A eD €D D ¢D
r=00—>M, =zero—Q=1 Q= f1-6A_ ;- 6[GMo)_ | 6 (Glzero))_,
eD eD 2 eD\ 2
2
(1122 (Q) +( 111 238 1 o
2 3A 3A sD ep) D 2p
( 1Yeos(0Q) 1 _ .o cos(0Q) 1 _ o
¢eD) D 2p> D sD
r=oo—>M0=zero—>Q=1—)W=L=L[l+scos(¢Q)] COS(d)Q) ——=7ero
r=0w gD D
The presence of Q in the formula r=1($Q) ZL, allows it to also describe a spiral.
1+&cos(0Q)
£ GraphFunc Onli | (2] |
R
Vewz T=jpoar =)@+
s | mosner |
| | mp__fo
50 40 40 5 t= |
- Sif:"::ﬂm}fm%
Find Area 0
‘ Tangen‘l

Developed by T.V.
A QT 6 Cacatea 1o stucents 8

§25 Logarithmic Spiral Continuation 11

3A 3A eD gD} D p?

h_12A
Zero<r(¢Q)<oo—>Mo¢zero_)Q:—Zi
/1_7

eD

=Z€ro

(¢Q)[ | 2 Jeos(9Q), 1
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C (1 12A"‘ [ (1-12A (1_12A W
cos@Q) | 1| eD | 1 _1|_ €D |, 2 |cos(®Q) 1
1_6AJ D2 3A| 1—6A | 3A sDL1_6A aDJ D D2
eD L eD eD

=Z€ero

]-ﬁ-@-&ﬂ0052(¢Q)+_L(1—@\ 1 (1_6A)_1( 1_@} 2 (1 6AJ—|COS(¢Q), 1 6A)=Zer0

) eD/)] D2 13Al eD) 3A\ eD) eD\U D/ eD\ eDJl D 2D\ &D

(1 6A_1,12AYc08%(0Q) (1 1 12A 1, 16A_ 1, 112A, 2 2 6AYCOS0Q), 1 1 6A_,..
eD eD/) D2 '\3A 3AeD 3A 3AeD eD eDeD €D e¢DeD) D 2D 2D2eD

(@\Cosz(d)Q) _,_( 1 \COS@)Q)_,_L_L@:zerO
eD) D2 eD) D e?D? &D?eD

_(_1)i \/(_1J2_46A[ 11 6A)
COS(¢Q)= eD eD eD\e2D? £2D?eD
D 76A

eD

1+\/ 1 _24A[ 11 6A)

cos(0Q) _ D" Ve2D? gD \2D? £2D? gD
D 12A
eD

1+\/ 1 _24A 1 ,24A 1 6A

cos(9Q) _eD Ve2D?  ¢D £2D? D e2D2eD
D 12A
eD

141 j_24A  24A 6A
cos(¢Q) _eD €D eD €D €D

D 12A
eD
141 \/1_212A+144A2
cos(dQ)_eD ™ eD eD  &D?
D 12A
eD

2
141 [1-12A
cos(¢Q) _eD - eD (l eD j

D 12A
eD

1i1(1_12A)
cos(9Q) _eD €D eD
D 12A

eD

li(l_IIZAj
COS((I)Q): eD \eD €D eD

D 12A
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1_(1_112A)
COS((I)Q): eD \eD €D €D
D 12A
eD

1_ 1,112

COS((I)Q): eD eD ¢eD €D
D 12A

eD

1 12A

cos(¢Q) _eD eD

D 12A
eD

cos(¢Q) _ 1
D eD

——COS@)Q) +L —zero
D eD

h_12A
zero<r(¢Q)<oo— M, #zero—> Q= eD _, cos(¢Q) +-L=zero

1—6A D eD
eD
1_12A oM
2: eD ~1 6A Zzl_ﬁ A= 0
Q 1_6A eD Q eD c?
eD

eD=a(1—£2)=57.909.227.00000[ - (020563593 |=55.460.469. 56840

_GM, _6,6740831.10-".1,9891.10°°

A =1.477,089.535.42

2 (2,99792458 10 f
1-12A

Q= |—£D-0999.999.920.1 Q=,/1-9220,999.999.920.1
1_6A eD

eD

1,276.789.102.53*

1.296.000,00

$.Q=1.296.000,00= ¢= Q<1 Advance Q>1 Regression

A¢=[é—1]1.296.ooo,oo Ad>zero Advance Ad<zero Regression
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Adp= 1 —11.296.00000=0,103.549.893.544"
1-12A )2
eD
1—6A
L eD
Adp= %—1 1.296.000,00=0,103.549.876.997"

&
L[\ €D

N=100PT _00365:256.363.004
"PM

87,969

=415,210.316.139

> Ap=AGN=0,103.549.893.544 x 415210.316.139=42,994.984.034.7"

> Ap=AGpN=0,103.549.876.997 x 415210.316.139=42,994.977.164.2"

By definition g>zero

zero<r(¢pQ)<owo—M,#zero—>Q= r=0o—>M,=zero—>Q=1

(1) S ORI S (10) I I
D eD cos(pQ) D eD cos0Q)
Se If Q=1

_ 1 P |
[“‘—COS@_MH“COS@J
Energy Newtonian (Ey)

2 2
(l_Qz)cos (2¢Q)+(X_ é )cos]()ch) +Q_2 - _g_yzzem

D D ¢D

=0 - 1 _ 1 _cos(¢Q), 1 _
r=0—>Q=1->w — 8D[1+8cos((1)Q)] 5 +8D Zero

e O o

2
1-Q? ( 1 j x ;2 Q1 X _y=zero
Q ¢D’) eD ¢’D* D’ ¢'D* D Y

1 Q@ x, 2 Q1 x
&D? ¢’D* eD ¢D* D* ¢'D* €D
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eD D eD eD
—1+82+4—2X8D—82D2y=ZCI’0
x=2 y=2Ex [>=:DGM 112 )
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§26 Advancement of the Periélio of Mercury of 42,99 "
Supposing ux=v

u‘;{_v = V;V =u'x'=zero
J&+Vé_2vgx J&+V'_2VV

2 2
C C C C

(2.3) U'x'=

UxX=v Ux'=zero

(1.17) dt'= M_dt,/ VY g1= ,/1——

2
(1.22) dt= dt'\/1+ X gy 1y 2+m:>dt dat' 1+
(e} (e}

2 2
dr=dt,[1- dt=dt [1+
(e} C

c c
1% ' v
VE—— V=
v Ve
ez Ve
dt>dt' v<v' vdt =v'dt'
- — — - —
(1.33) V= = - =V=—r——
1 L) 1 ]
\/1+V2+2VL§X \/1+V2+2V20 1+
c c c c c
(1.34) V'= — = — V=
v® 2vux ve 2vv v
\/1+2— 2 \/1"'2_2 \/ )
c c c c c
i —p=— ¥
V" v’
1+72 1_ 5
c c
Forfo—p F=—rf=—F [t =[r{=x

dr=drr+rdr=-dr dr'=—drr—rdr=—dr

rdr=drrt+rrdr=dr rdr'=—drrr—rrdr=—dr

- ~ R 2 2
godf _def)_drp, dé; 2 (@) +(fd—¢j
dt dt dt dt

_dP_dlrs)_ {dp ] 2 v (gf{rd_ﬂz

at' at at'
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~_dv _ d’r dZ(rr) d’r (d¢ aR dr d¢ d ¢
a= 2 2 + 2 ¢
dt dt? dt dt dt dt dt dt

- dv d r_d (—rr) ~ | »dr d¢ ¢
a= 2 2 2 2 2 ¢
dt' dt' dt' dt' dt‘ dt'dt' dt'

F=—iV
147
2
c
z_dv_d|_ —v' |_dt d( —v' L vid| -9
dt dt V'2 dt dt' V'2 dt’ V'2
\/1 5 L\/l+ 5 1+
c c c
~_dv _ ve -1 v av -, d v
a=—=,1-— 2 1+— ’—v’ : 1+—
dt c (l+vj c” dt dt c
) B
[ 12.-1
é:d_ﬁ': l_V_j —12 1+V_'22dv'__,'l(1+v_122j2 2 2 2Z'dv'j
dt c (l+x/'j c” at' 2 c c” dt
2 )b
2 2 12 npa | | R |
39V _ l_V_2 -1 1+V—2dv— 1 dv v2
12 v 2 v
dt c (1+v2j c” dt \/1+V'2 dt'c
c c
2 12 2 ] 2 2 v 2
dt c (1+v2) \/1+V'2 & dr c \/1+Vv2 dt'c
— 2
-_dv _ \% -1 v dv' _,dv'v
a=— 1——2—§ (1+—2) : :
dt c 2\, c”)dt dt
v
(1+czj
ma= moé — m, av — — I, Ir(l_i_ jdv |dV' V2'
\/1 v’ \/ v” dt ( ,2J2L dt' dt'c
2 T2 1+%
C C c2
ma _ m_ dv
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e —m, (1+V_'2jdv ,dVV
pll efJde - dte
(l+c2j
- .  ma m  dv = —-m
F=ma=—F—2—=—-20 =F'= ) 3{(14_
C'2 CZ 1+?

B =[Far=[F (-d2’)=| ;—ff(— dr')

Ek:IF.dfzjf'.(—df'):I\/%zsz -[—" [[ '2]dt.

1-
2

21.52

dv'  _,dv'v
jdt' v } 21.53
21.54
VZ‘; VJ I—kr( dr') 21.55

A e v} Xt

. dt dt' dt' r’
2 g
c
E,= dvv= T 3 (1+—jdvv VdV'VV J‘ k
2\2 c
1-= (1+Vj
c c
myvdv m, ( v*
Ek_J- = QL l+? dv'v'—v'dv' '[—dr
2

B, J-mvdv J- myv'dv'

7| 1+
\/1—" A
C’2 1+?

myvdv _ mv'dv' ——kdr

myvdv mvdv
g = [ = [ jk aE, =2 - 2156
v 2 _v 22 r’
\/1 ) 1+—' \/1 > (140
c o2 C o2
=-mcC 1{l—— T c’ ——+constante 21.57
2 -mc®  k
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¢ r vo r
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c
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Er= —moCZ _ﬁz_mocz‘FmO £ Eg = £_—moc2
! 0
l+% T r 1+£Q2f
c c
-1 - ER —+ k2 1
v mc® mcr
o
E k GMm GM
H= R2 A= == o2o_ -
mc mc® mct  C
1 1 1 1Y
' r 2\ r
1+7 7 )2
¢ %)
D= d'=—r i —(drf+rd—¢¢;) =2 (e j)=r2 98
dat  dt dt' dt'
D'=Fxi'=—Fx——L ==rfx 1 2|_(drf+r—¢¢):| 1 r2d¢(fx¢3):r2 dg
1-v v\t v dt at
C2 C2 C2
[RIkel 1209
dt’ ot
1
dE, mvdv _ mv'dv' —é{dr_ K ogp

dt' V'2§ dt' r de r
c
Fre— ;—%f
S T

o _ mo _ dzr d¢ dr d¢ ¢ k;
o 2 2{ Lft'z (dt'”( [ dt'dt' dt.zj(é} =

F'VA _mo 3(2dr d¢ ¢2¢ Cero
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2
—L—(d—¢) =X p 21.68
dt' r

__pdw d’r _ —I¥ d’w d’¢ _ 21” dw
= S=—— =t 21.69
d¢ dt” r® d¢ dt” r’ dg
}_—GMO
2
r
%) —GM,
2
_L'ZJZ—GMO
2 2
r r
j% 21.70
Ll
;J:Gléo 21.71
L
§25 Logarithmic Spiral continued
GM
112 21.71
r L
_—GM,
L?
E
--B H=—k A=SM B=
m,C c
= |+B=zero
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[H3+3H Alizpa LA’ lj[d W 1]+B Ze10

r r’ |\ d¢* r
H 430’ AL 3HA° LA’ L=p’ 1307AL 3HA® L+ A” L 2zero
r r r r r r
( +3AH21) d Wy 1 +B=zero
d¢? r
3 2 d’w
(H +3AH"w ——tw +B=zero
do
3d’w 3 2d’w 2.2
H d—2+H w+3AH d_2W+3AH w- +B=zero
_ 2 —_0?
w=L="1[1+ecos(4Q)] dw _~Qsen(¢Q) dw_ Q" cos(¢Q) 21.38
r €D do D do D

The first hypothesis to obtain a particular solution of the differential equation is to assume the infinite radius
r=o0 , thus obtaining:

w= » :loo =$[1 +ecos(9Q)]=zero=ecos(pQ)=—1 ?;d)vzv - _Qz Cgs(d)Q) - _Q28:SS(¢Q) Z%

2 2
H3—‘31¢‘§ +H3w+3AH2‘3iTV2VW+3AH2w2 +B=zero

d*w Q2

E _—m, c2
W=zero E == H=—R
d¢® eD my,c?  m,c>

a 1)( j+( 1 (zer0)+ 3A(~ 1)( j(zer0)+3A( 1 (zero)’ + B=zero

2
—(Q—j +B=zero SDQ +eDB=zero
eD eD
~Q’+1=zero Q’=1

This result shows that in infinity the influence of the central mass is zero M =zero .
The second hypothesis to obtain another particular solution of the differential equation is obtained by
observing that the angle ((I)Q) of the equation £cos(¢Q)=—1 indicates the direction of the infinite radius

r=o0 where the influence of the central mass is zero M =zero and Q2:1 therefore the direction of the

center of mass is given by the angle (¢Q+7t) that replaced in the equation acos(d)Q):—l results in the

new equation £cos(¢pQ+m)=—1 that indicates direction opposite the direction of the infinite radius which is
the direction of the center of mass.

gcos(pQ+m)=-1 cos(¢Q+m)=—cos(¢Q) g[~cos(¢Q)]=-1 ecos(¢pQ)=1
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wz%=$[l + scoS(¢Q)]=$(l + l)zé d'w = @ coséQ) = —stcos(d)Q) = _QZ

d¢’ D eD eD
2 —_0O? — 2
W:L _\2’:& H= Er _~MeC =1
eD d¢~ €D my,c2  m,c?

2 2
H3—‘(11¢‘;’ +H3w+3AH“(‘1TV2VW+3AH2w2+B=zero

(- 1)( j+( 1)( )+3A( 1)( D2j(ai)j+3A(—l)2(éjz+B=zero
I ERRC CARER I

2
Q_2 3AQ 2 +3A 4 +B Z€ero
eD €D eDeD D’

Q2 6AQ’, 12A

+B=zero
eD gD ¢D° 82D

eDQ”_2¢D 8D6AQ +8DI2A DB zero -DR=EPGM, _eDGM,

=1
eD €D D’ D’ L eDGM

Q2_2_6AQ 12A
eD D

140 4 1=7ero

2
Qz—l—ﬂ+12—A=zero

eD eD
5 1-12A
Q’ _6AQ" _,_12A Q*=—¢D
eD eD 1—6A
eD

Applying the results of the second hypothesis in the differential equation:

2 2
H3—‘(11¢‘;’ +H3w+3AH2‘;T‘;’W+3AH2w2+B=Zer0

[1+gc05(¢Q)] d_W:_(QLn((I)(Q) dZW:_Q2 COS((I)Q)

welo b
r eD dé D d¢y? D

H3{_Q2 C](;S(¢Q):|+H38%[1+SCOS(¢Q)]+3AH {QLS((I)Q)} D[1+gc()s((l)Q)]

+3AH? %[lJrscos((I)Q)]}z +B=zero
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332€08(0Q) 113 1 143 1 2 ~Q%cos($Q)
-HQ D —r=<J+H +H Dscos(¢Q)+3AH{ O }

L +3AH2{ Q COS(¢Q):| SCOS(¢Q)+

eD D

+ 3AH2{ 2;)2 [1 +2¢ecos(¢pQ)+€2 cos? (¢Q)]} +B=zero
€

32 eosleQ) cos(¢Q) , H’  fy30s(¢Q) 3AH’Q’ COS(¢Q) _3AH2Q? S0 10Q) COSZ(¢Q)
D &D D ) D’

3AH [1+28C05(¢Q)+8 cosZ(¢Q)]+B zZ€ero
g’

_Qreos0Q) Y 3 cos(6Q) _3AHQ? COS(¢Q) Qe (9Q),
D aD D eD D?

3AH2 3AH 28005(¢Q)+3AH g cosz(¢Q)+B zero
e’D e’D?

_H3Q? cos(¢Q) LB +H3C05(¢Q) 3AH’Q? cos(¢Q) 4 AH2Q? cos” (9Q) N
D eD D eD D D?

L 3AH? | 6AH? c08(9Q) , 5, 112€05°(¢Q) Cosz(tbQ)
g D2 eD D
~HQ’cos(¢Q), H? . H’ cos(¢Q) 3AH’Q’cos(¢Q) 3AH’Q’ cos’(¢Q)
3AH> D 3AH28D 3AH> D 3AH’¢D D 3AH? D’

L 3AH® ., 6AH? cos(¢Q), 3AH?cos’(9Q), B
3AH?¢’D? 3AH?’:D D 3AH2 D? 3AH?

+B=zero

=Z€1o0

-HQ’ COS(¢Q) L H cos(¢Q) Q7 cos(¢Q) _Q2eos (¢Q)
3A D 3A8D 3A° D eD D D?
1,2 COS(ch) cosz(ch) B _ o

82D2 eD D D? 3AH2

cos’(¢Q) chos2(¢Q) HQ’ cos(¢Q) , H cos(9Q) Q* cos(¢Q)
D? D2 3A° D 3A D eD D

L2c8¢9Q H . 1 . B
SD D 3A8D ¢’D? 3AH?

=Z€1ro

=Z€10

(1-Q?)es Q) ( HQ* , H Q' 2)eos4Q, H , 1 , B
D’ 3A '3A @D D) D 3A8D ¢’D?> 3AH’

Ex _—m, c2

H= =—1

ch m,c?

1) 0@, [ CDQ” D Q% 5 Jeos#Q), D, 1 , B
' p? 3A°  3A €D SDJ D 3A8D e’D’ 3A(-1)°

(I_Qz)cos2((|)Q) Q 1 Q. 2 Jeos(¢Q) 1 L1 +3£A=Zem

D> 3A 3A €D SDJ D 3AeD ¢ p?

=ZCro
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2 2 2
Q2 )ees 0, [Q° 1 Q" 2 JeosldQ) 1, 1 DB .,
D 3A 3A ¢D eD] D  3AeD ¢’p’ 3AeD
eDB= SDG?/IO _eDGM, =1
L?  &DGM,
Neos’(9Q) (Q° 1 Q' 2 leos(9Q) 1 . | I
(1_Q S| S - +— =Z€ero
D 3A° 3A eD €D D 3AeD ¢"D° 3AeD
2 cos2(¢Q) Q2 1 Q2 2 |cos(9Q) . |
(1_Q =2 = 4 £ + =Zero
D2 3A 3A €D €D D 82D2

h_12A
Zer0<r(¢Q)<OO—)MO¢zero—)Q:—8D

[1—6A
eD

1 6A_ 1 1 12A 2

1-12A —| [ (1-12A (1_@ —|

1—|__eD ||cos®dQ) | 1| D | 1 1| D [, 2 |cos@Q) 1 _ .
1_6A D2 3A| 1-6A | 3A 8DL1—6A SDJ D  &£D?

L eD L eD eD

[1_6A (4 12A)—|COSZ(¢Q)+_L(I 12A) (4 6A) 1 (4 12A), 2 (4 6A)1¢05(¢Q),

. eD U eD/JI D2 [3A0 eD/ 3a0 eD/) DU eD/ DU D/ D 2D2U &D

2 6A)cos(¢Q)

(1 6A 1+12A\0082(¢Q)+(1 1L 12A_ 1,
eD  ¢D/) D2

(@\COSZ@Q) +( 1 Yeos0Q), 1 _ 1 6A_ 00
eD) D2 ¢eD) D e2D? £D?eD
_(_1)+ \/(_1J2_46A[ 11 6A)
cos(¢Q) _ eD/) V\ eD eD\e2D? g2D?¢D
D 20A
eD
141 _24A[ 11 6A)
cos(0Q) _ D" Ve2D? gD \2D? £2D? gD
D 12A
eD
liJ 1 _24A 1 [24A 1 6A
COS(¢Q): eD VeZD? eD &2D?  eD £2D?eD
D 12A
eD
1 4 1 [j_24A , 24A 6A
COS(¢Q):8D eD eD €D €D
D 12A
eD
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cos(¢Q) _ D™ eD eD  gD?
D 12A

eD

1 4 1 [j_pl2A  144A2

1.1 12A4Y
cos$Q)_eD " D 1-12)

D 12A
eD
lil(l_IZA)
COS(¢Q)= eD €eD eD
D 12A
eD
1i(1_ 1 12Aj
COS(¢Q)= eD \eD €D ¢D
D 12A
eD

1_[1_112A)
COS(¢Q)= eD \eD €D eD

D 12A
eD
11, 112A
COS(¢Q)=8D eD €D eD
D 12A
eD
1 12A
COS;((I)Q): eD eD
D 12A
eD
cos(¢Q) _ 1
D eD

Where applying the result of the second hypothesis 8C05((|)Q)=1:>COS(¢Q):l:
£

11_1
eD €D

That it is an identity demonstrating that the result of the second hypothesis is correct.

|_12A o

2__ €D _6A 2_1_6A A=

Q 1—6A gD Q eD ¢’
eD

eD=a(l-£2)=57.909.227.00000]l - (020563593 |=55.460.469.568.40

_GM, _6,6740831.10-'".1,9891.10%

Aa (2.99792458.10%f

=1.477,089.535.42
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_12A

Q= |—=£D -0.999.999.920.1 Q= /1-A -0,999.999.920.1
1_6A eD
eD

1,276.789.102.53™

$.Q=1.296.000,00=>¢—1:226-000.00 Q<1 Advance Q>1 Retrocess
Adp= é—l}l.296.000,00 Ad>zero Advance Ad<zero Retrocess
Adp= %—1 1.296.000,00=0,103.549.893.544"
1_12A )2
eD
1—6A
L eD
Ap= %—1 1.296.00000=0,103.549.876.997"
-]
|\ €D

365,256.363.004
87,969

N=100.L2T —100 =415210.316.139
PM

> Ap=AGN=0,103.549.893.544 x 415210.316.139=42,994.984.034.7"

> Ad=AGN=0,103.549.876.997 x 415210.316.139=42,994.977.164.2"

Newtonian Energy Ey
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d¢ L dr__.dw d’r _ —I7 d*w d°¢ _ 217 dw

“Y_ 4 ar __pdw af o dw

dt r? dt  dg dt? 2 dg? dt?2 3 dg

=5 > =Z€ero
d¢) r° mIL°'r mL
’ E
dw TP 2k N2 —zero
d¢ m,L m L
2F
X= 2k2 y= N2
m,L m,L
2
dw +w’ —xw—y=zero
dg
WZLZL[1+gcos(¢Q)] @:JJ_QSG (4 dZW:_QZCOS@Q)
r &b d¢ D d¢’ D

[—Qse ¢Q} { [1+gcos(¢Q)]} X—[1+SCOS(¢Q)] y=zero

D

2 -costhols L +2scosho)s #ostyol-x L —x L scodgo)-y-sero
£2D gD gD

2 Lo e

D
Q_2_chosz(¢Q)+ 1 .2 COS(¢Q)+COSZ(¢Q)_i_XCOS!¢Q!_y:ZerO
D? D? gD €D D D? &b D
cos (¢Q) chos2(¢Q) 2 cos(¢Q)_Xcos(¢Q)+Q_2+ 1 —i—y:zero
D? D? edD D D D*> &D% &D
)cos (¢Q) cos(@Q) Q2 1 X _
(1 Q? o (8D j D2 JoRe —g—D—y—zero
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Newtonian Energy Ey

5 2
(l—Q2 )cos (Z(I)Q)+(X_8LD)COS]()(IDQ)_,_Q_Z_,_L_SLD—y:zerO

D D’ ¢'D°

—0—>Q= -1 _ 1 _cos(¢Q), 1 _
r=0—>Q=l->w 8D[1+8cos((1)Q)] D +8D zero

2
R ) kb e
( Q eD eD eD eD/) D? &D? €D Y

2
1- 2( 1 j X 2 +Q p—1 X _y=zero
( Q D) €D D’ D y

2

&’D? €D

1 Q@ x. 2 Q@ 1 x

=Z€ro

- T T y=Z€I‘O
gD’ ¢’D* D ¢’D* D* &¢D’ D
Q. Q. 4 2 2
+=+ =zero =1
g£D? D? ¢D? €D Y Q
1 1 4 2x
| | =7€er0
D’ D’ &D? €D y
22 212 22 22
82D2+SI§ +482D2 2xe D”_2p2yzero
gD D gD eD
—1+82+4—2st—82D2y:zer0
x=-2 y=—2Ex I’=¢DGM
eD m,L
—1+82+4—2L8D—82D2y226r0 —l+a2—82D2y:zero
€
—1+82—82D2£N2=ZCI‘0 —1+82—82D2A
m,L m,eDGM,
e —eD—2EN _sero L(('»:Z—I)ZZEN
M,m, eD k
E.-—k
N 2a

144/172



§27 Advancement of Perihelion of Mercury of 42.99” "contour Conditions"

Let us start from the equation expressing the equilibrium of forces:

f'=— 0% _£2 21.65

On the right side we have the gravitational force %f defined by Newton, on the left side we have the
physical description of Force ' = —™2%_ of the Undulating Relativity.

1;/2 E
(1+C_2>

The physical properties of equation 21.65 require its validity when its radius varies from a radius greater than
zero to an infinite radius, so the radius varies from zero < r < o, and so we have two distinct boundary
conditions. The first boundary condition is when the radius is infinite r = co and the gravitational force is zero,
which means that the particle is at rest with v’ = zero and a’ = zero and the second boundary condition is
when the radius is greater which is zero and smaller than infinity zero < r < oo which means that the particle
is in motion due to the influence of a gravitational force 21.65 with v’ # zero and a’ # zero.

In §26 following the calculations is substituted in 21.65, the equality, 21.62, 21.69 and

Er_ A:—Gl\f" B=GM° ,morew=%.

H=
2
m,c c L"?

After these substitutions we obtain the differential equation:
3d*w 3 2 d’w 2.2
H W+H w+3AH —2W+3AH w”+B=zero 27 1

This equation has to be valid for the same boundary conditions as equation 21.65, that is, it has to be valid
from a radius r greater than zero (r > zero) to an infinite radius (zero < r < ). Your solution is given by:

w=l=L[l+acos(¢Q)] 27.2
r €D
Which should cover the two contour conditions already described.

Applying solution 27.2 in differential equation 27.1 we have:

2 2
H3—‘(11 w +H3w+3AH2‘31—‘;"w+3AH2w2 +B=zero

w=l__1 [1+&cos(¢Q)] d_W:—Qsen((I)Q) d2W:—chos((I)Q) 2138
r

&D do D do? D

H3{%}+HS$[l+acos(¢Q)]+3AH2{%} 1 [1+ecos($Q) ]+

£D

+3AH? %[I-FSCOS(d)Q)]} +B=zero

1302C0s0Q) , 13 1 3 1 2| ~Q%cos(dQ) | 1, 3, p2| ~QPcos(¢Q) | 1
H°Q D +H 8D+H 8Dz—:cos((l)Q)+3AH { 5 LD+3AH { 5 LDscos(d)QH

+ 3AH2{ 2;)2 [1 +2¢ecos(¢pQ)+ €2 cos? (¢Q)]} +B=zero
€
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_Qreos0Q) Y 3 cos(6Q) _3AHQ? COS(¢Q) Qe (9Q),
D aD D eD D?

+ ?‘?gz [1+28005(¢Q)+ &’ cos’ (¢Q)]+ B=zero

132 eos8Q) , 1 y3cos(9Q) 3AHQ” cos(9Q) 3, pyaiy2c0s”(9Q)
D eD D eD D D?

L3AH’  3AH’ 3AH? 2. 2
=222-"2¢cos(PQ)+=—-¢€"cos” (¢Q)+B=zero
e’D? 82D2 4Q) e’D? (4Q)

_HQ? COS]()(I)Q) JrH_3+H3 cos(¢Q) 3AH’Q’ COS]()d)Q)_?,AHzQz COS;(j)Q)JF

eD D eD
2 2
|31;«H2 6AH? c0S(0Q) _ 5, 112 €05 (¢Q) (<I>Q) B—zero
D eD D
~H'Q’cos(9Q), H’ . H’ cos(¢Q) 3AH’Q’cos(¢Q) 3AH’Q’ cos’(¢Q)
3AH> D 3AH28D 3AH> D 3AH?:D D 3AH? D?

L 3AH® , 6AH’ cos(¢Q),3AH2cos’(9Q), B
3AH%¢’D? 3AH?¢D D 3AH2 D? 3AH2

=Z€1ro

-HQ? COS(d)Q)  H cos(¢Q) Q7 cos(¢Q) chosz(d)Q)
3A D 3A8D 3A° D eD D D?

1, 2cos(¢Q) cos’(4Q), B _

82D2 eD D D? 3AH2

cos’(¢Q) _Q? cos’(¢Q) HQ’ cos(¢Q) . H cos(¢Q) Q’ cos(¢Q)
D? D2 3A° D 3A D eD D

L2c¢Q . H . 1 . B
sD D 3A8D e?D? 3AH?

=Z€ro

=ZCro

(1-Q2)s 0Q), ( HQ* , H Q 2 )cos(4Q, H , 1 , B
D’ 3A 3A &D &D) D 3A8D ¢’D?> 3AH>

Er _—m,c?

H= =-1

mc2 m,c?

=Z€ro

i) 6Q),(_(DQ% €D Q% 5 JeosdQ), D, 1, B
7 p? 3A° 3A €D SDJ D 3AeD D’ 3A(-1)°

e R - + +—=-=zero

(-o° cos’(9Q) (Q°_ 1 Q" 2 Jeos9Q) 1 . 1 . B
3A 3A eD ¢D) D  3AeD ¢’p?

=== - + + =Z€ero
3A 3A eD €D D 3AeD ¢*p? 3AeD

(¢’ cos” (9Q) +{Q2 1 Q2 Jeos(¢Q) 1 1 . eDB

_eDGM, eDGM,

¢DB = =
L eDGM
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2 2 2
(1_Q2 cos (2(1)Q)+ Q__L_Q__FL COS(d)Q)— 1 + 21 2+ 1 =ZzCro
D 3A° 3A eD €D D 3AeD ¢"D° 3AeD
2 c0s2(¢Q) Q2 1 Q2 2 |cos(dQ) 1
(1_Q ey . +—5 5 =Zero 27.3
D 3A° 3A eD €D D €D

This equation must have solution for the same two contour conditions of 21.65.

Solution of 27.3 for the first boundary condition which is when the radius is infinite r = o, and the
gravitational force is zero which means that the particle is at rest and we have

v' = zero and a’ = zero.

Applying Q2:1 in 27.3 we get:

12y Cos2(01) (ﬁ_i_i i) cos(91) 1
1-19 D2 34 34 D + €D D s2pz  Z€ro
cos@ L L _ zero g=—1 27.4
D &D cos(®)

Equation 27.4 is exactly equal to the result of equation 27.2 when the radius is infinite r = co, w = zero and Q
=1, as shown in 27.5:

-1 -1 _cos(@ 1 _
=3 [1+ ecos(BQ)] = > [1+ ecos(B1)] = ——+— = zero 27.5

w =

Therefore in 27.4 we have an exact result that describes how in infinity the eccentricity € is related to the
angle @ of the infinite radius of the particle, being € = 1 which means that the motion from infinity will be or
parabolic with e = 1 or hyperbolic with € > 1. Note that by definition € > zero.

Solution of 27.3 for the second boundary condition which is when the radius is greater than zero and less
than infinity zero < r < o which means that the particle is in motion due to the influence of a gravitational

force with v’ # zero and @’ # zero.

12A

eD

Applying Q = — in 27.3 we have:
“eD
( _Q2 oS (2¢Q) Q 1 Q. 2 WCOS(d)Q) 1 ——zero 073
D 3A 3A &D eD D) D D

- 12A"| [ (1_12A (1_@ W
- cos’(@Q) | 1|_ eD |_ 1 _1|_ gD |, 2 [cos0Q) 1 _ ..

1-6A D2 3A| 1-6A | 3A 8DL1_6A SDJ D &D?
L eD L eD eD

6A (1 12A)]|00s*(9Q) [ 1 (| 12A__1 (] 6A)__1 (] 12A), 2 (1_6A\|cos4Q), 1 (1 6A)_,ero
o U sDjJ D2 _SA(I sD) Al jsDkl sD)'sDkl SD)J b o\ sDj_

(1 6A _1,12A)c0s*(4Q) ( 112A_ 1, 16A_ 1, 112A, 2 26ACOS0Q, 1 _ 1 6A_,.
eD  eD/) D2 \3A 3AeD 3A 3AeD ¢D eDeD €D gDeD) D €2D? ¢2D?¢D

=Z€10

(@\cosz(d)Q) +( 1 \eos@Q), 1 1 6A
eD) D2 eD) D &£D? gD?eD
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N T

D 7 6A
eD

1+\/ 1 _24A( 11 6A)

cos(¢Q) _eD Ve2D?2 gD \g2D? g2D?eD
D 12A
eD

lw 1 _24A 1 ,24A 1 6A

cos(®Q) _eD Ve2D?  eD £2D?  eD £2D?¢D
D 12A
eD

1 4 1 [|_24A_24A6A

cos(¢Q) _ gD eD eD €D ¢D
D 12A

eD

141 [j_o12A [ 144A%

COS(¢Q)= eD eD eD  gD?
D 2A
eD

141 (1_12Aj2

cos(dQ)_eD” eD gD
D 12A
eD
lil(l— IZA)
cos(¢Q) —eD €D eD
D 12A
eD
li(l_ B 12Aj
cos(¢6Q) —eD \eD €D €D
D 12A
eD

1_[1_112A)
COS(¢Q)= eD \eD €D eD

D 12A
eD
11, 112A
COS(¢Q)=8D eD €D eD
D 12A
eD
1 12A
COS;((I)Q): eD eD
D 12A
eD
cosl0Q)_ 1

D eD
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500 L L sero £=— 27.6
D eD cos(8Q)
In the theory of conic for hyperbole we have ¢ = 2 equating to 27.6 we have ¢ = C; = COSEQQ) This results

a = c.cos(@Q)) which is the correct formula, of the greater half axis of hyperbola.
Therefore in 27.6 we have an exact result that describes how in the course of zero < r < o the eccentricity €
is related to the angle @ of the particle, being € = 1 which means that the motion will be or parabolic with
& =1 or hyperbolic with € > 1. Note that by definition £ > zero
§28 Simplified Periellium Advance

Perihelion Retrogression Q>1
Imagine that the sun and Mercury are two particles, with the Sun being at the origin of a coordinate system
and Mercury lying at a point A on the xy plane. The vector radius ¥ = rf connecting the origin to point A will
describe Mercury's motion in the xy plane.
In the description of the movement of the planet Mercury to the observer O' corresponds to the variables with
line for the observer O as without line being used a single radius ¢ = rf and a single coordinate system for
both observers.

Time t' is a function of time t that is t' = t'(t) and time t is a function of time t' thatist=1t(t").

dt=dt |1+ dt = dt 1% 21.02
C C

-5 1+%=1 21.03

v

v = V= 21.04
dt > dt’ vV >v vdt = v'dt’ 21.05
r=rf dt = drf + rdf #.dr = drf® + 1. df = dr 28.01

The radius can be considered a function of time t' = t'(t) ie ¢ = #(t") = 7[t'(t)] or it can be considered a
function of time t = t(t') ie I = 7(t) = 7[t(t)].

F=7r{) =7t 1] F =71 = f[tt)] 28.02
- dr dr . do = - df dr, do =
= —=—T r— V=—=—T1 r—
dtr dts + dts Q) dt dt + dt Q)
o, _df _dfdt _dfF 1 _ ¥ v_d?_d?dtl_d?l_ v
T dt T dtdv | dt d¥ T v2 T dt dtrdt dev 9t T viZ
dt 1-=Z datr 1+
C C
v vr
vV = > V= 28.03
v vr2
1—C—2 1+C—2
L, dv _ d?F  d2(r®) _ [d?r (d@)z o ( drdg | _d%¢\ =
a=—=—= =|—=—-r{(—) |T 2—— r—) 28.04
dt dt? dt? dt2 dt + dt dt + dt? 0 8.0
L, dvr 4%t d2@f)  [d?r (d@)z - ( dr do dZ(D) =
a=—=—= =|——-rl—) [T 2——+r 28.
dts dtr2 dtr2 dtr2 dts + dts dts + dtr2 0 8.05

Both speeds and accelerations are positive.

L, _dv_dtd| ¥

“w T wa| T2
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Frepe=Fe (j;;);[( ~E) Ve

Ex = [F.df = [F.dff = [ - %.dF

b= [ [ (- 2) i -
N

By = [P = [V L ar  dE, = F.dif = T

In this first variant relativistic kinetic energy is greater than inertial energy

Mercury's perihelion to recede. The planet seems heavier due to the movement.

7 m V’dV m, Vﬂ 7
dEy _ p ar _ oVarr . Mo¥ar _ _k g Kk, ar
de | at vI2 v12 3T g2 r= r2 r dt
71+ =z ( VZ)Z
1-=
C
dE movrdY moV: k
= 0 0 A
Zk_Fv= ! — dt = — —dr = — =7V
dt v/ 3 2 r2
1+—- (1 V2>2
Z
dE = myvr.ar mev.d k L =3 med
k= F V== = SR F=-—"°

> dr do d2g\ = dL
Fz = (2—— —) = zero
0 dt dt dt? 0 dt
> m d?r as\?] . k .
Fp=—"5|— (—) F=—=7
oo ldt? dt r?
vé\2
(1-%)
m, [d%r (d@)z] ok
3|42 dr - T2
(1 VZ)E dat dat r
CZ
dp L dr _ dw
dt ~ r2 dc dg
1 [—LZ dzw (L)Z] ko1
3|2 2 2 -T2
(1 v2>7 r? do r Mmer
c2
1 [L2a?w r(L>2 k1
v2 % r2 dp? r2 mo T
(&)
1 d’w | 1 k k
(- i
5 \do r moL mec
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d da drd d?
—:—(r2—®)=2 r(2)+2 v
dt dt

dt dt

d?r _
dt?

myL?

28.06

28.07

28.08

28.09

28.10

2
> m,c2.This causes

-z

28.11

= zZero

-L2 d?w

r2 dp?



3
=(1+43) =13 +34>+342 S+ A3 S = 1434 3422 4+ A3 L = zero
r r T T r r r

VZ)E

(
EEPICIOR
(

d“w

1+3A—)d®2 (1+342)2-B = zero
d?w d?w 1
W+3A__+ +3A——B—Zero
Ly 345 4wt 34
T W W w? = zero
da?w daw 2
—+w+ 34— w+ 3Aw* — B = zero
ap? dp?

_1_1 dw _ —Qsen(9Q) a*w _ —Q%cos(9Q)

W=l [1 + ecos(2Q)] o D ag? D

_QZCZS(QQ) [1 + SCOS(@Q)] +34 Q COS(@Q) 1 [1 + gcos((Z)Q)] +34 {_ [1 n ECOS(QQ)]} — B = zero

N2 cos(0Q) 1 cos(0Q) _ 2 icos((Z)Q) 2 €OS 2(pQ) 3A %cos(Q)Q) cos?(9Q) _ _
Q — +SD+—D 3AQ > b 3AQ —+82D2 > D + 34 oz B = zero
_ cos (Q)Q) ( N2 _ 2 1 ﬁ) cos(9Q) 1 34
(34 3AQ )— 1-0 340 s + > + s + —2p2 B = zero
(ﬁ_ 3AQZ) cos?(0Q) (i _ Q_2 _ 3AQ2i 6A )cos((DQ) I 1 34 DB _ Zero
34 34 D2 34 34 3A &D  3AeD D 34eD = 3A 2D2  eD3A
_ & _ eDGMomgy _
€DB = mol2  moGMgeD
2 22 1 1
( ) cos (Q)Q) (_ et et + _) cos(0Q) + + 1 — zero
34 34 &b &b D 3AeD g<D eD3A
A-Q)—3— = (Q)Q) (— 2.2 + i) cos(@Q) +—— = zero Q* = 1+%
34 3A &D &b D £2p2 T 1484

1+12A Z(QQ) 1 1 1+12A 1 1+12A 2 (@Q) 1

cos cos
1— eD + _ eD = & |4 = + = zero
[ 1+% D2 34 34 1+% T ep\ 1462 &D D £2p2

&eD

oS0 SO L )LL) T SO0

eD eD D? D 34 eD eD eD eD D

1 6A
+ ip? (1 + 5) = zero

6A cos2(pQ) 1 2 1 4 1 12A 2 12A cos(0Q) 1 1 6A
o b2 (—+ ———————— 22 T o ﬁ)— 2oz T @pzep = Z€70
&b D 34 &D 34 &b &D gD &D gD D gD g“D“ gD
6A cos2(pQ) 1 cos(®Q) 1 1
- ¢ +(——) ¢ + ——— = Zero
eD D2 eD D £2D%2  £2D2¢D
2
cos“(0Q) . cos(®Q) 1 6A
6AEOD | os00) L 6
D D &D &“D
6A
cos(8Q) _1+\1 46A( €D EZDZ)
D 2.6A
24A  144A2
cos(pQ) _ ~1E |1t ptan?
D 2.6A

cos(pQ) _ ~1% (1+ﬁ)

D 124
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24
cos(@Q) _ —1x(1+ )
D 124
cos(9Q) _ —1+1+% _ i
D 12 )
1
cos®@Q) _ 1 £ — = zero 28.15
D eD cos(0Q)

1

For hyperbole eccentricity (¢) is defined as € = where (@) is the angle of the asymptote.

cos(9Q)
Advance of the Periellium Q<1
— ! vr2 I v2 ’
dt =dt 1+c_2 dt' = dt 1_c_2 dt > dt
% vi2
1 - 1 C_Z = 1
v = wz = VZ v >v
1+ 1-2
2 2
r=rf dr = drf + rdf #.dt = drfT + rf. df = dr
g4t _dry dog gr_dr _dr,  ddg
V_dt_dtr+rdt® V_dt_dtr+rdt1¢
¥ = v v = v
- 2 2
1+ 1-%

-

av _ d?t _ d?(r?) _ [a?r (d_@)z]

dr do d2o\ =~
it Fad ) I LR R S I

dt dt dt?

dvr  d?f  d?(rd) d?r da9\2] . dr do d2e\ =
a="S=2c= = ——r(—) r+(2——+r—)(2)
dtr dtr? dtr? dtr2 dtr dt dtr2

- dv dtr d \Z
a=—=——
dt dt dtr vr2
1+
C
- 2 — -
=1 mea =1 m, vr<\ dvr davr vr
F = 0 = F' = &l 3[(1+—2>——V1——2 28.16
v2 Ny c dats dt c
1—— vI4\2
C

Ec = [F.di = [F.di = [ - %7.dF

- 2 — -
Ee =15 ar = [T [(1+ %) S - v ] aF = [ - S 7.dF

E dt dtr c2]” rz
—_ 2\2
1 c2 (1+%)
mevdv mevrdvs k = movdv mevrdvs k
B = [Tl = [V [ Ly dE, = Fdf =T = Mot K gy 28.17
v 12\2 v 2\2
1 c2 (1+v—2) 1 c2 (1+%)
C C
2 2 2
——m.c? 1Yo e _ K - _ 2/ Yk c?
Ey = —m,c” |1 z= — = _+ constante Ep = —m,c* |1 Z ;= TMeC 28.18
2
3 3
mgoC 1 k 1 1
Ep = 0 == -—m,c? =(1 =) =(1-A4= 28.19
B o 3 mec2r
v (1+ﬂ>2 °
1+ c2

mgc?

In this second variant relativistic kinetic energy is smaller than inertial energy < m,c2.This causes the

vr2

2
advance of Mercury's perihelion. The planet really is lighter due to movement.
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[1 + ecos(9Q)] — 34—

D eD

D — [1 + gcos(0Q)] — 34
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dv dav/
By _ o 4F _ _ MoVgy _ MoVigy _ _kar _ _ k., af
dtr atr L V2 [ V2 2\ r2dtrs r2 der
c2 c2 (1 —)
dEy S, m,ﬁ% mon% k . -
o =F.vV=—f=—"5=—53FV
t (l_c_2> 2 r
<1+C_2)
dE, > mev.a movr.ar k . > meodr ”
_k=F,.\_;’= 02 = 0 3=——T'_V’ F’: 0 3:——7‘
dt v = r2 3 r2
(l_c_2> v’2 2 ( +£)2
<1+C_2) 2
- m d?r ans\?] ., dr do d =) ko,
Fro—me (o4 (224 1) g} - - 5
VI2\Z datr dtr dtr dtl dtl r?
(1+C—2)
> dr do d?e\ = dLr _ d ao dr do )
F’5=(2—— )Q)zzero —=—(r2—)= r——+r? — = zero
dtr dtr dtr? dtr dtr dtr dtr dtr dtr?
> m d?r ag\?] , k ,
TN (U
w2z Lt atr r
(1+C—2)
me d?r (d@)z k
r2\z atz - \atr T2
(1+C—2)
ag _ L dr _ . ,dw d’r _ -L'? d?w
dat 12 dtr ag der2 12 dg?
1 R r(u)z ko1
vIZ% r2 dp? r? T mgr?
(1+C—2)
2 42 2
1 L'“d w+r(Lr) _ k1
vz % r2 dp? r2 T mgr2
(1+C—2)
1 (dzw 1 k k
—— (55 + —) =— = B =
(1 2\ ap? moL'2 moc?
+—2)
C
3
1 1 1 1 1 1 1 1
:=(1-42) =1-34;+342 - A5 =1-34> 3422 — 431 = zero
( 2z r r r r r r r
1+—2)
C
d“w 1
(1-342) (GG +1) =5
(1-34 )dwz (1-342)2-B = zero
da?w d?w1
W— 3Ad__+__ 3A——B = Zero
w34 34
207 WW +w— w? = Zero
d?w
Tz tw— 3A ~w — 34w? = zero
11 aw _ -Qs  (8Q) a?
w=-=—[1+ ecos — = —
-1 0Q)] =" T2
cos((Z)Q) COS((DQ) 1

2

28.20
_k
T mpl'2
28.21
28.22
—-Q%cos(9Q)

D

{— [1+ SCOS((Z)Q)]} — B = zero



+—+—
D &D

2
—Qz cos(9Q) 1 COS((Z)Q) + 3AQ2 1 COS((DQ) c0s09) | 3AQ2 cos (@Q) [ 34 64 cos(@Q) +34 cos (@Q)] B = zero

e2p2 e D

2 1 cos((DQ) 2 cos (Q)Q) 34 64 cos(9Q) cos?(9Q)

_n2¢os@Q) 1 coS(Q)Q) _ __ 64
Q E— +SD +—+ 3AQ + 34Q° ——= T AT — 34 o2
2 cos ((DQ) ( Y 21 )cos((DQ) 34
(34Q% — 34) 1-0Q°+34Q i > + — e B = zero
34Q% 34 2 1 2 34Q% 1 6A 1 34 B
(2 _tycotoo) (__Q_J,_Q___)MJ,______ Jero
34 34 D2 34 34 3A &D  3AeD D 3A¢ 34¢2D2 34
2 _ cos2(pQ) ( 21 )cos((Z)Q) 1 1 eB _
@ D= D2 + 34 Q eD D + 3AeD  &2D2  eD3A = Z€ro
DB = sDk’2 — eDGMymg —
molL myGMyeD
cos ((Z)Q) ( 1 Q_2 21 i) cos(®Q) 1 1 1
¢ Q )= 34 + 34 Q eD + eD D 3AeD + £2p? + eD3A zero
(wo) 1 Q2 1 2\cos(@Q , 1 122
cos 1, n2l1  2)\cos@Q) 1 _ 2 _ _"eD
A=) ( 34 + 34 Q &D + sD) D + szpz 2670 Q 1_%
1— 12A Z(Q)Q) 1 1 1— 12A 1 1 12A 2 ((Z)Q) 1
cos = cos
1-(—& t-=+=(—2 L)+ = + 5= = zero
1- D2 34 34\ 1- = ) 1- eD D g2p2

(1S 1 o0 [ ), L) (2 St
3A

eD eD D2 eD eD eD eD eD eD D
Zero
6A cos2(pQ) 1 2 1 4 1 12A 2 12A cos(0Q) 1 1 6A
@D D2 +(——+—+ ————— toato T 22) 2p2  s2pzep . 2€T0
&b D 34 &D 34 &b &D gD &D gD D gD g“D“ gD
6A cos2(pQ) 1\ cos(6Q) 1 1
=D 2 +(__) 2pz  s2pz ep  Z€T0
&b D &D D gD g“D“ gD
2
cos“(0Q) cos(®Q) 1 6A
AL _cos0Q) | 1 A _ sero
D2 D eD  g2p2
6A
cos(0Q) 1+\]1 4'6A(£D gZDZ)
D 2.6A
" 24A  144A2
cos(@Q) _ 1310 "z
D 2.6A
124\2
cos(pQ) _ 1E ()
D 124
124
cos(@Q) _ 1*(1-7)
D 124
124
cos(pQ) _ 1-1+-7H
D 124 D
cos(8Q) 1
—_— = E— = Zero
D eD cos(8Q)

For hyperbole eccentricity (¢) is defined as € = ( 20
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1

£2p2

where (@) is the angle of the asymptote.

— B = zero

(1
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The movements of the ellipses will focus F '(left) on the origin of the frame.
. . . _ _ eD _ a(1-¢%) _ 5(1-08?%)
All ellipses are described by the equation r = r(t) = Trico Q) = Trecoscd) — 1+08005G0)

vector radius (tQ), indicates the position of the planet Mercury in all ellipses, the movement of Mercury in the
ellipses is counterclockwise, with the value of Q being the cause of perihelion advancement or retraction.

In these the angle

The first ellipse in blue represents retrogression of the perihelion, where we have Q = 1.1.

The second red ellipse represents the advancement of the perihelion, in this we have Q = 0.9. In this ellipse
the perihelion and aphelion advance in the trigonometric sense, that is, counterclockwise which is the same
direction as the planet's movement in the ellipse.

The fifth ellipse in green represents a stationary ellipse Q = 1.
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§ 29 Yukawa Potential Energy

Newton's gravitational potential energy E,y

P =VEF= [(-59) (-51) = (&) 7= (&) =%
dE

= N Kk k
F=-m Epn = =7 F= ==
F=-—Tep=_Xp
r r
Yukawa potential energy E,y
Epy = =k e_rar = —krle=ar k>zero a = zero
Potential Core EnergyEy
Breaking apart E,y = —ke_r we get:

e ar k 1 1
Ey=—k—= (— ;) (e;) = E,nCy Cr =2 k>zero
a=zero > Cy=1-Ey=Ey r = oo - Ey = zero
dE d dr dr

p -1,-a -1-1 -a -1),—ar
2o ey - ffenrnfle sonen ()
dr dr( e (=Dr ar) € (e Aar
dEp _ i(—kr‘le_"‘r) = —k(-r%e™ —ar le™®) = ke_alr + ak e’
dr dr r? r
dE, d ( ke‘a ) B (k e " 4 ke‘ar)
dr ~ dr r /) rz AT
e—a e—ar e—ar e—ar
Epyzdepzfd(—k )=f(k > +ak )drz—k + constante
T r r T
- dE, . e~ar e~ary .
F=-—tf= —k( S +ta— )r Attractive force
m3 = mya me, dv
1_% fl_z_i dt
F = m3 = mea’ Mg d_W
[1+ 2 1+‘%22 dv
First variant.
= m, dv _ ear e N
F= ( . a )r
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k>zero

a = zero
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ar

e

c2 r

2 —ar
— 2 v e _ 2
Er = —m,c /1—C—2—k — = —m,C

2 —ar
1-Z=1-A°
C r
= ., myvdv e r e
dE, = F.df = k(S +at—ar
V2 r r
1-=
dv
dE, ~df MoVyy e7a  e7¥\ dr
—=F.—= =—k( —+a )r—
dt t V2 r r dt
1 —_
c
~dv
dExy -, MoVyf e e
LD Y L P
dt V2 r? r
1——
c
- m,a eTar  eTany
F= = —k( —+a )r
V2 r r
-z
o _mo ([&r _ (@)2 P (200 dz_w)A -
F= . ﬁ{[dtz dt Zdtdt dt? 4 k(==
_C
2 (,drdo d*g\ = _
Fg = (2 dt dt dtz) @ = zero
= _ mg d_Zr _ (d_@)z A (e—a —ar) R
F; = lvz[dtz r(3) |F=ki=+a 4
ra
d’r dp)?] k (e~ar e™ar v2
()] = k(e i
dt? at/ | mg \ r? c?
d?r do\2] _ k (e™@ e”ar v2
dt? r(dt) 1~ mo( r2 ta ) 1 c?
[d2r o 27 _ k [e—ar e—ar ( e—ar)
| dt? r(dt)__ mo(r2 ta r) 1-A r
@ _ L ar _
dt ~ r2 dt
—12 d2w L 2 k [e—ar e—ar e—ar
[r—zm r(r—z)]——m—o(rz ) (1-47)

+ constante

) + constante

2
Egr = —m,c? /1 - (Ze;o) -k

mgc2

dw
ap

157/172

e—aco

2 d%9

r-— = zero

dtz

d?r  -L2%d?*w

dtz ~ r2 dg?

mgL2




bl (T tat ) (1-AT)
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2 —ar —a
d—vzv+l=Be‘ar(1—Ae )+aBre‘ar(1—Ae )
ao r r r
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d3?w B —— I
o tw= [ +aw™) = (w+a)Ae ™ B

e 1 dw
I'= cos@ w=_-= Qcos(9) prin —Qsen(Q)

1
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1
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Qcos(®) + a — Q%cos?(@)Ae " — Qcos(@)aAe ¥ = zero
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Q2%cos2(@)Ae™a" ' — Qcos(®)(1 — aAe‘aW_l) —a = zero

1—aAe V' 4+ \/(1 - aAe“"“"’_l)2 —4Ae~aW ' (—q)

SR I

d?w
proe —Qcos(0)

Qcos(@) = e
1—afe® ' +/1—2ahe @V " + a2A2e-2aW " 4 4gAe=aW "}
Qeos(9) = 2Ae—aw 1
11— aAe™@V ' 4+ \/1 + 2aAe~aw ! 4 g2A2p-2aw !
Qcos(®) = Py
1—ade ™ £ [(1+ aAe‘"ﬁ‘W"l)2
QCOS(Q)) - ZAe—aw—l
1—afe™ "+ (1+ake @)
Qcos(9) =

2Ae—aw ™t
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1—aAe @ ' —1—ahAe W "

Qcos(0) = e

—aAe W' — gAemaW "
Qeos(®) = —————

1 —a-a —2a -1
w=-= Qcos(@) = = —a r=— E, = constante
dEp _ d ( ke—ar> _ (k e—ar + ke—ar) _
dr ~ dr r /) r2 a r /) zero
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—a -1
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Second variant.

= mg dv e @ e”an
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Ek = fﬁ/ df_» — f mgov/dvrs - _ f (k e;ar n ak e—rar) dr dEk _ —>,' df') _ mgvrdvr _ —k (e;ar + ae
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_dtlz_r(E>___m_0( r2 ta r) 1-l_c_2
[ a2r ae\?] _ k (e™ar e~ar vr2
(@) | = (e )\/”c—z
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ag? T r r
dz 1 _ _ —a _ _ —ar
£ 4 - =Be @ 4+ ABe @2 — 4 aBre " 4 aABre ¥ £ —
dp? r r r
d?w | 1 _ e~2a _ 2
—+-=Be™ @ + AB + aBre™@" + aABe™ -2
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r°— = zero
dts

d?r  -L% d*w

dat’2 ~ 12 dp?

k
B=——
mgLs
k
B=—3
mqLs
r=w!



d?w 1

+w=[1+aw™) + w+ a)Ae_aw_l]Be_aW_

ag?
1 d d?
I'= eos@ w= % = Qcos(®) d—‘;’ = —Qsen(Q) ﬁ = —Qcos(®)
—Qcos(®) + Qcos(®) = [(1 +aw™) + (w + a)Ae“’“"’_l]Be_"“"’_1
zero = [(1 +aw™1) + (w + a)Ae“"“"’_l]Be“’“"’_1
-1 —aw~ ! _ _1_ — w1l _1
(1+aw™) + (w + a)Ae = zero w=- Qcos(0) r=w pym——
[1 + Qcoi(@)] + [Qcos(@) + a]Ae™" " = zero
Qcos(@) (1 + Qcoa (®)> + Qcos(@)[Qcos(®) + alAe™V" = zero
Qcos(®) + a + Q%cos?(P)Ae W ' + Qcos(P)aAe @ " = zero
Q2cos?(@)Ae 3" + Qcos(®) + Qcos(P)ahe " + a = zero
Q2%cos?(P)Ae™ " + Qcos(®)(1 + aAe_aW_l) + a = zero
—(1+afe™ ) £ J(l + aAe‘*”“"’_l)2 — 4Ae=av ! (q)
Qcos(9) = S Ag—aw1
(1 +aAe™ ) & V14 2aAe=aW" 4+ a2A2e-2aw _ 4gpe-aw !
QCOS(Q)) = 2Ae—aw™!
—(1—aAe™™ ") £ /1 — 2ahe=aW" 4 a2AZe—2aw ™
Qcos(9) = S Ae—aw
-(1- aAe‘a""_l) + J(l - aAe‘aW_l)2
Qcos(9) = Py
-(1- aAe‘a""_l) +(1- aAe_a""_l)
Qcos(@) = Py
1 —1+aAe™ " +1—ahe™™
w= - = Qcos(@) = y——— = zero
3 -(1- aAe‘a""_l) +(1- aAe_a""_l)
Qcos(9) = Py
0cos(9) = —1+aAe™@W ' _14ap AW ! _1_ ©) 1
- 24 —aw 1 w == Qcos TEW T @
1 | —2+2aAe™™  —1+afe™ 1
W ) = e S e = aee

§ 29 Yukawa Potential Energy “Continuation”

Newton's gravitational potential energy Epy

SR EIESEN OO

dE
=20 K k>zero

dr r2
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F=—Spp= X
r r
Yukawa potential energy E,y
Epy = =k e_:r = —kr~le=ar k>zero
d&_i _lepr—lp—ary — _ _ —1—12 —ar —1\y,—ar | __ E
dar dr( kre ) - k{[( 1)1‘ dr] € + (I‘ )e ( adr>}
dE

dr dr
dEp_ d ke_ar _k e_a e—a
F_E(_ r >_ (rz ta r)
- —ar

e—ar ear e_ar e
>=kf( —+a )dr=—k
r r r r

= dEp . e—ar eary
FZ——pI‘=—k(r +a— )r

a 2\ 4w -
] mea =1 m vre\ dvr avr v
F=lrl=f=—To [(1+2)2_yD
1-Y_ vI2\2 c=/ dtr dtr c

c2 ( +c_2>

d
—2 = (—kr e @) = —k(—r 27" —ar~le7) = k(r 27" 4 arle~) = k<

=3 - = - e—ar e—ar R N
E,=[F.df = [F.df = [ k(= +a Pd7
d 2\ av v —ar —ar
mea - m, v/ avr dvr vr N e e . .
Esz—"z,drzf 2 3[(1+_2>——V'——2].dr=f—k( —+a )r.dr
1-% ( viz\2 ¢/ der dtr ¢ r
c2 +—2>
C
_ rmovdv _ movrdv: e~ e—ar
Bi= [TES = [P = [k (T +at ) dr
1——2 Ve 2
C (1+ c2>
D movdv movrdvs e—ar e—ar
dEk=F’,dF=°—2=°—3=—k( —t+as )dr
- 2\2
-2 (1+%)2
C
V2 ma,C —ar
Ep = —moc? |1 ol = — (—k ) + constante
)
2 -a
2 % e 2
Ep = —m,c ’1—C—2—k — = —m,C
- 3 s
E, = — M et 2 1 _(1__k e Loae™
R 0 3 5
/2 r w\z mec? T r
1+— (1+—2)
1 e—ar X
3 = (1 —A ) = >
12\2 r mec
(=)
av’
dEk _ pr 4T _ m"vi‘; moV’d" -k e”ar e\ dr k(e ar emary
=F'.— - (rz r)dt’ (r2 +a )r
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e~ar
r

Attractive force

28.16

28.17

28.18

28.18

28.19

28.19



dEy — ﬁ,.‘_;, _ mov?

dtr 1-Y
Y

dE F:, ¥ = mov.a

2 mg d?r (

vr2\2
(1+%)

> dr do da%e
P (2 ardd v
dtr dt dtr?

vI2\2
@7)
ao Lr
dtr 1?2

vI2\2
@7)
1 d?w | 1\ _ o (e73r
vz %(d(bz +_> = Br ( r?
(1+%)
1 e—ary3
> %_(1—,4 ) =1-34
(1+C—2)
—2ar —3ar
342 er—z - A3 er3 = zero
—ar 2 -
(1-34) (S5 +2) =Br2(°
r dp? r
—ar 2
(1-34=)2+(1-34
dp?
d?w d?we™3 1 e~ar
702_ 3AW r +;_ 34 r2
d?w d?we™3 1 e—ar
o M T3

e—ar
r

e—ar

r

ar

2

dr do
2—=+4r
dtr dtr

+ 342

w20} = (=

dLr d(

datr dt

e—ar e—a n
r2 a ) r
—ar e—a
+a )
dr _ yaw
der ao
e—a e—ar
+a )
my ( 2 r
—ar e—ar
a
r2 r )

e—ZaI‘

r2

1 e_ar e_ar
-~ = Br? ( +a )
T r r

=Br2(

e
r2

ar e—ar
+a )

r

Be™@ + raBe 2"
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3e7%
A 3 = 1 3A
-

dr d¢

d?r
dtr?

28.20
28.20
2 d%0 _
m = Zero
e
T r2 ap?
k
b= molL'2
k
B = molL/'2
k
A= myc?
28.21



d?w 1 d?w e~ar 1 e”@ Lar —ar _1
ap? r ae? r?2 = r? 34 r3 =B r +aBe w=s
2 2
‘;T”:w - BAZT‘;Ve“’"wz +w? —34e w3 = Be~aw + aBe™?
a’w 2 a’w __ar 2 —ar,,,3 —ar —ar
WW+W =3AWE w* + 34e #"'w*° + Be™*w + aBe
2 2
Sw+w? = e (3452 w? + 34w + Bw + aB) 28.22
. . . . 2 . .
w =%=xe’®+ye"0 %z ixe® — jye~® ZT‘:: —xe'® — ye~® i=+v-1
i0 i0 i0 i0 . L\ 2 dZW 2 3
(—xe® —ye ) (xe™® + ye ) + (xe® + ye )" = e 34 T + 34Aw3 + Bw + aB

(—xei® — ye=i9)(xe™® + ye~i9) = [(—xei®)(xe™®) + (—xei®)(ye~®) + (—ye~1?)(xei®) + (—ye~1?)(ye~i9)]
= (—x2e¥® — Xy — yx — yze—zuz)) = —(x2e?® 4 2xy + yze—ziw) = —(xe® + ye—io)z

. . . . d*w
—(xe™ +ye )" + (xel® + ye )" = e~ (3,4017)2\/./2 +3Aw3 + Bw + aB)

2

w
zero = e™3f <3A w? + 34Aw?3 + Bw + aB)

dp?

d*w
34——w? 4+ 3Aw? + Bw + aB = zero

ae?
34(—xe® — ye~?)(xe® + ye“'@)2 + 34(xe™ + ye“'@)3 + B(xe® + ye ) + aB = zero
3A(—xei® - ye‘im)(xew + ye_i‘z))2 = —3A(xei® + ye‘i‘z’)(xei@ + ye“"z))2 = —3A(xei® + ye_i‘z))3
—34(xe® + ye_i¢)3 + 34(xe® + ye™®)3 + B(xe® + ye™®) + aB = zero

B(xe® + ye™®) + aB = zero xe® + ye™® + a = zero

1 . )
w=-—=xe®+ye ®=—a
r
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§30 Energy

In §28 simplified calculation of the perihelion retraction we obtain:
Ek _ fmowd,\;/ _ f mavdvE _ f_rkzdr dEk _ Fz dit = mowd’\;l _ movdvE _ _%dr 28.08
vE () Poa gy
vi2 mgc? k viz  k
Ex = myc? 1+—2=\/z=;+constant Er = m,c? /1+C—2—;= m,c? 28.09
2
_ mec? k 2 1 k 1)\3 _ 13
R 2%_(1 1) =(1+4) 28.10
b (1—:—2)
2
In this first variant relativistic kinetic energy is greater than inertial energy ToC = > m,c?. This causes
28.08

Mercury's perihelion to recede. The planet seems heavier due to the movement.

mevrdvrs mevdv k
Ex=[—=2 = °— = [—=dr
vI2 N> r
\/1+—2 ( v )2
C 1-—
C
v T\ movdv _ cr k
Ex = J‘v’:zero vz fv:zer il fr:oo 2 dr
14— v2\2
c 1—C—2
v
v
vr2 mgc? Kk|*
Ex = moc® |1+ === =-
¢ ! 1_V_ Ilr=co
V' =zer 2
v=zer
2 moc? _k k
r o

12 2 12
Ex =myc? [1+ VC—Z —myc? = m°cvz m,c? :l;( m,c? /1 + Vc—z > m,c? m"CVZ > mgyc 30.1
Defining potential energy as Ep = —%: 30.2
12
And applying in 1 we have E, = myc? |1+ VC—Z —myc? = ":°CV2 — m,c? 30.3
3
In 3 we have the energy conservation principle written as E, + E, = zero 30.4
. . . v'? mgc?
With 3 the kinetic energy equal to Ex = myc? /1 +5- myc? = \/ﬁ —mgC 30.5
3
n 3 the lowest energy of the system is the inertial energy of rest Ey = m,c? 30.6
72 2
In 3 the highest energy of the system is E=myc? [1+5 =12 30.7
[« ,1_\;_2
Now defining p = m°:2 =myv vp= °‘;2 =myvv' T' = myc? |1+ VC;ZZ T = —m,c? ’1 - Z—; 30.8
1—C—2 1—C—2
2 2
E =c/mjc? +p? = m°cvz— m"vz+m0c2 1—:—2=vp—T 30.9
1-=Z -z
30.10

And knowing that

Ifin9 m, =zero So
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Applying 8 and 9 in 7 we obtain the greatest energy of the written system as:
E=c¢/mjc2+p2=T =vp—T This we have vp=T'+T 30.7b

With 8 and 9 we can write 3 in the form:

12 2 2
Ex = myc? ’1+VC—2—m0c2=\/n[%+moc2 /1—Z—z—m0c2=—Ep 30.3b
s

Ex=T —E,=vp—T—E, = -E, 30.3¢
From 3c we can define the resting inertial energy E; = m, € E; = m,, in the form:
Eo = T'+ E, = m,c? and Ey =vp—T+E, = m,c®. 30.11
Defining Lagrangean as L=T-E, = —myc? [1— ‘C'—z +lf 30.12
. . d (L) _ oL .
This Lagrangian meetsa (5) = according to §24.
So from 11 temos: Ey = T' + E, = myc? and Ey, = vp — L = m,c? 30.13
In §28 simplified calculation of perihelion advance we obtain:
B = [ B = fmovdy _ fXr dE; = F.df = B = 2oV = _ S gy 28.17
R () (e
2 v2 mgc? k 2 vZ k 2
Ex = —m,c 1—C—2=——,2=;+constant Er = —m,cC 1—C—2—;=—moc 28.18
145
_ mec? k. 2 1 k 1\3 13
ER—_—’Z_;—_mOC Vlzg_(l_mocﬁ) _(1_A;) 28.19
1+VC—2 (1+c_2>
moc2

In this second variant relativistic kinetic energy is smaller than inertial energy =< m,c2. This causes the
v

c2
advance of Mercury's perihelion. The planet really is lighter due to movement.

_ mgvdv _ ~ mgvrdvr k
Be=[T==/""5=/-gd 28.17
v 2
-z (1+v—2)
C
_ (v movdv v/ mgovidvr _ er k
Ex = J‘v:zero vz J‘v’=zero R J‘r:oo r2 dr
1-— v )2
c 1+—
C
\'"4

z|” 2 r

\% mecC k
Ex = —myc® [1—— = o =-

¢ \/1 vre Ilr=co

v=zero 7|,
v/ =zero

v2 (zero)? mgc? mgc? k k
Ex=-myc? [1 -5 —|-myc® [1 ———|=—"—=—-| —— =-—=

c c )2 (zero)? r o

v 1+ Vi
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2 2
\% m,C k
Ex = —myc? [1——=+m,c? = ———=+myc* =~
C v'2 r
1+ oz

2 2 2 2
Ex = myc?—m,c? ’1 —Z—z =myc? — === 1;( myc? = myc? [1— Z—z myc? > 2=
12 12
1+VC—2 1+Vc—2
. — : k.

Where applying 2 the definition of potential energy E, = -

2 2
We get Ex = myc2—m,c? /1 - Z—z =myc? — == == -E,

1+VC—2
In 15 we have the principle of conservation of energy written as Ex + E, = zero.
Being 15 the kinetic energy equal to:
v2 mgc?
Ex = myc?—m,c? ’1 — = =myc? - =
C 2

1+"C—2

In 15 the biggest energy of the system is the inertial energy of rest Eo = myc?
2 2
At 15 the lowest energy in the system is E'=myc? [1-5 ==
12
1oy
Now defining p' = LVZ =myv v'p =2 = = m,v'v
145 14
2 12 2
And knowing that E'=cymicZ—p?=-"10_=—-12_4mc? |1+ VC—Z =—v'p +T
v /2
1+C_2 1+‘L—2

If in 20 m, = zero so E' = icp’
Proving 20:

;o Mmoc” \/T
E'= — = ¢ympc —p't =
1+C—2
E’ moc? = cym2c2 —p’2 =
- VIZ_ 0 pe=
Z
2
E' = 21 Y-
=m,C -5 =c
C

Applying 8, 19 and 20 to 18 results in the lowest energy of the written system as:

E'=c/mjc2—p2=-T=—-vp +T This we have vp =T +T

With 19 and 20 we can write 15 in the form:
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30.14

30.15

30.16

30.17

30.18

30.19

30.20

30.21

30.18b



v2 mgvr? vr2
Ex = myc?—m,c? ’1 -5 = myc? + = — — myc? |1+ = ="E
1+C—2

Ex=Ey+T=E,+Vvp —-T =-E,
From 15c we can define the resting inertial energy E; = m, e E, = m, in the form:

Ey = —T — E, = m,c? and Eo = —v'p' + T' —E, = myc?.

2
L'=T —Ep=mc? |1+ +5

Defining Lagrangean as

This Lagrangian meets % (%) = % prova no final.

Ey = =T — E, = m,c? Ey = —v'p' + L =m,c?
Rewriting 11 e 22:

Eo = T' + E, = myc? and Ey =vp —T+E, = myc®.

Ey = =T —E, = m,c® and Ey = —v'p' + T' — E, = m,c.

Equating E, of 11 with E, of 22 we have:

Ey=vp—T+E, = -T —E, = m,c?

This we get vp = —2E

p

Matching —E, = ? the kinetic energy of 3b we have:

12 2 2
2 v 2 2 v 2 T
Ex =myc* |1+ =~ Mec” = + myc” |1 2~ Mec” = E,=—=

In 3d we should have:

2 2 2
mgVv A% 1 myv
°— + myc? [1 - —myc? =2
v2 c2 2 v2
1-% 1-2
C

2 2
v v 1
myv? + m,c? (1 - C—z) — m,c? = 2

1 2 2 2V 2 v?
2 MoV + myc® —mgycC =~ M€ 1—C—2=zero

1 v2
Emov2 + myc? —myv? —myc? |1 — = = Zero

2 2
2 _1c” 2 _ 2 _r _
m,C S 2 MeV™ — mgC 1 = = zero

2 2
2(q 1V _ 2 |1 Y _
m,C (1 5 Cz) myc” |1 — = = zero

2
The approximation(l — %‘C’—z) = /1 — :—2is the cause of Mercury's perihelion setback.

2 2 2
m,c2 /1 - Z_Z — m,c? /1 - Z_Z =zero  Result that proves that E; = % m°vvz
1__

c2
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30.15¢

30.22

30.23

30.24

30.11

30.22

30.25

30.3d



Equating E; of 11 with E; of 22 we have:

Eo =T +E, =-v'p'+ T — E, = myc?

This we get v'p' = —2E, —E, =12 = > o 30.26

Matching—E, = % the kinetic energy of 15b we have:

v2 mgvr? v'? v'p’ 1 mgvr?
Ex = moc®—m,c® [1 -5 =m,c® + == —myc? |1+ =-E, = E=-Te 30.15d
c 1+ﬂ c 2 2 /2
C2 1+V_2
C

In 15d we should have:

2 mgvr? 2 v'? 1 mgvr?
m,C +——m0c 1+_—_
vi2 c2 2

1+ 1?2

<z 14
72 72
myc? + 22 _mc2 |1+ > = Zero
2 )2 c
1+Vc—2
2 v o1 2 2 v'?
myc” |1+ = T7mev" —mgC (1 +C—2) = Zero
V’2 1 12 2 12
myc? |1+ — +5mev’" —myc? —mgv'® = zero
v'? 1 cz 2
myc? [1+ = myc? — Sm, 5 Vv'" = zero
2 v’ 2 1vr2
myc” |1+ =~ MoC (1 + Ec_z) = zero
12 12 . . .
The approximation(l + %‘L—z) = 1+ ‘L—z is the cause of the advance of Mercury's perihelion.
2f1+£— 2f1+ﬁ— Result that proves that E, = 22"
m,C =~ MoC = = zero u prov k= ZJE
c2
From 25 and 26 results vp =v'p’ 30.27
Applying 25 to E_0 of 22:

e T—FE = -T4®_pme2 | yimv? _ moc® (0 2v? v
Eo=—T—Ep=-T+2=mec? |15+ 100 _ MoC (7 204 1) 30.28
C C
Eg=-T—E,=-T+2=MmC (1 V)Mo [y ¥ _ ., 2 30.28
A +7__v2( _§)= a2 ¢ :

l—c—z l—c—z
Applying 25 to E, of 11:
Eo=vp—T+E, = 2% ~T-2=-T+ Result already obtained on 28.

Applying 26 in Ej of 11
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=T 4B, =T =Y o2 140 imav | mec? (g 2 v 30.29
0 P 2 o 2 2 2 2 2¢2  2¢2 :
\'4 \'4
Wz [t
, , ,  v'p' mgc? v’ . mgc? v'? 2
Ep=T +E, =T -2 = 2 (14 ) = 1+% =m,c 30.29
2 v,z 2c v,z c
ez ez

The approximation that exists in 28 and 29 is the cause of the advance and setback of Mercury's perihelion.

Applying 26 to Ej of 22

I.! I’
Ey=—v'p' +T —E, = — 2P +T + =T =2 Result already obtained on 29.
d (L _ oL P _ 2 viZ K

Proof that E(E)_E L'=T —Ep—moc 1+C—2+;
1o 4 (oLry _ oL 4|9 2 ﬁ_ik)
Fx_dtl(ax'/)_ ax Fx_dtr [6){' (moc 1+ c2>]_6x(r
v’ =%= JX2+y2+72 ds = |ds| = /dx? + dy? + dz? r2 =x%+y?+z2
' _i(li)_ 9 r 1) = k(—1)p-1-1=-290 _ _p1X_ X o _x
Fx_ﬁx r _kﬁx(r ) =k(=Dr ax krzr_ kr3 ox r
F =P i+ Fj+Fk=—kZi—kij—kZk=-S(xi+yj+2k) = —=F=—=<¢ =19.01

X y] Z 3 r3] r3 r3 y) r3 r2 )

1 1
= (mot 145 ) = mc (14 ) P2l = e 2
Px = 5% | Mo€ | T M€ 3 c2 2ok [ vi2oxr
CZ

ov/ 4 (\/m) 1 0p | wr2 | s12ya—l=—sn oy 0% X! X1
—=—(4/X VA ==-(x 7'4)2 22 — = ——o—onon ==
oxr  9xs Tyt 2 &=+ yo ) oxr  x2+y'2+z'2 v

;0 m. 2 1+v12 _ movr 9v/ _ meV/ X/ moX
Px= % o c2 V12 %1 viZ vr vi2
1+—2 1+—2 1+—2

C C C

, dpry d mgX/ my |dxs vr2 . d vr2 mg " vr2 . d vr2

e - E el L 1+Z )| = ¥ 1+ v L [1+2

F X dtr dtr B vi2 (1+v/22> du 1 + 2 X av + o2 (1+V722> + c2 du + c2
C C

F’ _dpry _ d moX/ _ mg X’ 1+ vr2 _ X’ 1 V_ldVl
X7 qu T du vI2 vr2 c2 viZ c2 dts
1+ ez 1+
C [

F _dpx d meX/ _ Mo Xl(l_l_ﬁ)_-lv’ﬂ
x = =

= — X —
dtr dtr vi2 3 [ c2 cZ dtr
1+— vI2\2
c2 (1+_c2 )

F =F,i+F,j+Fk

= m, . ﬁ)_.,v_r@A [,( ﬁ)_-IV_'@]A [,( ﬁ)_ s v/ dvr A}
F—( wz)g{[x(1+cz X3 1+ |y 1+C2 Yol |2 1+C2 Zczdtlk
1+—2
C
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- 2 ’ :
Fo ™ fr(145) - 02y (142) -y 284 (14 ) R 2

dts

= AW N T RN =~y vr dvr
Fr=—e H{(1+5%) ®i+77+ 2R - (¢ + ¥+ 2R) 55}
(e
C
Bro _mo Y@ v dng)
F _( wz)g{(l-l_ cz /) der 2 dtlV
1+—2
C

§30 Energy Continuation

With 3d, 6, and 9 we get:

2 2 2 2 1
Ex=E—E, = m°CV2 —myc? = m°‘;2 + myc? [1— Z—z —myc? = m”‘;Z =>vp
l—c—z l—c—z l—c—z
i . V2 4E]2(
This we get: Z = 2
That applied in 8 results: p= m”‘;z - E = %,/pz—mﬁv2
-
cZp
1
If at 32 m, = zero then: E,=2=-vpov=c
o k 2 2 p

For a particle with velocity c = Ay and zero resting mass m, = zero we have:
h
E = hy p= X

Applying ¢ = Ay and 34 in 33 results:

cp _Ayh _vh hy
E :—:——:——)E = —
k 2 2 A 2 k 2

From 34 and 35 we have:

E = 2E;

Applying 36 in 30 we have:
Ek=E—E0—>Ek=2Ek—E0—>EO=Ek=§

Applying E, = m,c? in 37 we obtain:

E Ex E
E.=E.==-=m Cz—)m =K _ -
0 k 2 o o 2 2c2

With 33 and 38 we get:

C
Ek=?p=moc2—>p=2moc
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y v dvr =~
c2 du

J

=28.16

30.30

30.31

30.32

30.33

30.34

30.35

30.36

30.37

30.38

30.39



"Although nobody can return behind and perform a new beginning,
any one can begin now and create a new end"
(Chico Xavier)
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