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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 (I:" ), Electrical Field (E ), Magnetic Field (f? ), 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:

- Itis 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 = 1ga=—/,/1——.
c c

, C 1
Fresnel's formula = ¢'=—+v(I——).
n
V2
Mass (m ) with velocity (v ) = [resting mass (mo )]/ 1——2 .
c
E=mc’.
Momentum = p=—22V_
v
c2

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

i} A
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(t— —ﬂu =—
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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:

= divE = ﬁ; = divE = 0. = divB = 0. — RotE = ﬂ
€0 ot

= RotB = puo.j+ so.uo.%;: RotB = go.yo.%.

¢ ¢

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

2 2 2 2
82+82+82_LZ82:0 :}a—p+VJ=0
ox~ 0y~ 0z° ¢ Ot ot
Other Works:

§9 Explaining the Sagnac Effect with the Undulating Relativity.
§10 Explaining the experience of lves-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”
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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

X2+y2+22—02t2=x’2+y’2+z'2—czt'2. 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

. vi 2wx
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

3/164



12 r ot
% 2V'x
:t'\/1+ + ) 1.8

2 2
c c’t
Table |, transformations to the space and time
X =x-vt 1.2 x=xX+vt 1.4
y=y 1.2.1 y=y 1.4.1
z=z 1.2.2 z=7 14.2
2 2
v 2wx v 2v'x!
t'=t 1+—2——2 1.7 t=t' 1+—2+T 1.8
T | 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) 1.9

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

From the equation system formed by 1.7 and 1.8 we find

\/1+é—2—?.\/1+§+2‘}2’)€'=1. 1.10
c c't c c't

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

2 2
A ) 1.11
C C

Ifin 1.10 x = ct and x’ = c t’ then

e

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

LT A SR 1.13

x _dx y dy z dz
{dt a7 T

and then we can write

2 2
ve o 2vx v: 2vux
\/14‘—2——2 :\/14——2— T - 1.14
c ct c c
With the use of 1.7 and 1.9 and 1.14 we can write
vt v 2wx v 2vux
u=—:\/1+—2——2:\/1+—2— 7 - 1.15
|v'| t c ct c c

Differentiating 1.9 with constant v and V', or else, only the time varying we have

e = e or 14" 116

|v
/ 2vux / 2vux
but from 1.15 ~— | then dt'=dt 1+——— 1.17
\%
1
Being v and v’ constants, the reazons H and — in 1.15 must also be constant because fo this the
%
) , vio 2wx x dx )
differential of 1+—2——2 must be equal to zero from where we conclude — = 7 =ux, that is exactly
c c’t t t

the same as 1.13.
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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

x'dx' "ody z' dZ
! !,y :l:uy)_:_:uz’ 118
t dt’ t dt’ t dt'

and with this we can write ,

1 Vi 'y . v 2v'u'x!
st =l ——. 1.19

c ct' c c

With the use of 1.8, 1.9, and 1.19 we can write

|V | v!Z 2vl xl v|2 2vvu|x|
= JI+—+ = [1+—+ . 1.20
tr

2 2 2 2
M

c c’t c c

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

V|dr'=dt or Pl 1.21

|v| dt
v' v12 2 ( v v V|2 2V' ' |
but from 1.20 | | \/l+—+ — 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
v
V|2 (] X' '
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 1.19in 1.10 we have

v 2vux Vi 2v'u'x!
l+—-— A+ —+ =1. 1.23

¢t c’ c’

To the observer O the vector position of the point A of coordinates (x,y,z) is
R=xi +y +zk , 1.24

and the vector position of the origin of the system of the observer O’ is
Ro'=vti +0j +0k = Ro'=vti . 1.25

To the observer O’, the vector position of the point A of coordinates (x',y’,Z’) is

E'zx'f+y'j+z'l€, 1.26
and the vector position of the origin of the system of the observer O is

Ro=—V1'i+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= —Vv 1.33
v|2 zvvuvxv
I+—+——
c c
P'= —v ) 1.34
2vux
Ity
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 u and u'

Differentiating 1.29 and dividing it by 1.17 we have

dR' dR —dRo' -V u—v

= . 2.1
di' 2vux Vv 2w VK
2 02
D|fferent|at|ng 1.30 and dividing it by 1.22 we have
dR B dR'—dR'o i u'—v' U= 0o
dl‘ ' v|2 2vvu|x| v|2 2vvu|x| \/_'
ar'\[1+—+——— I+—+——
c c c c
Table 2, Law of velocity transformations # and '
g=tr 2.1 g2 2.2
VK ' VK '
S WY 03 o — u'x'+v' 04
JK ' JK '
uy ulyl
u'y'=—« 2.3.1 uy =—F/—= 2.4.1
VK VK
=2 2.3.2 wz 242
u'z'=—— 3. uz = 4.
K VK
h'=lﬂ— 15 | ve 1.20
JK JK'
2 2
v 2vux v 2v'u'x!
JK = ]+_2__2 2.5 1/[{':\/14__24_ : 2.6
c c c c
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Multiplying 2.1 by itself we have

2vux
u 1+—— >
' 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
. v v'u'x
u'. 1+ ey + "
u= 4 “ 2.8
v 2v'u'x'
I+—+—
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'= =c as it is required by the principle of constancy of
v 2ve
I+
c c
velocity of light.
. s c+V' - . e
If in 2.4 we make u'x’ = ¢ then ux = =c as it is required by the principle of constancy of
v v'e
I+—+—;
c c

velocity of light.

Remodeling 2.7 and 2.8 we have

u
==
2vux c
l+—-— .
C C uvz
==
c
u12
|
v 2v'u c?
I+— PR
c c u’
-2
c

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

dﬂH_ﬂaﬂ:wJ__

dt = dr’ +””:m_
=
AR R
1+‘;2+2;}20 lJr‘;—2
¢ c’

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 \%
0= :>ux=v,c=—y:>uy=01/1——,uz=0,
v: o 2vux v: o 2y c
I+ -
c c ¢’ ¢
2
2

/ v
u= \/uxz +uy2 +uz’ = v +| ¢yl - +0° =c exactly as foreseen by the principle of relativity.
c

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

ux v v/c
tango = — = = 215

uy v? \/ v?
Cll—— 1——
\/ ¢’ ¢’

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' uly' v

0= =ux'=—v',c= Y :>u’y'=c ]——Z,U’Z’ZO,
\/ v'e 2viux! \/ v'? 2v’(—v’) ¢

I+—+—— 1+—+
c’ c’ c’ c’
2
2 v’
u’:\/u’x’z+u’y’2+u’z'2 = |[(=v) +|c I-—| +0° =¢
c
! ! !
-V —v'c
tango = = = 2.16

u'y' v’ v’
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'=Vv 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 v:io 2v) 2?2 c (v 2v
c'= = =l —+v|l+—+—| =|—+v|l-——| 5+—
\/1 v 2ve/n \/1 v:i 2y \n ¢ nc n 2\¢® nc

2 2
c c

CZ nc

Ignoring the term v’ /¢ we have

(e v)_c v v
d=|—+v|l-—|z2—+v-——-—
n nc) n n*  nc

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

c Vv ¢ 1
c':—+v——:—+v(1——2) 217

n I’l2 n n
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Doppler effect

Making 7° =x+y°+z> and r’=x"+y”+z” in 15 we have r’—c’t’=r"-c’t"" or

2
(r—ct)= (r’—ct')@ replacing then 7 =ct, '=ct' and 1.7 we find (r — ct) = (r'—ct’) ]+v_2_2_\2/x
r+ct) ¢ ct
' 2
as c=— =" then i(kr—wt)zi(k’r’—w’t') ]+v_2_2_\2/x where to attend the principle of relativity
kK k ' ¢ c't

2
v: o 2vx
we will define k'= k1 /]Jr—2 - 218
c ct

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 l//(l’,t) = 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' ()= 1 (kK r'—w't") 2.20
represents a curve that propates in the direction of R'.

_ 2, 2m
Applying in 2.18 k :7, k 27, 1.14,1.19, 1.23, 2.5, and 2.6 we have
A A
l,:— e l =, 221
JK JK'
that applied in ¢ = yA=y'A" supply, )'= y\/f and y=)'J/K". 2.22

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

E'=EVJK and E=E'JK'. 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’zy(l—z) , 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 c, 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

12
, \%
V=m/1—c—2, 2.25

that is exactly the formula of the transversal Doppler effect in the Special Relativity.

§3 Transformations of the accelerations ¢ and a’

Differentiating 2.1 and dividing it by 1.17 we have
dﬁ':dﬁ/x/f+(ﬁ_§)Ldux/Kx/E:>a, o) 2
i dK ¢’ dK ¢’ K? '
Differentiating 2.2 and dividing it by 1.22 we have

dii di' /K’ () Vodu'x'/K'NK @ @) " a'x
@ aye e ade ! '

3.2
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Table 3, transformations of the accelerations a and a’

G a +(ﬁ—\7) vV ax 31 G- a' —(ﬁ'—fz') via'x' 30
K ¢’ K’ ' K’ ¢’ K" '
, ., ax vV ax a'x' L,V adx
ax =E+(MX—V)C—ZP 33 ax = I —(I/l X +v )—2 K’2 34
ay vV ax ay' via'x'
a'y'=;+uyc—2P 3.3.1 @y == ’y’—ZK,Z 3.4.1
, ., az vV ax az , ,Vax
az =E+MZC_ZF 3.3.2 az= 1% - _ZK'Z 34.2
, a a'
a :E 3.8 a ZE 3.9
2 2 Pt
v. o 2vux v V'u'x
K=1+—-"5 35 K'=1+— > 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'.a'= 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=tdv+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 dt'K’ K’

The direct relations between the modules of the accelerations a and a’ of two points in space can be
obtained with the #'=0=u'x'=0=a'x'=0= 1 =V = ux=7v coming from 2.1, that applied in 3.8 and

3.9 supply
, a a a' a'

a'= ; = > and a = — — = . 3.10

v: o 2vy v v 20 \

I+——-——5 1-— I+—+— I+

c c 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=ax'=0=u=v = ux=v coming from 2.1.

§4 Transformations of the Moments p and p’

Defined as p=m(u)i 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’
v!Z
Before s uxs = zero, uys = w u'x's==v',u'ys=w ]——2
c
V2
Collision s’ uxs'=v, uys'=-w /]——2 u'x's'=zero, u'y's'=-w
c
12
After s uxs = zero , uys = —w u'x's==v', uys=-w 1_v2
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(1/HXS'2 +uys'’ )uxs’ = m(w/uxsz +uys’ )uxs+ m(wluxs’2+uys'2 )uxs' ,

where replacing the values of the table we have

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

and for the axis y

m(«/uxs2+ uys’ )uys+ m(«/uxs’z +uys'’ )uys’ = m(w/uxsz +uys’ )uys+ m(w/uxs’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 1——2:—m(w)w+m Vi Wal—— | [Wol-—,
c c c c

simplifying we have

2 2
v %
m(w)=m \/v2+ w? (] ——ZJ I——, where when w—> () becomes

T P <
1=

but m(O) is equal to the resting mass m, thus

0

m
m(v) = ———, with a relative velocity v=u = m(u) = 4.2
V2 2
1- — 1- —
c c
— _ ~ myu
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

11/164



m’(u'):L 43

u
]—
CZ
- - m,u'
and p’:m'(u')u':#. 4.1
u'
1- 2
c
. e . . _ _ m,
Simplifying the simbology we will adopt m = m(u) =T 4.2
-2
CZ
m
and m'=m'(u')= 0 43
ur2
1= 2
c
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 [ 2
V' Vu'x / v 2vux
mzm'\/]+ -+ 5 =>m=m'~vK'" and m'=m 1+—2— > =>m=mvK . 4.4
c c c c

Defining force as Newton we have F = @ = d(mﬁ) and F'= @ = M with this we can define then
dt dt dr' dr'

kinetic energy (E,,E', )as
E, = jﬁ.dﬁ = ]i d(mﬁ).dﬁ = jd(mﬁ)ﬁ = j.(uzdmwL mudu),

0 0 dt 0 0

’ T o D! T d(m,ﬁ') D T r=r\ o T 2 ’ [ '
and Ek:jF.dR :J‘—'.dR =Id(m ') di =j(u dm'+m'u'du )

0 0 dt 0 0
2 2

Remodeling 4.2 and 4.3 and differentiating we have m’c’—m’u’ = m0202 = u’dm+ mudu = c’dm and

m?cl—-mPu’ = m0202 =udm'+m'u'du’'=c’dm’, that applied in the formulas of kinetic energy
supplies E, = Tczdm =mc’ —myc’ =E-E, and E', = ]fczdm’: m'c’ —myc’ =E'-E,, 4.5

my my
where E =mc’ and E'=m'c’ 4.6
are the total energies as in the special relativity and £, = 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= c\/mozcz +p° and E'= c\/mozcz+ p” 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 py e ., . E
= - = m'u'=mi—my = p'=p——V

_
~

|

o | <
RN

_
~

|

|

[N

Q_
~

|

iy

[N
[

— — = ’

= 7 — ! s = A =
and = - 2Dmu—mu—mv:>p—p—c—2v.

! = E o > =1 E’ o
p=pP——7V 4.9 p=p——7V 4.10
c c
[ E ! ! E' !
pxX=px——>V 4.11 pxX=p x+—v 412
c c
p'y': py 4111 py = p'y' 4121
p'z'=pz 4112 | pz=p'z 4.12.2
- EJK 223 | p_pidi 2.23
m m
m=mu)=———= |42 m'=m'(u)=—=L—= |43
I/lz 12
c c
E,=E-E, 4.5 E' =E'-E, 4.5
E =mc’ 4.6 E'=m'c’? 4.6
E =m C2 4.7 E =m C2 4.7
4.8 4.8
E=cym c’ +p’ E'=cymS c’+ 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 E, =m,c’
2

E, m,
-Frequency y"ZTZ h

-Wave function y,=asen2ry t, with a = constant.

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

0

2
Ji-r
C

-Mass m = m(v) = (from 4.2 where u =v)

-Time ¢ = - = ——=— (from 1.7 with ux =v and t'=1¢,)
v 2w v
I+ ———5 -3
¢ c
E m,c’
-Energy £ = ——*—=—="—— (from 2.23 with ux =v and E'=E,)
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Y, m,c’ /h

2 - 2
C &

-Distance x = vt (from 1.2 with X’ = 0)

-Wave function y =asen2ny,t, —asen27ry1f1—— 1f]———asenZny 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 #'=0 = u'x'= (), we will consider the following variables:

-Frequency y=

(from 2.22 with ux =v and )'=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

12
-Frequency y=)'

(from 2.22 with u'x'=0)

Velocity v = ——— (de 2.13)

1+c2

that applied to the wave function supplies

2 2 12 41
VX v v vt
w'=asen2ry| t— |=asen2my’ |1+ t' | l+—————= |=asen2ny't’,
¢’ ¢’ ¢’ 2
e 1+ 5
c

§5 Transformations of the Forces F and F’

butas t'=¢, and y'=y, then y' =y, .

Differentiating 4.9 and dividing by 1.17 we have

F!

dr' K dt\/fc_ “JK

Differentiating 4.10 and dividing by 1.22 we have

B__G___dE V_Z:ﬁ:L[ﬁr_dE V—}:ﬁ: ! {ﬁ'—(*.ﬁ')v—} 52
dt  dr'\NK drJK ¢ JK'

From the system formed by 5.1 and 5.2 we have

dp dp dE Vv = I[ﬁdEv}:~_
dt ¢’

[F— (ﬁﬁ)iz} 5.1

dE dE’

dt dt'

or F.ii=F'

Ql

5.3

that is an invariant between the observers in the Undulating .Relativity.

14/164



Table 5, transformations of the Forces F and F'

_.!_ ] = = ‘4} = — 1 _.! _.I e ‘7,

! 1 ] - - v ] 1 ! 4’! =/ '
F'x =ﬁ{Fx— (Fu)c—z} 54 Fx = \/_, [F X +(F.u )0_2 55
F'y'=Fy/K 541 | Fy=F'y'/JK' 5.5.1
F'z'=Fz/JK 54.2 Fz=F'z'/JK' 5.5.2
dE' _dE o
dr dr 5.3 F.ai=Fa 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

— — —

P, P,

PoV

12 2 B 2
C C C

Pl Pl

!

and =

= plii'=pi—py = J' =J - p¥

Spu=pu-pv=>J=J-p'v'.

6.1

6.2

MZ urZ B urZ
T
C C C

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

j/: j_p‘—; 6.1 j :jl_pl‘_i’l 6.2
J'x'= Jx—pv 6.3 Jx=Jx"+ ph' 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 j':p'ﬁ' 6.6
_ po 4 po
P e
u 6.7 u' 6.8
C C2
pr:p\/f 6.9 pzpr /Kr 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 +1 X E) and F' = q(E’ +1'% E’) in 5.1 and 5.2 we have

e B)= | ol i B)-olEvax B)a) |
)

o7
- —

and q(E+ Ux E):L{q(E'ﬂj'x ' —[q(a'+ﬁ'><é')ﬁ']v—2},that simplified become
c

JK'

(gwng):ﬁ(mxg)_(ﬁa)iz} and (EB)%[(EB)(E)_} from

where we get the invariance of E.ii =E'ii' between the observers as a consequence of 5.3 and the
following components of each axis
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E'x'+u'y'B'z'-u'z'B'y'= L{E)H uyBz—uzBy— EXL;)CV - Eyb;yv - EZL;ZV} 7.1
JK ¢ ¢ ¢
1
E'y+u'z’B'x'-u'x'B'z'=——=|Ey+uzBx—-uxBz 711
d |
1
E'z'+u'x’B'y'—u'y'B'x’:—K[Ez+uxBy—uyBx] 7.1.2
] E’ [ N N E’ r,, ! 5,7 EI [ N
Ex+uyBz—uzBy=——| E'x'+u'y'B'z'-u'z'B'y'+ ruxry pyuyv mzuzy 7.2
JK' c2 02 c2
1
Ey+uzBx—-uxBz=—|E'Y'+u'z'B'x'-u'x'B'z’ 7.2.1
T |
1
Ez+uxBy-uyBx=——|E'Z'+u'x'B'y'-u'y'B'x’ 7.2.2
3k |
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 vux E'x' viu'x'
E'x'=—|1-—— 7.3 Ex = 1+ 7.4
wlE) &)
Ey v’ vux)| VvBz E'y' vi? viu'x") v'B'z
Evy="l]l+—|——=17.31 Ey = J+—+ 7.4.1
\/E( < J JK g VK’ ( c’ c’ NI
2 [ 12 [ W 'R
Era- B2 1+ - B 732 | g EE R BY' 742
\/E c c K VK’ c c VK’
B'x'=Bx 7.5 Bx=B'x' 7.6
v !
B'y'= By+—Ez 754 | By=B'y'=—FE'Z 7.6.1
! V ! ! v, ’ !
B'z =Bz—c—2Ey 75.2 Bz=B'z +c—2E b% 7.6.2
E’ylz Ey\/E 77 Ey — E’yl }K! 78
E!Z!: EZ’\/E 7.7.1 EZ —_ EVZV ’KV 7.8.1
ux u'x'
By=—-—FEz 7.9 B'y'=——-E'Z’ 7.10
c c
ux u'x'
Bz=—FEy 7.9.1 B'z'=—F—FE"y' 7.10.1
c
Table 8, transformations of the electric fields E, E' and magnetic fields B e B
1 - _\Vv 1 - V'
E'x'=—| Ex—\E.u}— 7.11 Ex=——|E'x'+\E'u')|— 7.12
i e
1 1
E'y'=——=(Ey—vBz 7111 | Ey=—=(E'y'+V'B'Z’ 7.12.1
N T )
1 1
E7'=——(Ez+VvBy 7112 | Ez=——(E'z'-V'B"y’ 7.12.2
T 7! )
B'x'=Bx 713 | Bx=B'x' 714
B'y'= By 7431 | 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 B'=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

Bx=zero, By =——, Bz=—2y, 7.15
c c
: = 1. =

that are equivalentto B=—vVxFE . 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 I'= zero

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

-Radial electrical field of module E'=+E'y"”’+E'z"" = Zp—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:

-Linear density of the electric charge p = Lz (from 6.7 with u = v)
I-—
c
. R
-Electric current [ = pv = =
-
CZ
!
-Radial electrical field of module FE = — (according to the conjuncts 7.3 and 7.5 with
%
CZ
B'=zero = ii'=zero and ux = v )
, i vEz vEy
-Magnetic  field of  components  Bx = zero, By =——-, Bz=—; and  module
c c
vE v E’ % 1 P, u, 1 ) ) )
B=—=— =— = where U, = >, being in the vectorial form
¢ ¢ v ¢ v: 2me, R 2nR 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 = 1/y2 +z° because from the conjunct 7.4 and 7.6 E.B = 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' Ox ¢’ ot ' ox ox' ¢’ ot '

o 0 o 0

a—y,—a 8.1.1 E—G—y, 8.2.1
o 0 o 0

5_5 8.1.2 5_5 8.2.2
LLL;( ﬁ_gjg 3 |0 __ v o 1 (] v ﬂji o4
ot JK ox KU & t)ot ot JK' ox' K’ ¢t )or

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' o
=~ =0 and —+

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 T, o Y

- : = 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 er A "t A
%/j+);—§t2—v::0, a@yw' +ycft (?; =0 and Z—Z/+Zc—§l%—l/;:0, if’ +Zc§t (?; =0 8.7
From the transformations of space and time of the Undulatory Relativity we get to Jacob’s theorem

_vux I viu'x'
g G(x’,y’,z’,t’)_ c? and J'— A(x,y,z1t) B c? 8.8

oxyzt) VK o(x',y'z't) K
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

o o o 1Y
axIZ ayIZ 62!2 cZ atr2

= zero
where applying to the formulas of tables 9 and 1.13 we get
2
i+i2 2_|_ 82 + 82 _L v i+ 1 ]+ﬁ_m 2 = zero
ox ¢ ot oy’ oz’ ¢’ JK ox K ¢ ¢’ ot

from where we find
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o’ o’ o° 190 2vol 2o Hux o0 vol v ux o’
Kt K S+ K G-t ——+— —— t St e
ox oy 0z" ¢° Ot° c¢° oxot ¢' Oxot ¢’ oxot ctott " ot ¢’ ot

v:iaol v ol ot iux &7 ZVZi 2vux 00 2vux 07 viux? 87 v o7

- - + - + —+ —_———— ———=7zero
¢’ ox’ ¢’ oxot ' oxot ¢ oxor ¢! orf ¢t o’ ¢’ ot ¢’ ot ot

that simplifying supplies
0’ 0’ o’ 100 2ux &0 viol viol 2vux & viux® &7 _

Kot K ot K - s~ 55—t 55 7 =zer
Ox oy 0z= ¢ ot ¢’ ox0t c¢”ox” ¢ ot ¢’ ot ¢’ ot

where reordering the terms we find

K=—+K—+K——|1+—~— 8.9

0’ o’ 0’ [1 v’ ZVMxJLi_ﬁ(i 2ux 0’ Ei}zzero
o’ oy’ oz’ ¢ & )ctor’ cf\ox? ¢f oxor o

but from 8.5 and 1.13 we have
o o :( 0 _ux ajz 0’ dux & ux’ ¥’

=—+ +
ox’ ¢’ oxor ¢ o

- . . o> o’ o 10°
that applied in 8.9 supplies the wave equation to the observer O — + — +— ——— =zero. 8.10
ox* oy 0z ¢ ot

—+5—=0 — —— =zero
ox ¢ Ot ox c¢° 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
o v o 2+82 +82_1 v 0 N 1 1+v’2+v’u'x’ 0 — ero
ox' ¢’ ot oy’ oz ¢’ JK ox' K c’ ¢’ ot

from where we find
. 62 , 62 , 62 ] 62 ZV' 62 2v13 62 4V/2 u!xl 62 er 62 V/4 62
2+K 2+K 2 T2 A2 2 Y] - 4 t— =t 5 a7
ox' oy oz'" ¢ ot ¢ ox'ot’ ¢ ox'or c ox'ot' ¢* o' ¢ o
2 u'x' o7 _ﬁ o’ v o’ N v 8? 27u'x o7 2?07 Wu'x o

+— + - - -
cf ot ol ox? o ax'or ot ox'or c? ox'ot ¢t o’ ¢t o

K

B V!3 ulxr 62 B V/Z urx/2 62 B V/4 62 — sero
06 61"2 06 6t!2 06 at/2
that simplifying supplies
1% o’ K 0’ 1% 0’ 1 00 27u'x & viet w7 ot vux o Viux? o’ B
2t 2T 2 2 Ag2 4 f A 2 A2 4 Ag2 4 2 6 o — Zero
ox oy oz'" ¢ ot c ox'ot' ¢ ox ¢’ ot ¢’ ot c ot
where reordering the terms we find
62 82 82 V,Z 2v'u'x' ] 62 V,Z 82 2u'x' 82 uler 82
K’ 12 +K' ,2+K' 2 I+_2+ 2 "2 Ag2 2 SIS PSP 2 | T zero
Ox oy 0z c c c” ot ¢\ Ox ¢ ox'ot ¢’ ot

but from 8.5 and 1.18 we have
o X'/ d o wx' oY & 2ux & ux’ o’
t T LT =2t t—3 2
ox'" ¢ ot ox' c¢° ot ox' c 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

- op N oJx N aJy' 0Jz

o = o T Ty + Py = zero 8.11

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

2
Li+i 1+v_2_% 9 px/f+(i+%ij(Jx—pv)+M+%:zero
JK 0x JK ot ox ¢’ ot oy 0Oz

2
C C
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making the operations we find
2 2
v6p+6_p+v_6_p_vux6_p+6Jx+L8Jx_v8p_v_@_p+8Jy+6Jz

= zero
ox 0t ¢’ o0t ¢’ 0t 0Ox ¢ Ot ox ¢> ot 0y Oz
that simplifying supplies
op vux0dp OJx v oJx OJy 0Jz
————t——+— + + = zero
ot ¢ 0t Ox ¢ 0t 0y Oz
where applying Jx = pux with ux constant we get
@_@@+_6Jx+%a(pux)+6Jy+6JZ=Zem:>6_p+8Jx+8Jy+8JZzzem 8.12
ot ¢ 0t Ox ¢ Ot oy Oz ot 0Ox 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

i 2 [ ’ (3 r
[ v 0 ]’[1+v_2+vu2xj8]p,\/z+(a v aj(]’x'+p'\/')+a‘]y+a‘]z oo

—_ + U

JK'ox' K c c ot' ox' ¢’ ot oy’ oz’
making the operations we find

' ' ' 12 ' (W] ' W ' W ’ ' 12 ' (W] r
_V'op +6_p+v_28p +vu2x8p+6Jx_v_26Jx+v6p _v_26p+6Jy+8Jz

ox' ot ¢ ot ¢ ot o0x' ¢ ot ox" ¢ ot 0y oz’

= zero

that simplifying supplies
op'" Vvu'x'op' oJ'x" v oJx' oJy 0oJzZ
+ + -— + +

' 2 ' ’ 2 ' ’ ' = zero
ot c- Ot ox ¢ Ot oy oz
where applying J'x'= p'u'x" with u'x’ constant we get
a ’ r,,! /a ’ aJ! ’ la [ N aJ! ’ aJ! ! a ’ aJ! ’ aJ! ’ aJ! !
p+vu2x P, x—v—z (pux)+ Y O o= T I O L9V E  ero
ot' ¢ ot ox' ¢ ot' oy’ oz’ ot 0ox' oy’ oz’

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 OFEy OEz OE'x' OE'y' OFE'Z '
+ 2P 8.13 rLEY 2P 8.14
ox oy 0Oz g, Ox' oy’ oz g,
8Bx+6By+aBZ:0 815 GBx+6By+a Z 816
ox Oy Oz Oox' oy’ oz'
OEy OEx 0Bz OE'y' OE'xX' 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 OFz OB'y' OB'xX' OE'Z'
—— =W Jz+e,n,—— | 82 - =u,J' z'+e 1, 24
x oy " RoZar |38 | "o o ho a0 |8
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0Bz 0By _ Jrte OEx 8 25 oB'z' 0B'y' _ Jire OE'x' 826
Y e H, oMo or : o Py H, oMo o :
OBx OBz OEy OB'x' OB'Z OE'y'
T My te N, — | 827 - =p,J y'+e, 1, 8.28
oz _ax TRy o e MMy
Without electrical charge p = p'= zero and J=J'=zero
To the observer O To the observer O’
OEx OEy OEz OE'x' OFE'y' OFE'Z
+——+—=0 8.29 + + =0 8.30
ox Oy Oz ox’ oy’ oz'
6Bx+63y+8Bz=0 831 OB'x +6By +6Bz p 8 32
ox oy Oz ox' oy oz'
OFEy OEx 0Bz OE'y' OFE'xX OB’z
- == 8.33 - == 8.34
ox Oy 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' COE'z' _ 0By 8 38
0z  Ox Ot ' oz' ox' o' '
aBy_@_8 OEz 830 OB'y’ 0 'x'_S OE'Z' 8.40
o o My ' o o Mo '
OBz 0By . OEx 841 OB'z'" 0B')y e OE'x' 8 42
oy oz Py | o o P '
8Bx_%_8 " OEy 8 43 6B’x’_8B'z'_8 " OE' y' 8 44
oz ox " ot ' oz' ox’ o '
1
g1, = 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 !

Tl P 8.14
A A

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\ O | Ey v’ vux) VBz

—t ==l |t =t 7=t

ax c’ ot K c 8y_\/f c c JK
0| Ez v vux vBy_ px/E
+—|—=|1+—5— + =
oz| VK \/E_ g,

2

) 2
. . , v° OEx ]
making the products, summing and subtracting the term ———, we find

c c
¢’ ox

OEx v 0Ex wvux OEx v’ux 0Ex ©OEy v’ 0Ey vuxOEy vOBz
+——- — + e — +

2

ox ¢ ot ¢ ox ¢t ot oy oy ¢ oy oy
O0Ez v’ 0Ez vuxO0Ez vOBy v’ 0Ex v’ 0Ex pK
+ - + + —2 - —2 =

Oz c_zﬁz ¢’ oz 154 ¢’ Ox c¢° Ox £

o

that reordering results

v’ (OFEx ux OEx 0Bz OBy I OEx OEx OEy OEz vl ovux) pK
| —=+5—|-v - -= + + + I+———|="—
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 —
—v(qux) =—VU pux =— > gotten from 8.25 and 8.45 resulting in
g,C

o

2 2
(aEx+8Ey+aEzj(H_v__%j:ﬁ(]_i_v__vux)_ﬁvux_'_ﬁvux

ox oy Oz ¢’ g, ¢’ g, c
OEx N OEy N OFz _P
ox Oy 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!u/x!j—‘ri E!yl ]+ﬁ+vlu1xl +V’B’Z' .
ox' ¢’ ot |JK' c’ oV'| VK’ c’ c’ VK’
0 {E'z'(] v’ v’u'x'j_v’B'y'}_p'\/F

NI N =R BN
making the products, adding and subtracting the term c;j gc,x, , we get
OE'x'  v' OE'X N viu'x' 0E'X' vZu'x' OE'x' N OE'y' +ﬁ8E’y’ N viu'x' oE'y' N
ox' ¢’ ot ¢’ ox ¢t ot o' & oy o
N v'OB'z' N OE'Z' +ﬁ8E'Z' N viu'x' oE"z' B v'OB'y' +ﬁ8E'x' _ﬁ OE'x' _ p'K'
oy’ oz ¢’ o7 ¢ o oz' o & o g,

that reordering results in
v? (OE'X' u'x'OE'x' J(O0B'z" O0B'y' I OE'X
-—— +— +v — -— +
ox' ¢’ ot oy’ oz' ¢’ ot

aElxl aElyl a !Z!I er vlulxl le!
+ + + I+—+——F—|=

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

vlp!ufx! ) .
———— gotten from 8.26 and 8.45 resulting in
€ cC

o

6E’x’+8E'y'+8E’z’ 1+ﬁ+v’u'x’ :ﬂ 1+v’2 +v’u'x’ +£v’u’x’_i’v’u'x’
axr ayr 82' 2 2 € 2 2 2 2
p

c c Y c c g, ¢ g, ¢
OE''x' OE'y' OE'Z , , . .

+ + =— that is the Law of Gauss in the differential form to the O’
ox' oy’ oz e

2
C

V!(MUJ!x/) — V'MUP'M'X'Z

!

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
M:7= 1 P 1.15
|V'| t v 2v'u'x!
H:?= 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(l—zj 9.1 z:z'(1+1j 9.2
C C

% V'

Vi=—o— 9.3 V="T—"-x
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

271R
cty +vt, =2nR =t = 9.5
c+v
271R
ct' AV, =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 vt,. = v’t’w of the observer O, then following the equations
1,2,3 and 4 above we have:

2nR
Clye =2TR+Vt,. =1, = 9.7

c—V

271R
ctyy=2nR=>1t, . =—— 9.8
c
The time difference to the observer O is:
2R 2nR 4nRv

At=t,. —t.= - = 9.9

c—-v c+v ¢’ =y’

The time difference to the observer O’ is:

., , 2nmR  2mR 4RV
At'=t,.—t'. = -~ = 9.10
¢ 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 and A = * , 2.21
v Qvux V2 2vu' X
It y=y L S L
c c c c

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

7J=L and 7L=L 10.1

- )

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 A .. 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:

Ay Mo
(=) ()
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 A/, 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 A , according to the formulas:
A, Ar

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

Ap= and A, = 10.2

Ap= and A, = 10.3

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

! r— ! 2
T Mpth, g +NF(1—X) Motk Ay 1+(1_1j
2 2(1—") c 2 2(1—V) ¢
c C

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

_ by 2
AN=A—L, :—F[H(l—zj }xF
2(1—V) ¢

C
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— 2
A= 1 Prv 10.4

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

12 2
For u'x'=—V' we will have ux=zero and ,/]—v—z,/]wtv—z =] with this we can write the relation between
c c

the transversal frequency y =y, and the source frequency )'=)",. like this

V'
2
1+Y
c

y, = 10.5

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

,
M=y 1+ 10.6

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, =h, =N =0\"s /1+z—2—wF =wF( /1+z—2—1j;wp (1+2V7—1j;71°z—2 10.7

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

Applying 10.7 in 10.4 we have
— AL
A= :

(-]

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
: Y A
And from this we have the formula of speed —=1— T 10.10
c D

My ==k N, 10.11

Applying 10.10 and 10.11 in 10.6 we have

2
A=A N, \/1{1— ;:—Aj 10.12

D
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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:

Frir— Fu—vFx
vux
) s
=)
111

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

oy dpx _dmux) _dm | dux 12
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

x dx ] ] dux dm
— = — =ux = constant, demonstrating that in two —— = zero and Fx=—ux 11.3
t dt dt dt
_ , dm 1 dE
The formula of energy is £ = mc” from where we have — = —27 11.4
c t
- dE - o - ux
From the definition of energy we have 7 = F.u that applying in 4 and 3 we have Fx = F.u—z 11.5
t c

Applying 5 in 1 we heve:

 Fa-(Fa)™
F'ai'= €
Vux
) Bt
- E’ E
From where we find that F'u'= F.u or d :d— 11.6
dtf’ 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:

x _dx y dy z dz _

— =UX,—=—"—=Uuy,—=—=1Uz 1.13
t dt t dt t dt

x"dx' "ody Z' dZ

—= :u'x',L:lzu’y’,—: =u'z' 1.18
¢ dr ' dt ' dr

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=AxX+Bt 12.1
t = EX'+FY 12.2

With the respective inverted equations:

!

X = X+ t 12.3
AF — BE AF — BE

. -E A

= X+ t 12.4
AF-BE  AF-BE

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=Frt 12.7
With the respective corrected inverted equations:
, X Bt
X=——— 12.8
A AF
,
'=— 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

—=——= orzzv' 12.11

t 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? =t =x7 =t 1.6
Applying 12.6 and 12.7 in 1.6 we have:
(Ax'+Bt') —c’F?t7 = x'* —c’t"”

From where we have:
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2 2

2 '
(Azx,z)_czt,z {FZ B 2A§X } LRI
C C

B° 2A4Bx’'
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®  2ABxX' B° 2Bx
AppllyingA=1in | F* ———=—— =1 we have F’ =]+—+— 12.12
c c’t c c’t
. . B B ,
Appllying A =1in 12.11 we have ZZTZBZV 12.11

That applied in 12.12 suplies:

12 "o
/ v 2V'x

F= ]+—2+7:F()€’,t') 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:

From where we have:

2 2
2 2,2 X I B 2Bx
X' —ct = —F|-ct|—— +
(#j {W 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? A'C’F°  A°C°Ft
have the equality between both sides of the equal signal of the equation.

: |1 B’ 2Bx
ApplyingA=1and 12.10in | — =] we have:

- +
F? A’¢’F?  A’C’Ft
R S
v 2wx
TR
cz czt

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

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
vi o 2w 1

K=l+—-"F>=>F=—\2 12.15

¢’ 't \/f

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'

2, = 2
c't v Qvx
o2

12.16

Thus:

2 12 r
\/]+V_2_2_\2/x_\/]+v_2+2\/2x —lorK-JK =1 1217
ZJ

c c't c c
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=Ft 12.7

With the respective inverted corrected equations:

X'=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
, v:oo2v'x
t=t'\[1+—5+—; 12.7
c c’t

With the respective inverted final equations:

xX'=x—-vt 12.8

=t +———— 12.9

vi o 2wx
¢’ 't

That are exactly the equations of the table |

B , . , 4 /
As v= F and V'= B then the relations between vand v’ are v = F or Vi=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:

2 [ 2 —
Fe /]+v_2+2v2x _ ]+(sz) +2va vt)
c c't' c

t
c’
F

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

c c’t c c’t c
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2 212 202 2
2vxF _vlj 3F2+VI; _2vx2F S Fo 1

F?=1+=—
c’t c c c’t v 2wvx
=

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
\/]"'2_2 1+LL _72V(X+Vt) \/1—" 2p2 2ap2 212
co ct A\F > FFt c’F° c¢tF° c°F
1 3 v’ 2v' X! Vi VX
F= S>Fll-—S—-——F5|=1=>F=|l+—5+——
V72 'y 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
dF = —dx'+—dt’'
ox' ot'
as:
or 1 and or 1 Vv X 12.19
ox' K o K St '
we have:
1 v 1 Vv X
dF = 5—dx'— S——dt’
JK' et JK ¢ttt
where applying 1.18 we find:
1 Vv 1 Vv dx
dF = > dx'— > —dt'=o0 12.20
JK' ¢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
dFf =—dx+—dt
ox ot
as:
oF 1 v oF 1 v x
_=_3_2 and —:——3—2— 12.21
ox 2t ot ettt
K? K?
we have:
1 v 1 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.

X—x 1.2 y=X=x 14

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, 24, t1) to the
distance ct, of the origin of the observer O, then we have:

2 2wx
t'=t, |[1+¥5-—

¢ cy

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, X 2 2vx 2 Jvx 2
l=@=wc:>—’=—2=ux:>\/1+"———’=\/1+"———2= 1+Y - 2vux
2

t dt t 't <

and with this we get:

2 2wx ?
t,=t, [1+¥ -2 =t, /1+ ZV“X
c c't,
2vx 2 2v(x, +x
1+t =t, 1+ ! +——2V”x =(t,+1,) 1+ 2”"“ =(t, +t, \/1+—2——2( 1¥%,)
c’(t,+t,)

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 0, X

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

1
P

Osto O=0' isequalto O=0' to 0’y (0, <>0',=vt,=V't’))

O,t0 Ojisequalto O'1to O, (O, <> O, =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 O4 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_y
0y = Ux—v —u'x _ c_c¢ = cos'= cos¢—v/c
2 2 2
v 2w e v 2vu \/]+VZ—2V00S¢
c c c c ¢
cosd—v/c
cosg=E059=v/¢ 12.23
VK
sen
And with this we have: send’= o 12.24
VK
u’x’+L
u'x'+v' ux c ¢ cos¢'+v'/c
ux= =>=== =cosdp=
2 I 12 [P 2 ’
\/1+"2+2”2‘x ¢ \/1+"2+2”;x \/1+"2+2"cos¢'
c c c c c c
cos¢p'+v'/c
cosg= 05V /¢ 12.25
[KV
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send’
12.26
/K!

The cosine of the angle y with intersection of rays equal to:

And with this we have sen¢=

j-vex g vux’ 1-Ycosd 1+V—,c0s¢'
cosy = c’ _ c __c =€ 12.27
JK JK’ JK JK'

ysend ' send’

= 12.28
cJK ¢ JK'

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

And with this we have: seny =

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

2 12 r
VK =1 +v_2_2_\2/x and vK'=_|1+ vZ + 2‘}2{ are considered variables and are derived.
c c't c c

1 00 -V
i ' i 0 10 0 =
cos\l}:J:axj:a(x,y,Z)t): 0 01 0 = ¢ t: ¢ 88
«/E «/Ek ¢’ c’t
1 00 V' (W [
VX vux
_axt _ Olxyzt) 0 10 0 1+czt’ I c’
cosy=J'=""r = 0 01 0 = = : 8.8
Ox a(x Yz ’t) V,/CZ 00 1 (]_'_V’Z +v'x'j VK VK
| VK’ VKU

§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:

P03

2
C

m=

where m, is the mass of the sphere when in resting position and u = |L7| =+/uu 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 S’y Esphere S’
M,X’IZV' urxzr:_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'+y _ 2
1 - - - -
12 Vu'x! 12 () 12
\/1+V n 1 1+V2 +2V2V 1+3V2
c’ c’ c c c

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

! ! !

V= % _ v _ %
12 2v'u'x' 12 14,/ 12
L I ]+v2+2v2v ]+3v2
¢’ c’ c c c

That applied in ux, supplies:

v!
ux; =2 —=———=|=2v

3
I+
c

The velocity ux, of the sphere S, is equal to:

u'x',+v' vy
ux, = = 2 S ,ZV +2Vv’(—v’) =zero

\/1+V2 +502 \/1+V2 +E

c c c c
Table 2
Sphere S; Sphere S,

!
MXI :2—‘}3,:2\/

v ux, =zero

[1+ 5

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, )w

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

masses united (m=m1 +m,) 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

mj:\/Im(U”f:\/l(;fé)z_\/l(sz)z \/1—4;

U=ux, =zero

m() m() m()
m2 = > = 5 = > :m()
J]_w) \/1_@%) J,_<zem>
o2 2 c?
To the right side of the equal sign in the equation we have:
u=w
m() m() m()
;= 7 7 2
\/l_w) Jl_w -
2 2 Is3
c c

N aaz

Applying in the equation of conservation of momenta we have:

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

m m m
— 0w+ L —w
2 2 2
4’ ll_w’ [l_w’
2 2 2
C C C

From where we have:

2v+m,.0=

2myv _ 2myw v W
2 2 2 2
\/1—43 \/1—W2 \/1—4"2 \/]—WZ
c c c c
w:%
3v
J
CZ

As w#v for the observer O the masses united (m:mj +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, +mux,=(m, +m, )w=m,w+m,w
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o=
12 Tz
(1+3§)1—12 e ¢

¢ ¢ (1+3‘2’j

c

2m, _ 2myw

3V _ 4 w
1+ 1—""
\/ < \/ c?
2m, 2myw

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

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:

y'—_X—vt y=_XHvt’
;v | 144a 2 | 143a

c’ c’
y'=y 14.1b y=y' 14.3b
z'=z 14.1c z=z' 14.3c

X vx'

s i
1'= = 142 | 1 - 14.4

1-Y 1-Y

2 2

c c

From them we obtain the equations of velocity transformation:

P UX—V u'x'+v
ux=———— Ux=——"-——-"
]_vux 14.5a ]+vu'x' 14.6a
2
C
2
v
Wat=7 \/ 7
u'y'= ¢ 14.5b — ¢ | 146b
Ji yux vux
2
C
N /—
uz ]—7 7
u'z'= < 14.5¢ —— | 14ke
Ji yux
c2 c2

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

u'x'=1,5.10"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:

[ 5 5
wx'sv 1900 110" 5 4 105/ s(=0,80c).
Jevux 15.10°.1,5.10
2 +

¢ (3.0.10°)

ux =

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 (t:I,OOS) we can
then with 14.2 calculate the time passed to the observer O’

5 5
=Y I(J_vwc) 1,00(1_1,5.10 .2,4.10}
: _ 060

2
poc N ) Bo.10°) = 1'=0,6935
2 2 2 A/ ' .
\/1—V2 \/1—"2 ,_(15.10°) 07
C C

2
(3.0.10°)
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 _

NO75

To the distance of the object (d,,, d', ) 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".100=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=2,4.10°-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 ¢'=¢ /]—V—2 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:

l(]—vcoscl)) l'(1+vcos¢’)
r=——rE—t | 142 | 1=——E——| 144
1-Y =Y
2 2
c c
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Where cos¢p=-> and cosd'=>-
ct

The equations above can be written as:
=f(t.9) e t=/"(¢.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 #'= f(¢,§) 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 ' and t between two different referentials, and this analysis is also valid for = f"(¢',¢').

Dividing 14.5a by ¢ we have:

rar v COS(I)—K
R — <. 14.8
vux y
¢ 1--5 1—*cosd
c c
! [
Where cosp=>=X and cos'=2- =1L
ct ¢ ct' ¢
Isolating the velocity we have:
cos@—cos¢’ ux —u'x'
v_ (cosd ¢? or v=——mm77 14.9
¢ (I-coscosd’) |’
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
¥ (010 O y
Z( 0 0 1 O z 151
] |000VK | ¢
That written in the form below represents the same coordinate transformations
x' 100-v/c| x
¥y (010 O y
Z' - O 0 1 O z 152
c'| 1000 VK |t
We call as
x' X! 100-v/c X x!
) 1 ’2 . 2
x'=x'"= Jz/' = x’3 , o= = 8(1)(1) 8 , x=x'= Y= *, 15.3
X z X
ct' cx’4 000 \/E ct cx



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”:Zaﬁx] =x" zotl.jx’ 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
z|]001 0 |z 15.6
t] looovK |
That written in the form below represents the same coordinate transformations:
x 100v/c| x'
y| 010 O |
Z - 001 0 Z' 157
ct| [000VK || et
That we call as:
X x! 100V /c x' X
2 ! 12
x=xt=| V1= X | a=a={0] o |- =2 15.8
X z X
ct cx4 000 \/E ct' cx’4
: k — k(" ) — vE ('] 112 13 U\ vk [+' 1, 5" g
That are the functions x* =x (x )—x (x ,X°,x7,cx )—x (x ,y,z,ct) 15.9
That in the symbolic form is written:
4
x=a'.x' orin the indexed form x* :ZOL'H X' =xt =, x" 15.10
1=1
2 1 12 r 1
Being VK =, [1+- 2% (1.7), VK = 1+ +2/X_ (1.8) and VK AK'=1 (1.10).
c” c’x c X
The transformation matrices o = ¢, and a'=a',, have the properties:
4 100—v/c|100v/c| [1000
. . , 010 0 010 O | |0100]| , i
a.o —aijakl—Zaijaﬂ— 001 0 loo1l o 0010 =1=0; 15.11
/= 000 VK J000vK'| {0001
4 1 000 1 00 0 1000
Lot . , | 0 100 0 10 0 | |0100|_ ,
aa —aﬁa,k—Zaﬁaik— 0 01 0 0 01 0 _0010_1_51( 15.12
=l —v/c00K | v/c00NK'| 0001

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

O is the Kronecker’s delta.

0v/c||[100—-v/c 1000

00 010 0 | |0100]| , <

10 [001 0 [Tloo1o|=/=% 15.13
0

JK'l000 VK | 0001

10

/ , , 01
a.a:ak,aij:zak,aljz 00
= 00
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1
4 0 )
0 =1=5 15.14

t _t
a'a' =aya;=) ayay=
k=1 '
. . t . .
Where a" =a', is the transposed matrix of a'=¢a',, and a' = 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: a 'y
and a; #a'y .

Vi
The partial derivatives gx—/ of the total differential dx" gx] dx’ of the coordinate components that
: X

correlate according to x'i:x'i(xf), where in the transformation matrix a=ao; the radical VK is

considered constant and equal to:

Table 10, partial derivatives of the coordinate components:

o' _oax" _ o, | _g |, |y
ox’  ox’ ox' ox’ o’ oxt ¢
8x’f' _ ax'% _ ox'? -0 ox'? _7 ox'’ _0 ox'? -0
ox’  ox’ ox’ ox’ o’ ox?

ax’f _ ax'? _ ox'’ —0 ox'’ —0 ox"? _7 ox"’ —0
ox’  ox’ ox! ox’ ox’ ox’

ox’  ox’ Ox ox’ ox’ ox

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

dx'" 100—v/c| dx'
dx'"? _ 010 O dx?
cdx | 1000 \/E cdx’

That we call as:

dx"! ; 100—v/c dx!
2 . ' : 2
dv=de'=| W1 4=t =C 000 0 |, dv=ar =] 15.16
ox’/
cdx'* x/ 000 vK cdx?
1 j Vo ax /
Then we have dx'= Adx = dx —ZA dx’ =dx =T = _dx 15.17

Jj=1

The partial derivatives % of the total differential dx* gxz dx'"" of the coordinate components that
X

correlate according to xkzx"(x"), where in the transformation matrix a'=a',, the radical VvK'is

considered constant and equal to:
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Table 11 partial derivatives of the coordinate components:

oxt ox! ax’_1 ox' 0 ox’ 0 ox' _v'

Y A '’ | o e
ot ox? | ax? ox? | ox? ox’

[ / 1 =0 2 =1 3 =0 4
ox"  ox' ox' ox' ox' ox'

oxt ox’ ox’ —0 ox’ —0 ox’ _ ox’

o 2 e 12 3 4
ox""  ox ox ox ox ox

oxt _oxt _ joxt_y | ox! 0 8x4_0 8x4_\/F

ax/l - ax/l | ot aer axd - ox' N

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

dx! 100v/c]| dx"
dxz _ 010 O dx’z
o [Flool o e 15.18
cdx* | |000VK' | cdx'®

dx! ok 100V /¢ dx"
_ k _ dx r_ Ik_ X _ 010 O r_ 1l dxlz
dx=dx" = dx3 y A —Al —y— 001 O y dx'=dx'" = dx’3 15.19
cdx* 000vK" cdx'*
N Ox*
Then we have: dx=A'dx'= dx* =ZA'5‘ dx" = dx* =Fdx” 15.20
=1 X

The Jacobians of the transformations 15.15 and 15.18 are:

100-v/c

ox' ol Xt x x) 1010 0
J=axf=lazmy)=0°l o [~ .

ot 000 VK

. (1 ) s 100V /¢
,ax_ﬁx,x,x,x :010 0 :\/F 15.22

' ol 2 0 001 O

T T ooo VK|

2 1 2 10l
Where VK = [1+X 2" (0 5) K= [1+2 424X (5 6) and VK AK'=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 a and '.

From the function ¢=¢(x")=¢'=¢'[x" (x )] where the coordinates correlate in the form x* =x* (x'l) we

0 _ 0p ox*

o _6 o 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'
o¢' _ 09 oxk _ 09 oxt . 0P ox2 , 0P Ox3 n 0P x4
ox'®  Ox* ox'* oOx!'ox" oOx2ox'3 oOx3ox'3 oOx* ox"
0¢ _ 0p oxk _ 09 ox n 0¢ ox> n 0¢ ox3 09" ox+
ox'%  Oxk ox'* oOx!'ox' Ox2 ox'™ oOx3 ox't Ox4 ox'

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

i:] 6x1:06x1 061 v
ox'! o’ !
) %:0 ox? —] ox? -0 ox? —0
o | 0 8 o8 o || o o o o |ox! ax? o’ !
ax'! _[ax’l ox'? ox'? ox'? }{&CI ax? o’ ax? i ﬁ:o o’ — o’ =] o’ =0
ox'! ox'? ox'3 ox'?
6x4 v 6x4 ox? -0 ox? __ 1 (], V2 ,v'u'x’lJ
acl 2@ a? o’ ot x/Fk 'cz ' o2 ]
Where replacing the items below:
ot v v
ox'! czx/F_cz
6x1

o
1,

ot , v’2 v’u’x’l] ot 1 ( , v2 vule
6x’4 \/ k c oxt x/_k cr 2
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_
ax'! ox'? ox'3 ox'? \/E
. ox’ -0 ox’ _; ox’ ox’ -0
o | o o o o ||o o o o |t a? ad a?
'l Loax'! ax'? ax'? ax'? ax! ox? ox’® ox? ] ox’ -0 o’ =0 o’ .y o’ =0
ax'! ox'? ox'3 ox'?
ox? _v ox? —0 ox? ox? __1 (]. V2 vule
ol o? ax? ox'3 ox'? \/Ek el

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

94" _ 99" ox'"

o Ox" O described as:
X X

have
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of _ 04 ax _Of oxt, 08 on OF oxs | OF o
ox!  oOx' ox!' Ox'l Ox! Ox'? ox!' Ox" ox!  Ox'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
0¢' _0¢' ox'i _ 09" ox"t | 04" ox" N 09" ox'3 N 09" ox'+
ox3 Ox'""ox3 oOx"ox® oOx' ox3 oOx" ox3 Ox'4 oOx?3
0¢' _0¢' ox'i _ 04" ox" | 09" ox" N 0¢' ox'3 | OF' ox'+
Ox* Ox' Ox* oOx" Ox* oOx'2 Ox4 Ox'" ox* Ox'* ox*

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

£:1 ox'! _ ox'! _ ax'! -
ox! ox? ox’ ox?
. o'l —0 o'l _] o'l —0 o'l -0
5¢':[ o 0 o @ }{ o 0 0 o |a ol !
o/ | ax! ax? ax® ox? ox'! ox'? ax'? ax'? i £:0 '’ — o'’ =] ox? =0
ox! ox’ ox’ ox?
ox' __ =V ox'? —0 ox' —0 ox'? __1 (]I V2 vule
ax! 2K ax? ox’ ox? «/Ek ¢l &l ]
Where replacing the items below:
o
ot x/F
ox'! czx/f c?
6 an ( vuxlj oxt 1 (1 v2 v’u'x’lJ
k c? o't x/Fk c?

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 Y 0 0 _ 0 v 0

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

ox'2 Ox2 811 | ox2 ox2 8.2.1
0 _ 0 0 _ 0

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

cox' cox*4 8.3B | cox* \/_cax“l 8.4B
0 ,ux! 0 _ 0 ,ux't 0 _
%ch_Zax_“_ng 8.5 ot T o2 o =zero | 8.5

The table 9B, in the matrix form becomes:

15.23

1
[aaa-a}{aaa-a?o
ox't ox'? ox'® cox'* ox' ox? ox® cox* | 0

15.24

1
{a&a—a}[aaa—a'o
= 0

ox! ox? ox® cox? B ox' ax'? ox'? 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
d¢(xk ):a_(idxk :6_¢1dx1 +6_¢2a’x2 +6_¢3dx3 +6_¢;a’x4 :[6_¢16_¢26_¢; 6¢4 } dx3 15.25
Oox 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 O 100v/c| dx"
12
dp=2b g [0 0 0 2 ] 0 100 J010 0 | g 15.26
6xk axll 6x12 6x¢3 Caxl4 0 01 0 001 O dx
—v'/c00K' | 000 VK" | cdx*
The multiplication of the middle matrices supplies:
1 00 0 J100v/e] | L 00 /e
0 10 0 Joto o || ¢ of g 15.27
0 01 0 (001 O | v dy! )
/e 00K [ 000K | |=v/e001+7
Cc ax
Result that can be divided in two matrices:
1 00 /e 0 00 V/c
0 10 0 (1)(1)88 0 00 0
0 01 0 = + 0 00 O 15.28
zvrdxrl 0 0 1 0 2vrdxrl
—v'/c 001+ EywE 0001 —'/¢c00 EywE
X X
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That applied to the total differential supplies:

0 00 Vv/c

1000 dx"
0 00 0 i
T 0001 | |—v/e00 2V E | e

Cder4

Executing the operations of the second term we have:

0 00 V/e "
0 00 0 |«
a 8 8 8 0 00 0 der __L’ a d ,1+ a d ,4 2V dx 8 d 14
1A g2 A3 14 o | dx? T 2 At VT e
ox"" Ox'” ox'” cox ' dx . c”ox ox'! c? dx'* ox

Where applying 8.5 we have:

Vv 0 g Ldxt 0 Y 2vdt 8
c?ox'* e c? dx'4 ox' 4' c? dx'* ox'* dx't=zero

Then we have:

0 00 V/c

dxrl
0 00 0 ,

{5’1 00 5,4} 0 00 0 zx,i = zero 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:

o6 1000 dx’; o0
k_| 0 0 0 0 (0100 dx* |_09" ; . '
=™ {Gx’l ox' ox" cax"‘} 0010 gy [T =4 1531
0001 | can'*
In the observer O’ referential the total differential of a function ¢(x”) is equal to:
dxrl
. ’ ’ ’ ' ' ’ 2
d¢’(x”)=a—¢_dx”= a¢ d !1_,’_ a¢2 d !2+ a¢ d 3 a¢4 dxr4 =|: a¢1 a¢2 a¢3 a¢4:| dX,3 1532
ox"' ox'! Ox' ox"” Gx’ Ox"" Ox'* ox'” cox’ Cflx 4
cax

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

1 00 0 J100-v/c]| ax'

aw,[aaaa 0100 0100 dx>
dp/=—"dx" =| ——— 3 15.33

axrz axl ax2 ax3 cax4:| O 01 0 001 dx

v/c00NJK||000 J cdx’

100 0 T100-v/c] | L 00 —v/e
0100 fo10 o | |59 O 554
001 0 o001 0 |7 N :
v/c00K [000 VK | |v/c001- rat

Cc 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
0 01 0 = + 0 00 O
2vdx! 0010 2vdx!
v/c001- — 0001 v/c00— —
dx dx

, 1000 8 88 _VO/C dx!
ap=20awi=| 202 0 JI0L00L 0 00 0 | 4
ox"! ox' ox* ox® cox 2vdx' || 9
0001 V/COO— > . 4 cdx4
cdx
Executing the operations of the second term we have:
0 00 —v/c !
0 0.0 51000 0 }o5l L0 0 .4 vdx 8
{——— } 000 O P B LA R iy oy
ox' ox? ox? cox* 2vdx' || 94X ¢’ ox* o' c? dx* ox*
v/c00-— >, 4 cdx4
c dx
Where applying 8.5 we have:
1 1
v 0 ga_ [ ldxt 0 )y 2vdx' O g4_ ..

c? ox#4 \ 2 dx# ox# c? dx* ox*
Then we have:

0 00 —v/c

dx'!
000 O )
{iii 0 } 000 O dx3 =zero
ox' ox? ax? cox? vdx! || 4%
V/COO—Czdx4 Cdx4

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

o6 1000 dx; 5

i 0 0 0 0 |0100] dx j

d¢'=——dx'"' = =—2dx’ =d

¢ ox" * [6x1 ox* ox® c@x“} 0010 gy’ ox’ * ¢
0001 | carx?

Invariance of the Wave Equation

The wave equation to the observer O is equal to:

VgL o _o¢>  0¢° . 0¢° 1 94’ _[6 0 0 5}
ox' ax? ox® cox?

D o} ol o} ok}

coco~—
co~o
o—~oco
lLooco
o)
B
[
|
o
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Where applying 15.24 and the transposed from 15.24 we have:

04> 010 0 c || 32
Cole ] Lavtartarteanrt v oo 009 ) 001 0| G
c 000VK'] &
| cOx
The multiplication of the three middle matrices supplies
_v’
(1)(1’88 1000100; boo =
0,01 0 15570010 0 1= § oY
- 1
—_ K’ _1 ' _ (]
200K [000-1] 55 =001 2vi'x
Result that can be divided in two matrices:
_vl _v!
Loo == 10007 %% —
010 0 10100 + 000 0
001 0 1_0010 000 01
-V =2V'u'x’ 000-1 -V —2v'u'x'
- _zevux
- 00 g . 00 p
That applied in the wave equation supplies
1.0
o /1
10007200 Tv 835
Vz¢1a¢2_aaaa 0100|000 0 ox’?
cza(x“)z_ o' ox'? o' cox'* ||| 001 0 000 0 o 0
000-1 100—2\/ o'’
¢ c? | 0
L cox™ |

0
1 ==
000 Y~ 5
C
[aaaa}oooo w2 |__ v 9 o v o @
axll ax12 8)6'3 Caxr4 O 00 O i 02 ax’l ax’4 02 ax’l ax’4 02 CZ 8(x14)2
Vol | 5y
c c? 0
cox'* |

Executing the operations we have:

2V 0 0 Wu'x" 02

ez ax'tox't ¢ ¢ p(x4)

Where applying 8.5 we have:
ZV{ 'x'! 0 \8 W'u'x't 02

c2\ 2 o4 lox’t 2 2 8(}6'4)2

=zero
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Then we have:

I Sl
000 - P
0 0 0 0 000 0 o' |
axrl ax12 8)6’3 c@x’4 000 0 . i —zero
Voo —2VL21 X o'’
c c i o
L eox'*

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

o'
i 10007 _0_ R
vig L 00 :[a o o o }0100 o |y L 09"
C2 a(x4)2 8)6’1 ax12 8X’3 Caxrét 88(1)_01 % C2 8(x/4 )2
J ox
0
L cox'

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

SO O

veg og° _o¢° og’  og’ 1 og” =[ o 0 0 0 }
Cz@(x'4)z 6(x'1)2|6(x’2)zla(x’3)2 c’ 6(x'4)2 ox't ox'? ox’® cox'?

SO O —
SO~ O
O~ OO
L

Where applying 15.23 and the transposed from 15.23 we have:

o]

ox'

2 1000 Trooaron 2 | €
e b
c 5(x,4)2 Ox' Ox” Ox” cox 00K [ 000-1 001 0 | S

- - 3

c 000K | o

| cox*

100 0 100 X 100 =
010 0 (1)(1)88 c|lo1o 0
001 0 007010100 =007 o
Yook |000-1]00L O || Qv
c 000VK | | 2001+
C

Result that can be divided in two matrices:

v v
100 p 1000 000 p
010 0 10100 +000 0
001 0 10010 000 01
Y00-1 2w;x 000-1 XOO2VL;x
c c c
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That applied in the wave equation supplies:

v

, 10007 |°°% ¢

vig_L o7 {a o 0 5}0100+ooo 0
czé(x“‘>2 ox' ox? o’ cox? 88(1)_01 000 2

[N}

c

Executing the operations of the second term we have:

1

KOOva o
c

0

v ] ax!

O
[iiia}oooo at|_v o 0 vo o 2vux' &
ox' ox? ox’® cox* || 000 01 0| o't Cax'axt P 8(x4)2

KOOZvux o

T

Lox* |

Executing the operations we have:

2v 0 0 ,2vux! 02

c2ox! dxt ¢ 2 8(x4)2

Where applying 8.5 we have:

2v{—ux1 0 \8 I2vwc1 02
2\ ¢2 oxtloxt 2 ¢ A(x*)?

=zero

Then we have:

0

7 1

000 Y [

c o
6.0 0 2 oo 0 & |

ox' ax? ox’ cox* | 000 01 i—zero

Kmﬁ%& ox?

¢ o

ox*t |

V2¢r 1 a¢,2 |: 8 8 a 8 :|

- ox' ax? ax® cox?

AT

coco~
co~o
o—~oo
ILooo
P |0
w [

Invariance of the equations 8.5 of linear propagation

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

o wx' 0 _ 0 v o  1Wx) = o

V24
o [V

Ox! 2 Ox* ax'' c2ox't 2 JK' ox'4

1 0¢°

AT

=zero
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Executing the operations we have:

O jux'! 0 _ 0 Vv 0  ux" 0 VvV 0
ox! c? ox* ox"' crox't ¢ ox'* c?ox'4
That simplified supplies the invariance of the equation 8.5:

=zZero

0 ,ux' 0 _ 0 ,ux"' 0
T _— T
ox! c¢? ox* ox'' c¢? ox'4

=zero

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

o ux' 8 _ 8 .v o 1) =3
= = = K———=
ox'' ' c? ox"t oOx' c2ox* ¢ JK \/_ax“ zero

Executing the operations we have:

0O ux'" 0 _0 ,v 0 ,ux* 0 v 0O

T = T T =Zero
ox'' ¢ ox'+ oOx! c?2ox* c? Ox* c?oxt

That simplified supplies the invariance of the equation 8.5:

0 ,ux'' 0 _ 0 ,ux! O

T = T =Zero
ox'' ¢? ox't ox! c¢? ox*

The table 4 in a matrix from becomes:

px 100—-v/c] px'
px’2 _ 010 O pr
3171001 0 3
px px
E'/c 000 \/E E/c
px' | T1o0v/c] px"
px°|_ 010 O px’z
307001 O '3
px || px
| E/c 000\/? E'/c

The table 6 in a matrix form becomes:

[y 100—v/c|| Jx'
J'x*| (010 O Jx?
J'x* 71001 0 Il

o’ | 1000 VK | cp

Invariance of the Continuity Equation

The continuity equation to the observer O is equal to:

Jx!
op o' ok’ aJx’ Op _[ o 0 0 0 } Jx?

§.j+_ T T T —_ T T
ot ' o A axt | ox' ox? ox® caxt | X
cp

=zero
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Where replacing 15.24 and 15.56 we have:

1 00 0 J100v/c|Jx"
o J ap{a o 0 a} 0 10 0 0100 I’y
: o 01 0
c00

} = =zero
6x4 axll 6x12 6x¢3 cax/4 001 J’ 13

JK' 000\/?

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

1000 8 88 Véc I
§.J+a—p=[a 0 0 9 } 010011 o g0 o ||/
axt Lax" ox'? ax' coxt || 0010 ' | x
0001] [—v/c00=— 1 cpf
C
Executing the operations of the second term we have:
0 00 Vv/c Jry!
O OO 0 2 12 1 ’ ' 1ol !
{a o 0 a} 0 00 o |J¥|__vaen Vo' wu'x" dp
ox' ax'? ox" cox' 2 x" J'x" ¢t o't ox! ¢t

-'/c00 '
2 cp

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

Viu'x't 0p' ( u'x't o ),0" 2'u'x"t 9p'

c? ox'4 .v\ cz a4’ ez ox' —zero
Then we have:
0 00 Vv/ce Jry!
0 00 0 e
{aaa 6}000 0 |77 | 2zero
ox" ax'? ox"? cox'? 't || X
V/e00— 2 cp

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

A 1000 J'x'; ]

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

V.J+—= =V.J

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

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

J'x’l
Carx st Akt o :[ 0 8 & 0 }J’x’z
o o ax”® ax Lax ax' ox” cox | J'x”

=zero

Where replacing 15.23 and 15.55 we have:

00 T100-v/c| s
00 (010 0 |2
10
0

001 0 | p3 |7%¢°

1
B e I
/c00K 000 VK | ¢p

0
1
0
v/c0
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The product of the transformation matrices is given in 15.34 and 15.35 then we have:

’ 1000 8 88 _VO/C Jx!
ﬁjuraiz[iii 0 } 010011 9 00 o Jx3
ox't Lox' ox? ax® cox? 80 10 x| || Jx

001 V/COO—C—2 cp

Executing the operations of the second term we have:

0 00 —v/c |

000 0 |X 1 1
{iii 0 } 0 00 O Jx*|_ v o' _vop 2vux' Op
ox' ox* ox® cox? v || e?axt ax' ¢ axt

v/c00-— > cp
c

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

vux! Op v( ux! 0 ) 2vux! 0P —ero

c? ox* \ 2 x4 c? Oox*

Then we have:

0 00 —v/c I
000 0 x

} 000 0 |5 |=zero
X

1
v/e00-2M |,
C

Piﬁ o

ox' ox? ox® cox*

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

5 1000 Jx; 5

- ' [o 0 o & ]otoo|nt| o

V.J'4 = =V.Jj+2

ox't {6x16x2 ox? c@x“}OOIO Jx? +6x4
0001] cp

Invariance of the line differential element:

That to the observer O is written this way:

(ds) :(abc1 )Z +(dxz )Z +(dx3 )2 —(cdx4 )2 = [a’x1 dx? dx’ cdx4]

010 ¢ [1o007100 T ax:
(ds) =[dx’1dx’2dx'3cdx’4 001 0 |2100 0010 o | &
Vo 88(1)01 001 0 | @
F00vK ook [Led

001 0 oo 0010 0 |= 8(1)‘1) 8

v 001 0 1

v K’ -1 ’ 9y Ay

¢ VONKT 100011500k 200-1 szddfi
Cc ax
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Result that can be divided in two matrices:

vl
100 < 10007 %%
010 0 _|0100 | [000 0
001 0 “looro (000 0
Vioo_jm2vdxt | [000-1] |V o -2v'dx"
c Cde/4 c Cder4

10007 %90 % ﬁg
2 _ 11 12 13 14 010 O 000 0 dx,
(ds) —[dx dx'” dx'” cdx 00107000 0 s
000-1] |v 00 —2vadx" || cdn'®
c Cdel4

Executing the operations of the second term we have:

_ v
SN CA 1
[ﬂlx’ldx’2 dx’3cdx’4] 8 88 8 Z);,a _yax cax dxc cdx +cdx’4(%dx’l—i—‘2}j§,4
KOO—defl_au”
_C C2 dx14_
Then we have:
v
000 = 2"
a2 o3 5,41 000 0 dx’* |_
[dx dx'* dx"” cdx ] 000 0 e |[FEere
L’ 00 —2v""dx"! _Cdx’4
_C C2 dxr4 ]

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

1000
o e |30 8 |5 | ol
000

1000 dx';
(als’)2 :(abc’1 )Z +(dx’z )Z +(dx’3)2 —(cdx’4 )2 = [dx’1 dx'"* dx"” cdx'4] 8 (1) (1) 8 Z§:3
000-1]|cax*

1000 Irig007100 =22 [ ax
2 2os 41 910006700 A A
(as') =[ax'ax’axcaxt] 0 o1 0 |59 1010 0 ol
ook |000-1] 001 O ¢ o

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

1000 T000f100=x]| 100 —
010015790 c|llo10 0
0010 010 0 |= 15.76
v \/_ 0010 001 0 001 0 1
o QOVK 0001 500 vk | | 00142
¢ cdx
Result that can be divided in two matrices:
v -V
Loo = 10007290 =
010 0 10100 000 O
001 0 1‘0010*000 0 15.77
—_vOO_1+2;/dx4 000-1 —vOOZ;zdx4
cdx c cdx

That applied in the line differential element supplies:

4

(=]
(=]
(=]

1000 o dx;

N 505253 ;4110100 000 O dx
(ds) —[dx dx dx’cdx 001 0 + 000 0 0 15.78

000-1] |-v 4 2vdx! || e

c cldx?

Executing the operations of the second term we have:

_v —_
000 - dx; . 1
[cz’xld)czcz’)c3ccz’)c4 8 88 8 Z; _ Zvdx cdx +cdx4[_7vdxl+2—:di40dx4):zero
Voo2vd | cdxt
c crdxt]
Then we have:
—v 1
000 77 Tae
1,253 541 000 0 dx” |_
[dx dx=dx’cdx 000 0 o |mEere 15.79
__Vooﬂdil cdx*
c et

With this result we have in 15.78 the invariance of the line differential element:

dx
dx
dx
=1 cdx?

0 1
(ds')? =[x dxdx*cdx* O & |=(ar' ol (e f ~(eae* F =(as)’ 15.80

OS—= OO

10
01
00
00

In §7 as a consequence of 5.3 we had the invariance of Eii=E'ii' 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

v Ex\K E'XVK'
E'x'=——"——— Ex=——7~
(1_") 7.3B (1+ v j 7.4B
ux u'x'
E'y'= EyJK 731 | B¥=EYNK 7.4.1
E'z'= EzNK 732 | Ez=E'ZNK 7.4.2
B'x'=Bx 7.5 Bx=B'x' 7.6
Iy — l — R r_v_’ r !
B'y'=By+—5Ez 751 | By=By=3Ez 7.6.1
B'z'=B:—LE Bz=B'z+ Y E'y’
2 Y 7.5.2 o2 Y 7.6.2
ux , o, u'x'
By=—7Ez 7.9 By=-—74"= 7.10
_ﬂ o u'x’ [
Bz=—3Ey 791 | BEF=TEY 7.10.1
'
el
ux u'x
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' 8.14
' oy oz g, '
Where applying the tables 6, 7B and 9B we have:
(8,v8\Exx/flaEy\/Elsz/f:p«/f
ox c2ot J(l-v/ux) oy = oz &
Where simplifying and replacing 8.5 we have:
0 'v(_l 8)—‘ Ex | OEy Ez_p
ax \uxox ) |(1v/ux) dy oz &,
That reordered supplies:
g( v)_| Ex | OEy Ez_p
o\ ux ) |(lv/ux) oy oz g,
That simplified supplies the invariance of the Gauss’ Law for the electrical field.
Invariance of the Gauss’ Law for the magnetic field:
[ B' 4 [
0B'x :a J :aBZ:zero 8.16

o' oy | oz

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

al‘}a la( ] v \la(
(axlcz at)Bx. akay. CzEZ)' PR Bz

v Eyij

CZ
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That reordered supplies:

OBx, 0By 0Bz v (0Ez OEy 0Bx 0
ax oy oz 2\ dy oz o

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:

aE!y! aE!x!: aB!Z!
o' oy o

8.18

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

(aax = 8t) ENK ) ai(lE )://;c) ‘J__( Z—Eyj

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

aEy( v\ OEx _ 8BZ(1 vj
axk ux ) oy or U ux

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' __OBX
oy oz ot’

8.20

Where applying the tables 7B and 9B we have:
OFz ﬁﬂf fan
oy
That S|mpI|f|ed supplies the invariance of the Faraday-Henry’s Law.
Invariance of the Faraday-Henry’s Law:

OE'x' 8E’z': OBy’

8.22
oz ox' ot'

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

aExJE(a,va) _ g( L)
oz (1-v/ux) \ox c2 ot E=VK = \/Eal By+czEZ

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

OEx GEZ( v\ v OEz( v): aBy(l v v@EZ(l v)
Oz ka ux) ¢ o ' ux ot U ux) ¢2 ot U ux

That simplifying and making the operations we have:
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OEx 0Ez _ OBy v (0Ez OBy
0z Ox ot ux\ ox ot

Where applying 7.9 we have:

OEx OEz__ OBy v (0Ez ux GEZ)
0z Ox ot ux\ ox ¢ 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' 0OB'x OE'Z'

J'z'+ 8.24
ox' ay THoS ETEM T Gy

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

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

That simplifying and making the operations we have:

aBy_an: Jete OFEz 1 v20Fz 1 2vux0Ez v OEz v OBy 1 v20Ez
ox Oy Ho oMo i e Bt ¢ ¢ bt ¢ ox 2 Bt P ot

Where simplifying and applying 7.9 we have:

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

That reorganized supplies

OBy 0OBx
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:

0Bz OBY _ ., OB
ayf aZ! /Ll /LIO a !

8.26

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

0 L of ) 0 ExNK

— B E By E Jx—pv

ay( : y) 2\ & ? ot )+80'u0\/_al( 1-v/ux)

Making the operations we have:

0Bz 0By _ v (OE Y, 6Ez c2p e (1 v2 2vux\OEx 1

oy Oz Hol e\ oy FoC™P réoklol 2 c2 ) ot (1-v/ux)

Replacing in the first parenthesis the Gauss’ Law and multiplying by (I—LJ we have:
ux
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0Bz 0By _ Jyve 1 OB v ( 0Bz OBy Jx\ v OEx v*( 1 OEx), 1 v20Ex 1 2vuxOEx
oy Oz #o o5 ‘ux\ Oy Oz #o ) e ox c\ux ox ) crer ot ¢ 2 ot

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

0Bz OBy _ Jeie y OEX v (uxOEy uxoF:z |- OEx v2(—10Ex\, 1 v’ 0Ex 1 2vuxdEx
ay oz Ho ot ot 'uxkcz ay Icz oz Hoptt cz Oox Iczkcz ot Icz cz ot cz cz ot

That simplified supplies:

0Bz OBy _ Jyre 1y X v (OEy 0E:z o2 \ v @Ex 1 2vuxdEx
oy oz P0PTEMTe T T T P T ar e e

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

0Bz OBy .. ., OEx vOEx v OEx 1 2vuxOEx
# oM07ar e ax cr ax ¢ 2 ot

oy oz °

That reorganized makes:

0Bz OBy _ Mo Jx+e

dy 0z

OEx 2v( OEx  ux 8Ex)
o5 2\ ox ¢? o

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'x' 0B’z OE'y'
—=u J'y'+ 8.28
azl ax! ILIO y 80 ﬂO at!

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:

@ 81’;"’2=
oz ox to

Jote OEy 1v20Ey 1 2vuxOEy v OEy v 0Bz 1 v2OEy
YT T o 2 ¢2 ot 2 ox ¢ of ¢l o

Where simplifying and applying 7.9.1 we have:

OBx 0Bz _ e OEy 1 2vuxOEy v OEy v (uxOEy
oz ox 0TEM TG T o o e c2\c? ot

That reorganized makes:

OBx OBz _
aZ ax —ﬂOJy+€0ﬂ0

éuiy v (iLxéHSy Iéﬂiy
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:

Invariance of the Gauss’ Law for the electrical field without electrical charge:
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OE'x } oE'y } OF'z =zero 8.30
ox' oy oz

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

( v 9\ ExvJK 8ny/_ EzJK _
ox c2ot)(1- v/ux) oy Oz

zero

Where simplifying and replacing 8.5 we have:

[a, (—16)1 Ex OEy Ez

ox\ux ox J(1—v/ux)” oy oz —Eere
That reorganized makes:

o(, v\l Ex OEy Ez
[ax(l ij(l—v/ux)I dy oz —Eere:

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

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

OBy oBx__  OE'Z
ax! ay! Uﬂu al,!

8.40

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

0,v o \_0Bx _
(8}6'02 aJ(By. EZ) o oﬂo‘/_ EZ«/_

Making the operations we have:

aBy_an:g OFz 1v20Ez 12vux0Ez v 0Ez v 0By 1 v20Ez
ox Oy oM T e B ¢ 2 B 2 ox o d cAcl o

Where simplifying and applying 7.9 we have:

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

That reorganized makes:

OBy 0Bx_  OEz v (uxOEz GEZJ
ox ay 05 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 without electrical charge:

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

OB'z" OB'y' . OE'x'
ay’ aZV o /’lo at'

8.42

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

0 \ o 0 ExvK
8)/(32 Ey) 0z kByl EZ) EOﬂOJ_at(l v/ux)
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Making the operations we have:

OBz OBy v, 5&_’_@ (I.Vz 2vux \OEx 1
oy 0z c*\ 0y Oz e 2 ) ot (1-v/ux)

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

0Bz OBy _ OEx v (0Bz OBy v dEx v*( 1 0Ex), 1 v?dEx 1 2vux0dEx

E 0z Eotho ot 'uxk oy 62) c2 ox c2\ux dx ) c2c? ot ¢ ¢2 Ot

Where replacing 7.9, 7.9.1 and 8.5 we have:

0Bz OBy = OEx v (uxPEy ux0Ez) v dEx v?(—10Ex\ 1 v?0Ex 1 2vuxOEx
oy 0z oo 5 ‘ux\c2 oy 2 0z ) ¢ ax c2\¢? Ot ) ¢t Ot ¢ ¢ O

That simplified supplies:

OBz OBy OEx v (OEy 0Ez)\ v 0Ex 1 2vuxdEx

oy Oz ot 2\ dy ez ) 2 ox 2 ¢ o

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

0Bz OBy  ~OEx v OEx_v OEx_ 1 2vuxOEx
oy 0Oz oMo e e 2 ax ¢ 2 at

That reorganized makes:

0Bz OBy_ Mo JX+E, 1L,

OEx 2v( OEx  ux 8Ex)
dy oz °

Ot 02\8x c2 ot

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'x' 0Bz __  OE'y

& 8.44
o ox oMoy

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

OBx (0, v 0 v o) 0
5 oo aJ(BZ CzEyj_gOyo«/EatEy«/E

Making the operations we have:

0Bx 0Bz _. OEy 1 v20Ey 1 2vuxOEy v OEy v oBz 1 v20Ey
oz ox CoHTar T ot ¢ 2 of 2 Ox 2 ot clcl o

Where simplifying and applying 7.9.1 we have:

OBx 0Bz e OEy 1 2vuxOEy v OEy v (uxOEy
oz ax M o 2 ar e ox e2\e? o
That reorganized makes:
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OBx OBz _ OEy v (uxOEy OEy
o =& My '
dz  Ox o c2\c? 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)
Afunction f(6) = f(kr —wt) 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:

LF,,_ & +y? +zz)} o(0)

1’2 r

k2
+ —

)02 f(0) 22 /(0)
00 r’

= zero 15.82
FYE 00

(x2+y2+z

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+cosa]+cosﬂl€ 15.83
X X z z

where cos@=—=—, cosazzzl, cosff=—=— 15.84
r ct r ct r ct

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

Making the product

—

2 2 2 2

~ Ts - | +y 4+

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

we have r =J7i.R = cos @x + cos ay + cos Pz that applied to the phase @ supplies a new phase
O = (kr —wt)= (kﬁﬁ - wt): (k cos g + k cos ay + k cos ffz — wt) 15.87

with the same meaning of the previous phase =0 .

~ 5 w
Replacing » = 7i.R = cos ¢ + cos ay + cos 3z e k=— in the phase & multiplied by —1 we also get another
c
phase in the form

® =(_1)(kr_wt)=(wt_kr){w(t_iﬂ {W(Z_COSW *"OSW‘“&H 158

C C

with the same meaning of the previous phase (— 1)6’ =0,

Thus we can write a new function as:

f(q))zf{w{t cos¢x+cos0¢y+cos,6’zﬂ 15.89

c
That replaced in the wave equation with the director cosine considered constant supplies:
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20l o 20l o ST a+ 20l o P C—Z:zero 15.90

—azf(q))w—zcos2 ¢+—azf(q))w—zco z —azf(q))w—zcos2 B azf(q)) W

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 E described by:

E:Exf+Ey]+Ezl€ 15.91

Where the components are described as:

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

That applied in E supplies:

E=E f(@)+E, f(@)j+E, f(@)=|Ei+E,,j+E,|f(®)=E, f(®). 15.93
with module equal to E=\/(E )y +(Ey0 F+E, P f@)=E=E, f(®) 15.94
Being £, =E i +E j+E_k 15.95
The maximum amplitude vector Constant with the components E,o, Eyo, Ezo 15.96
And module E, =\/(E Y+, P+(E,) 15.97

Being f(q)) 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(®@)o®_ . of(®@)o(kr—wr)_,. f(@)kx_ . of(®)kx

xo xo xo :Exo T A 1598
ox od ox od ox ob r ob ct
OEx_p of (@)od £ of (®)a(kr—wt) _ E 6f(CD)(_W) 1505
ot od ot oD ot oD
that applied in 8.5 supplies
OBx —+ X/zt OBx =zero=>FE —af(q))aEer—/ztEm _af(cD )62: zero=> E 6f(¢>)(82+ X/zt b j =zero
ox ¢’ ot oD ox ¢ oD ot oo \ox ¢ o
- ( )(6(1) + X/Zt 6@) zero:>62+x—/2ta£ zero 15.100
ob \ox o ot ox ¢ ot

demonstrating that it is the phase @ that must comply with 8.5.
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oD  x/tod Akr—wt)  x/t d(kr—wt) e x/t x(, w
——t—5 L —zero= +— =zero:>—+—2(—w)=zero:>— k—— |=zero
ox ¢ 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)z(k’r’—w’t') then the components of the
observer O’ also comply with 8.5.
6(kr—wt)+x_/t6(kr—wt) 6(k'r’—w’t') x'/t 8(k'r'—w't’)

5 = + 5 =zero 15.101
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(kx — wi )+ isin(kx — wt) = cos @ +isin @ 15.102

where i:\/—_l.

Deriving we have:

a—lP:—ksen(I)-i-kicos(D end a—Tzwsenqb—wicosqb 15.103

Oox ot

or a—T_k " and a_\}r:_welq, 15.104
Oox ot

That applied in 8.5 supplies:

oF +x_/t8_‘P = zero = (—ksen(l) +kic0s(l))+ x—/;(wsen(l) —wicos(l))z zero

E c2 ot c

that is equal to:

[—k+ﬂ)sin®+[ki—mjcos® = zero

c’t c’t

or 8_‘P+x_/16_‘1’ = zero = (ke’@)

)C/Z( id))
5 +——\—we = zero
ox ¢- ot

2
C

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

W xw
—k+T:Z€I"0:>k:—2
c’t c’t
.Xwi xw
ki———=zero =k =—r
ct ct

(kei®)+ x—/;(— We@): zero = k = xw
¢ c’t

Where applying w= ckwe have:
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xw  xck X
k=—=—=—=c
c’t ct 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=—=—=Su=—.

Czt C2 1%

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’\/E 1.8 becomes 2.22

The Galileo’s transformation of velocities #'=u —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 #'x'=ux—V. In that one if we have ux = ¢ then
u'x'=c—vand if 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:

v 2y
t'=t1+———cos ¢ 1.7
c2 c

v

V= 1.15
2
2
1+v—2——vcos¢
C C
12 ’
t=t’\/l+v—2+2—vcos¢' 1.8
I} C
y= Y 1.20
2 ’
1+ Vz +2—Vcos¢’
C C

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=ev,t)=¢ (V1) 1.9
t'=f(v.t,0) 1.7
v’=g(v,¢) 1.15
(= 0 1) 18
v=g’(v’,¢') 1.20

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:

B
p=—u 16.1
c

The elevated to the power of two supplies:

2 2

u C 2
U -¢ p 16.2
CZ 2

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

m,c 2
2 2 2 2 4
E'=| ——| =E -E "r=mjc
u- C
1 *

Where applying 16.2 we have:
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2
E2—EZZ—sz,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_ ¢ pz :>u_: ¢ pzju:c 164

CZ :? CZ (Cp)2

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.

Applyingin E =c p the relations E=yh and c=yA we have:

hooo _
yhzykp:pzx and in the same way p :; 16.5

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
= p? E—4v2 —2£vpx

C C 02

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

2 2
pr=p>+ (cp4) v? —2%\/}9%: p':p1/1+v—2——2vzlx = p'=pVvK 16.6
c c c c c

Where applying 16.5 results in:

h h A A

p'= px/E: = =2JK = 2'=-Z= orinverted A= 2.21
AA JK JK'

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

y’=yx/f 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:

x4y 1?2 = x? 4yl h? e 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 77 and u as:
(x’—c t'): n(x—ct) A

{(x’+c t’): y(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) —’t? =z t=t |[1-V 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—j]:n(vt—ct) A

17.06
2
[0+ct,/1—‘;—2]:y(vt+ct) B
From those we have:
17.07
Where we have proven that n7.u=1.
From the group 17.04 we have the Transformations of H. Lorentz:
X'= (n;ﬂ)x-i-(’u;n)ct 17.08
ct'= (’u;n)x+(77;’u)ct 17.09
x:(n;ﬂ)x'+(n;ﬂ)ct' 17.10
ct:(n;ﬂ)x'+(n;ﬂ)ct' 17.11
- n+H H—n n—u.
Indexes equations 5 > and 5
1+ |1-Y  1+Y41-Y
-2 N1+Y -V 14V v’ 2 v’
c c VeVt (It 2 =75
c c
- |1+ 1 =-v--v o 2v -
LU—n= c _ c _ c c__ c :>,U577: c 17.13
+¥ \1-7 \/1+V\/1—V \/ v’ v
c c c c o2 o2
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1+ 1= 1+V -1+ Y 2V B v
n—p= c _ c _ c c__ c _JJI-H___c 1714
-V 1+Y v v 2 2 2
o to At 1_% _‘%
c c c o

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.=ct, Condition x,=—Ct,
17.08 x' = puct, 17.08 x' =-nct,
X' =X, X', =nx, X' AX = pux +1x,
17.09 ct'.=uct, 17.09 ct',=nct, ct'+ct',=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, =—pct',
X.=nx', X, =ux', X t+x,=nx'+ux',
17.11 ct,=nct', 17.11 ct,=puct', ct.+ct,=nct' +uct',
X, =cCt, x,=—Cct,

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
{ © ot 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, =>It'=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.|=let,| 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:

Quadro A cte=pety A
ct',=nct', B
17.18
ct,.=nct C
Quadro B c !
ct,=uct, 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:

|ctc|=|ctu|=|ct|

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
ct' =plct! A
e H R 17.21
ct',=n’ct'. B
Summing A and B in 17.20 we have:
+ + D t
ct'c+ct'u=2ct(n7ﬂj:D'=D(nTﬂ):D'=—2:Zt'=2—2 17.22
v v
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:

I
|ctc

=let’,|=let] 17.23

That applied to the tables A and B results in:

ct'=uct,
Quadro A { a

17.24

A
ct'=nct, B
ct.=nct' C

D

Quadro B
ct,=uct'
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ct, =n’ct, A
5 17.25
=uct, B
Summing C and D in 17.24 we have:
+ t!
ct.+ct, =20t’(777’uj:>D=D'(77 ,u Z 17.26

>D=—F——= Et——2
, , v

[ 1_7

C2

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
)_27Z'R c _ 47nRv

At=t_ —t,=t'(n-p)= =
c [ I—V—j onJo? o2
C

17.28

§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' . =ct (l—ij:ct' =ct.K. (1.7) ct_=ct' (]Jrvc
c (o] C c (o] c ) c c C

j:ctczct'cK'c (1.8) 9.11

\%
) V.=V, =5 (1.20) 9.12
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From those we deduct that the distance between the observers is given by:

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

(1—&j(]+vcj:KcK'c:1 9.14
C C

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:

1 — VU A — ’ V'U — r ’
ct',=ct, ]+? =ct',=ct,K, (1.7) ct,=ct',| I- - =ct,=ct',K', (1.8) 9.15
VU VU V’U V’U
v o= =v' =—2 (1.15) v, =t v =—1 (1.20) 9.16

u ] B V'u u Klu
(&}

From those we deduct that the distance between the observers is given by:
d,=v,t,=v',t', 9.17

Where we have:

(1+V“j(1—vuj:KuK'u:] 9.18
C C

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',
14 x.=ct'_K', 14 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.tct,=ct' K'_+ct' K',
X, =cCt, 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’zct’c+ct'u:ctCKc+ctuKu A 016

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:>vczv'u:>KC:K'u A o1
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, i, =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

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, 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'=2zR 9.27

Applying the hypothesis C in 9.11 and 9.15 we have:

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

’
t, =t K' =t, = t'(] —V?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:

At=t —t =pf [+ —pf ¥ )2 2V _ 47RV' 9.30
c c c c o

vt 2v_t, B 2v t

u-u

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

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 ,:

_2v't':47z'Rv': 47Z'RVC _ 47Z'RVU

At=t_—t = = 9.31
© Y c c? —Ccv, c2+cvu

The classic formula of the Sagnac effect is given as:

At=t, —t,=2"RY 9.32

c’-v

From the propagation geometry we have:

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

¢=27R 9.34
c
C _27R 9.35
c—v
£ _27R 9.36
ctv
Applying 9.34, 9.35 and 9.36 in 9.33 we have:
At:ZVZ?Z’R:47Z'RV 937
c c o2
Atc=2V 27R _ 427er 938
c (C_V) c’—cv
At _2v 27R _ 47Rv 939

e letv) laev

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

St =t = =

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 . : . L ,
As we have >t'. —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:
r— — VC VU r— —
D'=2L=ct, ]—7 +ct, ]+? =D'=2L=ct_ -v_ t.+ct,+Vv,t, 18.05
Where applying 9.26 we have:
T _ _2L
D—2L—ctc+ctu:>2tx—tc+tu—? 18.06

In 18.04 B we have:

v' v’
D:ctc+ctu=LH1+ Cj+(1— ”ﬂ 18.07
C C

Where applying 9.25 B we have:

D=ct_ +ct,=2L=>Yt, =t_+t :%L 18.08

u

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

=< 18.09
C

St =YL =Y,

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:

PR Y 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
r’ ¥ r
The sub index "0" indicating mass in relative rest to the observer.
To describe the movement we will use the known formulas:
F=rr 19.02
_ dr d(rf) dr. dé
Uu=—- =—r+r— 19.03
t dt dt dt
2 2
.. (dr d
w=ii=| — | + r—¢ 19.04
dt dt
L di dF &) |dr (dpY' |, | drdg  dp;
=i dT_ (2 ) - a\ |, 2__¢+,,_§’5 p 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 . (.du\i
—_ o - — 4 2a+ o = 0 3/2[ ] 3 a-+| u— - 19.06
dt\/]u \/]u " cdt ]u2 L c dt )c
SR

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:

o [y

F=—?—r 19.07

dr| d°r (d(/ﬁjz dg| ,drdp_ d ¢ I(dn d¢
=51 | |+r
dt| di "\ dt dt dt ar ¢’ dt

1_£ d’r (d;/ﬁj LJdr|d’r d’r d¢ Jdrdg d’g)\| 1dr oy
" | a? e dt| i dide | dr | di
v}, - ede, £°8), d_d_(d—¢] 49 rds 9 ragl;
dt aa | \at a? e dar\ drdt  ar’ || dt

+

19.08
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In this we have the transverse and radial component given by:

R R L (dﬂ + ﬂd_z”_{@]z (2 pdrds Y L, 19.09
" (1_u2/62)”2 ) \at dt| di’ '\ at dt\ “drdt  ar dt '

2 2

]3'(/;: m, ~ ]_u_2 2drd¢+ d’ ¢ " ﬂ d’r ( ¢J rd¢ drd¢+rd [ d¢ é 19.10

(1—142 /02)’ AN\ dedr a? ) |de| a \dr di\“drdr " di® )| dr
As the gravitational force is central we should have to null the traverse component ﬁé:zero so we have:

2 2 2 .

F(I;:—m" =\ 1~ 2drd¢+ d’ ¢ + dr d [ ¢] +r@ 2—drd¢+rd—? r2d¢ d=zero 19.11

(J_MZ /62)’ didi " ar | |di|a’ e die\“drdr " d’ )| dr
From where we have:

2
( Ldrdg d ¢j rdrd (%drdmzd%ﬁ] —Idr[ﬁ_r(wﬂ
R ) 2 2
dtdt dt _ & dt dt dt dt dr’ ¢ dt| dt dt 19.12

)] =48] S EGI

From the radial component Fr we have:

d¢ drd¢ d ¢
= m, d’r d¢ u’ dr dt dt dt dt ldr|.
E:W d2 ]——2 + B > > A 19.13
—u’/c t dt c dt d (d(j c dt
dt dt
That applying 19.12 we have:
(4 7 drdg
. m d’r d¢j u’ ) Jdr “a\drdt )| 1dr].
F=—"— 1— |+ r 19.14
’ (1_u2/cf)’/2[dt2 (dt } ( &) \ar . (drj ¢ dt
dt
That simplifying results in:
V_ (dczﬂ
. ar’ \ dt
=" 19.15

’ T (ary]
u r
1-—— |- ™
\/ 02{ cz(dtj}

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

{dz B [d(éj:l
. e’ \dt — _
Fom . —GMm, . —k

2 p=—0noF 19.16

’ u’ 1 dr " r r’
1— I-=| =
c c\ dt
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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:

_—GM_m, —k

E =—°%°%= 19.19
P r r
Resulting in:
E=moc2 1 -1 _k_ Constant . 19.20
u’ r
==
c

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

E dE, dE
d—:h+—”:zem . 19.21
dt dt dt
Then we have:
dE, mu du
= 3 19.22
dt o\ dt
u
1=
c
dE k d
p_ 19.23
dt  rodt
Resulting in:
dE dE u du kdr mu du —kdr
— =t L =zero=m———— 4 S —=zero=>————=—; 19.24
dt dt  dt NS dt 7 dt oy dt P dt
u u
1——2 ]——2
c c
This applied in the relativistic force 19.06 and equaled to the gravitational force 19.01 results in:
-~ m _ I kdr_. —k.
F= 2 =—r 19.25

a i
2 2 2

uwooccrdt or

1=

c

In this substituting the previous variables we get:
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Fo M {ﬂ ,{@j };J{gﬂﬁwd%}g I kdr(dr,, @éj:__ff 19.26

[ u s dr’ \ dt drdt df )| crdidr dr’ ) r
C

From this we obtain the radial component F"r equals to:

2 —
Fo T d__ (dgﬁj I k(drj _—k 107
| \di dt) r

2
C

That easily becomes the relativistic gravitational force 19.16.

From 19.26 we obtain the traverse component ﬁé equals to:

P (drd¢+rd¢ 1kdrdg__ 1028
’ \/ ZK dtdt df ) ¢ rdtdt

C2
From this last one we have:

2
ZrQ@—i-rzd—? e
rz@ m,c’r’ dt ¢’
dt

As the gravitational force is central it should also assist the theory of conservation of the angular moment
that is written as:

L=7x p=constant. 19.30
L=Fxp=Fx m"ﬁzzrﬁx ™, Z(ﬂﬂr%q@jz ( ¢): 7, 2d¢k 19.31
\/]_u \/]_u dt dt ]_ }1_7
c’ ¢’ c’ c’
[=—" - 2d¢k =Lk = constant. 19.32
]_IL dt
CZ
dL d( ) (L)k Ld() d( )lézzerozﬂzzero 19.33
At dt dt dt dt dt

Resulting in L that is constant.

dk
In 19.33 we had jzzem because the movement is in the plane (x,y).
1
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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/ZCZHZC%J du 1
U du 19.35

rz@ :(]_uzj dt ¢’
dt g

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*¢) —ldr|d’r (d(zﬁj
Al B e
dt dt dr’) ¢ dt dr \di k dr W —u du]
_ Ly - 19.36
rz@ ; ](drj mcr dt c (
dt c’\ dt

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.

Let us assume w=— 19.37
r

ow -1
The differential total of this is dw=a—dr:>dw:—2dr 19.38
r r

dw —1dr dw —1ldr

From where we have —=—— ¢ —=—— 19.39

dé rPdg - di rdi

dg L u’
From the module of the angular moment we have —= 1——2 19.40
dt my’ c
dr L dr
From where we have —= 1-— 19.41
dt myr d¢
dr —Ldw
Where applying 19.39 we have —=———_[[— 19.42
m, d¢
2
d’r_dg di d(~Ldw
That derived supplies — 1 19.43
e’ dt dgdi\ m, dg
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Where applying 19.40 and deriving we have:

dz L ] uzi —Ldw ] u’ _—LZ J uz_dzw ] u’ dwd(
3 me\ Caglm dp\ E | i\ 2l ag & d¢d¢k
In this with 19.36 the radical derived is obtained this way:

d u’ -1 u du k dr( u2 -k dw( u’
A= F =7 2

dt ) NI-/E S dt metr dtk ) me dtk c

d u’ —1 u du k dr( uz -k dw( uz
= F 2 5 22 1

dp\\" &) 1=’/ dg mrdp\” ) mye d¢k

That applied in 19.44 supplies:

d’r -I w’| d’w wo ok (dw u’

=\ I ]

dt° mr c’|dg ¢ mgc kd¢ c

Simplified results:

3
d’r_ Lk (1 JJZ(dwj L, u\dw

ar mc’r’ d¢ merL cz)d(éz

Let us find the second derived of the angle deriving 19.40:

d’¢ d| L u2 -2Ldr u
7 ERI A 2‘L
dt dt\myr ) my’dt my dtk

In this applying 19.42 and 19.45 and simplifying we have:

o

d’¢ 2L dw uzj Lk _dw(, u Jz

= 1
ac mridg\ ) mcr d¢k

Applying in 19.04 the equations 19.40 and 19.42 and simplifying we have:

, I ( u’ j{(dw)z 1 }
uw=—|l-——||—|+=
m\ )\dg)

The equation of the relativistic gravitational force 19.16 remodeled is:

)
d’ \ dt ¢ dt ¥

In this applying the formulas above we have:

3 2
Lk u’ 2 dw ’ I ( uqdzw L u’ u’ ](—de
el Kl R ] 77 A== | ==
mcr c)\dg) mr k c Jd¢ mr c c c kma de¢
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2
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19.44

19.45

19.46

19.47

19.48

19.49

19.50

19.51

19.52



2
Lk wYaw) L wdw I u’ ](—de uw | —k
I— | — 1 I—=|1 1
mc’r’\ c\dg) mir’ cd¢’ mr’ c’ ¢’ Lmo dp\" &) |\my’
Ck (,wYawy £ [ wdw 1 [ o -k Lk 1f uYdw)
mc’r’\ ENdg) mir’ cdg mr’ c’ morzlmjrz c’ k c \dg
r ]uzdzw r ]uz_—k
mr’ cdg mr’ c my’
dzwL]_ m k
A’ r ’
¢ r LZ\/]_M2
c
dZWLl_ m k
ci¢2 Ir 2
m, r2di¢ I_u:
]_u: dt ¢’
c2
2
dZW ] mok ]—?
W (9]
t
5 2
u
(dZWLJJZ_ k 1—?
d¢’ r) ’
o
t
2
Kl 1-5
(d2wj2+2d2wL]_ ( czj
dg’) rdp’ (dﬂ
© \dt
2 kK
(dzw] 2dw 1K 2
dg’) rdg [«wj (wj
© \dt “ \ar
K (drjz ( d¢]z
Sl H
2d*w 1 kK’ c | \dt dt

d’w ’
d¢’

o 2" 2
rdg’ r 5
mr

a¢
d

)

2.8
0

A

d¢
dt

j
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E(drY K( dpY
2 —| — - r—
(dsz 2w 1K Alar) AU di

)T ] )
dt dt dt

i (drY
2. \? 2 2 77’/ 2
dw)| 2d'w 1 k c'\d¢g k
d¢2 ' J 2 o= 7 2 2
rd¢- r mzrg(CMj mzrg(CMj m2c2r6(d¢j
o\ dt o\ dt ? dt
2
2.\ 2 2 kfz _r2diw 2
dw) 2dw 1 k c d¢ k
d¢2 Ird¢zlr2: d¢4 d¢2 d¢52
NER LA mjczrﬁ(j
dt dt dt
2 dawY
2.\ 2 2 77W 2
(dw} 2d'w 1k \dg k
de’ -

rdg’ r’ s d¢ ’ m2r4(d¢j2 m202r6(d¢jz
© \dt © \dt ’ dt

In this we will consider constant the Newton's angular moment in the form:

=99
dt

That it is really the known theoretical angular moment.

dwY 2dw 1 KK (aw) K
d¢’ Ty d¢’ o m I mchszd¢ m.c’r’’
2 2
d’w d’w K’ K (dw K’
— | 2 22w+w2: 2747 22 2(_ 22 2w2
@ dg m L mcL kd¢ mc L
2 2 2
dVZV +2d—vf =B A | —aw
d¢ d¢ d¢

Where we have:

2
A—k

=72 22
m,c'L

k2

— 4
m L
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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:

ol D e D 19.59
w ]—5cos(¢«/I+A) I-¢cos(¢Q) '

Where ¢ is the eccentricity and D the directory distance of the focus.

Deriving 19.57 we have Z]—W:Qs%@ 19.60

2 2
That derived results in 2= cos(g0) 19.61
do D

Applying in 19.54 the variables we have:

2 : 2 :
d VZV +2d—vsz+A aw +(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

Q4cos22(¢Q)+2chos2(¢Q) 2Q200s5(¢Q)+4Qz Achosj(¢Q)+(A+]{]—£cos(¢Q)T_B:Zem
D eD D D D &D

Q4COL«92(¢Q)i chos(¢Q) Q2C082(¢Q) Q2 AQZCOS2(¢Q)L (A+1) (A+1)cos(¢Q)i(A+])cos2(¢Q) _

2 +2 2 2 2 A=-4 2 b2 2 ' 2 —B=zero

D &D D D D & D eD D

(Q4—2Q2—AQ2+A+I)COSZ(Z¢Q)+ 20" 24_2 )COS(¢Q)=AQZZ+(T1) B=zero 19.63

D eD &D 5DJ D D gD

In this applying in the first parenthesis O°=I+4 we have:

(0" =207~ 40> + A+ 1)=|(1+ AY — 201+ A)- A1+ A)+ A+ I+ 24+ 4 = 2-24— A— 4 + A+ I)=zero
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In 19.63 applying in the second parenthesis Q2=I+A we have:

207 24 2\ [2(+4) 24 2
= =Zero
eD &b &D eD eD &D

The rest of the equation 19.63 is therefore:

40  (4+1)

F gZDZ —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~/I1-¢° =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

pali=e?)_579.10"(1-0,206°)
e 0,206

=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:

7
N :100%:415,79 .
60.10

4
Theoretical angular moment of Mercury:

2
r =(ﬁ?] :GMaa(1—52):6,67.10‘”1,98.10305,79.10’0 (1—0,2062):7,32212937427.]030
t

_(GMym, ) _(GM,) _(5.67.007"F (1.98.10" ]

mCr (30100 ) (7.32.00%) o0

Y 2
o (GMym, (G, ) (667107 F 1.98.10") 325007

my L r (32.10")

O=+I1+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:

2 -8 2 -8
AQ I(A+1) 520510 (1,000.000.013.23) L 265107 +1 325,10 =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:(CZLZZD)Z {H(CZL”Z) :|+6‘2D2 {H( cZLOZ) ( L"O) =zero 19.71

2 2
£ (GM, )Z{1+((;ZLL"2)}+L4CZ{]+%}—0282D2(GM0 ) =zero
c c

2 2
((24;2) +Lc?+ L’ ((fyLOZ) ~’¢’D*(GM, ) =zero

&’L’(GM,) +&’I’(GM )’

(GM, )

2
C

&’ (GM,)) +&° +L'+ 7 (GM ) —c’e’ D’ (GM )’ =zero

4
c’L +(1+€2 XGMo )’ +52—(GMZO) ~’¢’D?(GM,y)’ =zero 19.72
c

—(1+&” YoM, J_r\/[(]+52XGM,,)2]Z—4cz &’ (GM;’ y —c’e’D*(GM ) )’

C

LI’=
2¢?

L —(1+e2)om, Y +(1+e? Y (GM, Y —4£°(GM, ) +4¢* €2 D* (GM,,

B 2¢?

LZ_—(]+52XGM0 VY al1+267 +&' \GM, ) 47 (GM,) )’ +4¢’£*D* (GM,) )
B 2¢’

(1+67)GM, VP £(GM, ) +26°(GM, )’ +&* (GM,) ) —4&7 (GM,, ' +4¢* £ D (GM,

L=
2¢?
LZ_—(1+52XGM0)2 +J(GM,) +&'(GM, ) 267 (GM, )’ +4c’£*D*(GM,) )’
- 2c’
2 2 2 4 4 2.2 2
LZ:_(HE Jor,) - Z(ZGM”) e DAGM) 5012097528, 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]2927328.10 —~7,32212937427.10 13810 = —1 19.74

AL - = .
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
A¢=_3’46'10 .180,00.3.600,00=_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:

moc 2
E,=———+E_=m_ 19.78
R u2 P o
1-—
C

Writing the equation to the Newton’s gravitation energy Ey having the correspondent Newton’s terms to the
19.77:

mou2 k 5 5
Ey = ——+m.c’=m. 19.79
2 r

2
m_u -k
Where °2 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 , , mu’ k , 2k 26GMm, ,  2GM,
__+moc :moc = =——-u = = —>u = 19.80
2 r 2 r m.r m.r r
Deriving 19.79 we have:
dE, d(mu’ k 2
=— ——+m._c” |=zero
dt dt{ 2 r
m Z2udu k dr
—+——=zero
2 dt r-dt
pdu_ _—k dr_~GM. dr
dt mor2 dt r’ dt
,du_~GMs dr
dt r? dt
du —-GM,
— = 19.81
dr r
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Making the relativity energy 19.78 equal to the Newton’s energy 19.79 we have:

moc2 mou2 k 2
E, =E, > —F—+E_ = ——+m._C 19.82
u’ 2 r
1-—
c
2 2 2
m.c +E_p _m,u” GMm, m.C 19.83
0 1_i m, m,2 m.r m,
° 2
C
In that denominating the relativity potential (¢ ) as
E
Q= £ 19.84
I’nO
We have:
2 2 GM
C =8 _To, ¢
l—i 2 r
o2
2 GM 2
=4 _Z o, 2 _C - 19.85
2 r 1_%
C
In this one replacing the approximation
l 2
A1+ — 19.86
u’ 2c
1-—
C
We have:
2  GM 2
o= ——2 ¢’ —cz(l +u—2j
2 r 2c
That simplified results in the Newton’s potential:
2 2
u GM u —GM
p=—- ° 4ol _p? 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 u GM C
E,=—F/——+m | —— SR s — 19.88
u2 2 T u2
1-— 1-—
C C

We have the Newton’s energy 19.79:

89/164



Deriving the relativity potential 19.85 we have the relativity gravitational acceleration modulus exactly as in
the Newton’s theory:

—-d
a= 4
dr

= = —_ O+C —
dr dr| 2 r u’l
1-—=%
c
a_—d u’ GM, | d| ¢
dri 2 r dr . u’
C2

Where we have:

—d{uv® &M, ,)| -dfE, o :
—_— — = +C” |=——| — |=zero. Because the term to be derived is the Newton’'s energy
dr\ 2 r dr\m,
E e
divided by m, that is —- = u?——O+c2 that is constant, resulting then in:

m r

a= 2 19.89

3
1-—%
C

The vector acceleration is given by 19.05:

2
2 24| .
5o g_l{d_ﬂ f{zgd_mrd_q(ﬁ
dt? dt de dt  dt®
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The relativity gravitational acceleration modulus 19.89 is equal to the component of the vector radius (1)
thus we have:

d’r  (dg\’ -1 &M,
a= —r == |= 19.90

dt’ dt N
R

Being null the transversal acceleration we have:

drd d’¢ |-
2—r—¢+r—f ¢ =zero 19.91

dt dt dt

2
ZEd—¢+r d iﬁ =zero
dt dt dt
. o 2 dg
That is equal to the derivative of the constant angular momentum L=r a9t 19.92
dr. d d drd d’
—:—(r2—¢j=2r—r—¢+r2—f=zero 19.93
dt dt dt dt dt dt
Rewriting some equations already described we have:
wW=—
r
o —
dw=""dr=>dw=—>dr
or r

dw -—1dr dr , dw dw —-1dr
—=—F—o —=-r —and —=——
d¢ r° d¢ d¢ d¢ dt r°dt
dr d¢dtdr L dr -L 2olw:>olr_ dw
dt dtd¢dt r’d¢ r° d¢ dt d¢
d’r d(dr) dg¢dt d dw) L d dw) -I° d°w

s=—|—|=———| L —|=—7—| " L— |=— > 19.94
dt dt\dt dt d¢ dt d¢ r° d¢ d¢ r® d¢

From 19.90 we have:

1_3112 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 (2eM ]| -1 a*w (LY | oM
1-- 2 N2 [T
e r r° d¢ r r

36M, 1Y d’w 1) GM,
1- 2 SR
c” r)A\d¢° «r L
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(1 3GM, 1jde (1 3Gm, 1)1 GM,
c? d¢’ ¢’ rj)r I7

d’w _ 3GM, d’wl 1 3GM, 1 GM,
2 2 Tt = =2 2

d¢ c® d¢’r r < r L

dzw__ d’wl 1 1
de’ d¢*r r r’

=Zero

d’w d’w 5

P —A 2W+W—AW —B=zero
d¢”  d¢
d’w d’w 5

—A w—Aw +w—B=zero

d¢®  d¢’
Where we have:

_3eM, __GM,

The solution to the differential equation 19.95 is:

:L[l —8cos(¢Q+¢o)]:> W ZL[1—8005(¢Q)].
gD gD

Where we consider ¢ =zero
Then the radius is given by:

1 &ED &D
r=—=————=r=
W

1—¢gcos(¢Q) 1-scos(¢)

Where ¢ is the eccentricity and D the focus distance to the directory.

Deriving 19.97 we have —

dw Qsen(¢Q) dzw _ Q° cos(¢)
¢ D d¢2 D

Applying the derivatives in 19.95 we have:
d’*w d’w
s —A—
d¢”  d¢’

0’ cos(gQ) AQ’cos(4) 1 [
D D

W—AwW +w—B=zero

0% cos(go) RQ* cos(d) [1-scos(go)]-—
D e’ £’
0’ cos(gQ) AQ°cos(¢) N AQ” cos(¢Q)
D D’ D’
A

gcos(dQ)-

——+ 28cos(¢Q) 8 cos (¢Q)+——igcos(¢Q)

gD &°D &D
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[1 2e cos(¢gQ)+e” cos” (¢Q)]+ [——ig cos(¢o)

19.95

19.96

19.97

19.98

19.99

1—¢cos(g)]- pERY [1 8COS(¢Q)]2+i[1—8COS(¢Q)]—B=ZGIO

}—B:zero



2
cos(¢4Q) Q2_ _1 +AQ cos’ )_ACOS (¢Q)_ A +— —B=zero
D D? e’D° &b
cos(#0) Qz— _1 +AQ cos’(40) AcOsz(¢Q)_ A 1 B o
AD AD’ Ae’D® RAeD A
cos(dQ) Q2 Q2 1 Q cosz(¢Q) cos’(dQ) 1 1 B
& P - ——+ ——=zero
8D 8D A D gD AeD A
2 2 2
cosz(¢Q)(Q2_l)+ COS(¢Q)(Q__Q_ i_l}_%JrL_Ezzero 19.100
D D A ¢ &b A eD” AeD A

The coefficient of the squared co-cosine can be considered null because Q=1 and D’ is a very large
number:

cos’(4Q)

D2 (Qz—l)zzero 19.101

Resulting from the equation 19.100:

cos(go)(Q° 0" 2 1) 1 | 1
A

B
D 5 o A oD aep A 2CTO 19.102
&l &l

&D” AegD 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:

2 2
2 1 1 1 B
Q——Q—+———=zero and —— 5 t————=zero 19.103
A &b & A gD AgD A

These equations can be written as:

1 1 1(1 2

[a=p]m>—-—=—|—-= 19.104
A ¢ Q'\A eD
1 1 DB

[a=c]=>—-—="— 19.105
A & A

1 1
In these ones the common term a = — —— must have a single solution then we have:
A ¢&D

1(1 2 &DB
[b=c]=> | =-=|="— 19.106
Q’\A &) A

With 19.96 and the theoretical momentum we have:

3GM, GM, EDGM,
= B= L ZEDGMO EDB = 5 =1 19.107
c? 17 L
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It is applied in 19.105 and 19.106 resulting in:

1 1 1
[a=c]lm——— ==

A & A

1(1 2 1
[b=cl>—|=-=|==

O\ A &b A
From 19.108 we have the mistake made in 19.105:
1 1 1 1
———=—=-—)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 5 2A B 2 3GM,
—S|———=|=—=0 =]l-——=Q" =1——- >
O°\A &b A &D &D ¢

It is applied in 19.104 resulting in 19.110:

gD

1 1 1(1 2)_.1 1 1 (1 2
—— e == =
A & 0°\A &) A & (1_2Aj A &

From 19.112 we have:

—> ——RZEero

oo [_eaM, _ [ ele67.10")1,98.10%)
eDc’ (55.442.955.600,00)3.10°)
That corresponds to the advance of Mercury’s perihelion in one century of:

ZA¢:A¢.415,79:{l—1].1.296.000,00.415,79:42,79"

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
Q

$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 Ap>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].l.296.000,00.415,79:42,79"
Q

If ZAd) <zero we have a regression.

If ZAd) >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 Q' 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

u>2<—v = VZ_V =>u'x'=zero
\/l+x12_2vux \/l+v_2vv

(2.3) U'x'=

C C2 C2 C2

UxX=v ux'=zero

(117) dt'=dt 1+——2VUX_dt,/1+——2VV:>dt' dt,/l——
'2
(1.22) dt = dt'\/l+ UK g +u—2:>dt at' 1+%
C
VZ
dt'=dt,[1-¥ dt=dt'
C

c c
V' ' v
V= V=t
s v?
1+ -
c c
dt>dt' v<v' vdt=v'dt'
R — — R -
(1.33) v = - = - =>V=T"—
) | JA o | ) 1 ¥
\/1+V2+2V‘éx \/1+VZ+2V20 1+
c c c c c
(1.34) V'= —V = _ZV =V
N A N 2
c c c c c
GV =V
¥ V2
ez 7
r=rr=-r' P=-rr=-r |ﬂ=|f‘|:r
dr=drr+rdr=—dr' dr'=—drr—rdr=-dr
rdr=drrr+rrdr=dr rdf'=—drrr—rrdr=—dr
- A R 2 2
dt dt dt dt dt dt

ﬁ.zd_f':iﬁ:{gf+rd—¢¢3) v'zzﬁ'ﬁ':(d_f)2+(rd_¢j2

at' at'
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5_dv _dF_dirf)_|dr_ r(d¢) ,drdg d¢ 5
dt dt? dtt |dt? \dt dtdt e

2 ~
e dr2 d( r2r) r r( j . Zdrd¢+rd¢2¢
de' dt?  dt dt’ dt’ de'dt  dt'

= 2 2 3= -
—é’:—ﬂ: l+%;2 1__2ﬂ+ 1 vdV V2
de V' ¢ (l_vj c” dt \/ ve dtc

dv v

- 2 2 =
_z=-9v :,/1+V2 1 > ,/ 1—V—2@+ 1_,
dt' c (1 v) \/ c” dt \/1 V2
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— 2 <7 7
F:Lﬂl—v—jdeﬂl} (=19.06) 21.16

~ _ ] _ — ~ 2 = —
Fre—ntg=—re = Tb i‘;':F: d {(1—‘”—%%%*%%} 2117
\/1+V2 \/1+V2 (1_V2j2 © ©
c c 2
c
B = [F(-dp)=[F.dr=[=XraF 21.18
r
|7 (—am=|rg7= Ty av' 1) — To ’7 V2d_‘7 dv v 2| =k 2 4%
Ek—JF (~dr) jF.dr j - dt'( dz) J j 3&1 chdtJrvdt C2}dr Jrz rdr 21.19
=
c 2
— 2 - - A
Ek:J. To dx?'dr = ol 3((1 V—Zjdx7£+vd @Vz :J.—];r.dr
v dt' 2 El_ c dt dtc r
C 2
mdv'v' m, 2 - Sara ko~
E = = 5| 1—— |[dvv+vdv— :I—zrdr
1+V'2 v’ EL ¢ < d
C'2 1—7
C
| 1 2 2
Ek:J.InOV dv :J. T 3 lr(l—v—zjvdv+vdvv—2 ZJ._—];dr
V'2 2 5'_ C C r
1+ (1_v2j
c c
myv'dv' [ myvdv v:,vi)_[—k
Ek:I O - = © 3(1——24-—2 =j—2dr
R A
2 1—7
c c
1 1 1 1
Ek:jmov dx; _ movdv3 :I%dr dEkszV dx; _ movdv3 :%dr 2120
T - ¥ =
e g Foe ey
c 2 c c’
2 v* mc® _k
E,=mc® [1+-— =—1=—=—+constant 21.21
c v T
o2
2 2
E,=mc? /1+1—£=constant ERZK—Ezconstant 21.22
c* r VT
o2
2 2 2
ER=£2—£:moc2+ ¥ _k ER:L—ﬁszc2 21.23
1-v * d 1_@ ®
c ¢’



=—5+ H= A= oo
\/l_Vz mc” mc’r mc’ mc® mc®
C2
3
1 :H+AL 1 3=(H+Al)
< c
21.25
f:fxﬁzrfx(drr+rd—¢¢3)=r2d—¢(f><¢3):r2d_¢]§
dt d dt
L=fxp=px—=T :rfx—_l[_(drfﬂd_%ﬂ: 1290 (5 ) 0
14" 14v? \dem o ar 14y dt dt
CZ C2 cz
fzrzd—(é]E:L]::: constant L:r2d_¢
dt dt

dEk:mOv'dv': myvdv _—kg_—k;

—Fi—_ T i”dv___é{f_ﬂ___];fﬁ
dt N dt o dt
2
c
Fo M8 _—kp

= 2 2 21 .
Fo T er_r(d_@ S PYetalel xS 92
o | at® \dt dedt ~ dt r

26\ .
7= o 3(2drd¢+rd€ p=zero
¢ ~2\Tdtde dt
1=
[-2)
. om | & (A |~k
25 dt dt r
%)
2
C
dé_ 1 dr__;pdw d’r _ - dw d¢_2r dw
dt r? dt d¢ dt?  r? d¢? dt? r* d¢
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. 2 . _
R J I;dw_r(%j }:_fgr 21.33
2 d¢# \r r
1 v

2 M
;{d_vzulj:Gzo 21.34
( 2)2 d¢ r) L
1=V
2
C
3( 2
M
(H+Alj dw,1)| % 2135
r)\d¢" r) L
2
(H+3Aljd—vg 1)-9%
rA\d¢” r) L
dW+H +3AOZT’2V1+3A—=G]\24o
d¢* r r r L
2
HMH{ 13294387 - - 2o ro
df a4 L
M
H=—"2 a=—k G Gl p="% 21.36
mc mc mc c L
dW+HW+3A2¢Ww+3AW —B=zero 21.37
—0ser(go) 2 _?
==L iyecos(po)] dw _—Qsengo d _=0"cosl¢0) 21.38
r &D d¢ D d¢ D
2 2 2
H_Q+E(¢Q)+H—[l+gcos(¢Q)]+3AQ%S(¢Q)LD[1+5COS( )]+3A{ D[1+gcos(¢Q)]} —B=zero 21.39
& &

—QzHﬂ¢—Ql+HL+HL8COS(¢Q)—ﬁﬂ¢—Q)[l+8COS(¢Q)] SELE +2€cos(¢Q)+£2cosz(¢Q)]—B =zero

D eD &b e D pa

el s(¢0) gl yco s(¢0) 30%acoslg) 30%aco S(¢Q)ECO s(go)+
D <D D eD D eD D
3A 3A

6‘2D2

+

“(#p0)-B=zero
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_pncod), 1, codlg) 3Pacoddgo) y,coclpo),
D D*

D gD D gD
2
+ 32A2+6A COS(¢Q)+3ACOS2(¢Q)—B:zero
&D &b D D

pyycoslé) , , coslgo) 3p°a coslgo) , 6a coslgo)
D D &D D &D D

_BQZAcoszz(¢Q)+3ACOSZ(¢Q)+HL+3_A
D

> Z—B:zero
D gD &°D

2 2
(—Q2H+H— 0A +6—A\COS(¢Q)+(—3Q2A+3A M_)cos 2¢Q +HL+—3A2 —B=zero

eD &D) D D eD &D

2 2
(—3Q2A+3A)%gz®+(—QZH+H—3Q—A+6—AjCOS(¢Q)+H L, 33 B_,ero

&D &D) 3AD 3AeD 3Ag°D° 3A
2 2 2
(l—QZ)COS(¢Q)+(_QH+£—Q—+£\COS(¢Q)+ H 1 _B_,ero 21.40
D2 34 34 & &) D 34¢D  &D? 3A

2
0P ~1 (l—QZ)msf—Qz:zero 21.41

D

2 2
(ﬂ+i_9_+;\cos(¢9)+ H . 1 _B__.., 21.42
34 34 & &) D 3AeD &D’ 3A
codf0)_perom H 1 _B_ .0
D 3A¢D &°D° 3A
2 2
D 3A 34 ¢&D &D
"2 2
ﬁ%ri—Q—%rL:zero L+L—£:zero 21.43
34 3A &D &D 34eD &°D° 3A
[a:b]éi‘f‘L:L(i‘i‘Aj [a:c]ji-l-L:@ 21.44
34 e&D Q°\34 ¢&D 34 ¢D 34
2
eDGM_ &DGM
0?=1 g=—2 =T ¢DB=""—"o= o1
mc” mc L e;DGMo
[a:b]:£+L:;(£+;j:L:Zem S O N S A SR
34 &D 1\3A ¢&D gD 34 &D 3A &D
[b=c]:%(£+i)=—w5 21.45
O°\34A ¢&D 3A
eDGM_ &DGM
gDB= 0= °o=1 21.46

L &DGM,
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[b:c]zi(£+gj:L
O°\3A ¢&D) 3A

2=+ 04

&gD

Q:Q(H) The regression is a function of positive energy that governs the movement.

E
H=—tr IC 4 0?=1+04 Regression
mc®  mc? gD
- b]:L+L=#(L+L):>L=ZerO
34 &D (1 +6Aj 3A &D)  &D
&D
2 2
3A5D(ﬂ+i_9_+éj:zem 3A52D2(L+L_£jzzem
34 3A &D &D 34eD &°D° 3A
e ER2 2 G, B=G1\;fo
mc c? L

—Q’HeD+HeD—Q?3A+6A=zero
—~QX~3A+¢£D)-3A+£D-0?3A+6A=zero

0 3A—0%D+eD—Q%3A+3A=zero

—Q%°¢D+¢&D+3A=zero

HeD+3A—e&D(¢DB)=zero

HeD=-3A+¢&D

?=1+32

gD

This regression is not governed by the positive energy
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v=
e
1+~
=
gzd_‘7:i —v' dt' d( -v'_|_ _v_2 d -7
dt dt V'2 dt dt' V'2 dt V'2
\/l ~ L\/l+2 1+
c c c
- 2 2 = 2
3=9V _ ]__V_2 _12 h_.,.%ﬂ_{;v d +V_'2
dt c (Hv'j c” dt at' c
=
12 -1
z_dv_ [ v -1 2 dv ~,l(l v'2)2 2 Z(Edv')
dt c’ (1+v‘2) c” at' 2 ¢’ ¢’ dt’
2
é:d—‘_/:: 1—V—2 -1 V'Z dV V'
dt c (1+ '2j dt' .2 dt'c
2
V2 2 e 12 | R |
5-4dV _ l—V—2 —12 1 2\/1_i__dv'\/l_’_v2_ 1 2V.dv'v2
dt c (1+v2) l+i c” dt c l+i dt'c
C c2 c2

mE= moa2: mozgz_ —m, 3[(14_ jiv'_v,dv'
1% 22 t dt
2 -2 )
c c 2
F=ma= ma___ M dv
c? c?
oM _ (1 v_j)@_ dv' 7
2 )2 c”)dt' dt'c
(sz
c
dt'
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b= [Faz=[F (-a?)- [ i)

N -t ] A T % d‘_/: - _% V'2 d‘_/:' dV \va
Ek—jF.dr—J.F .(—dr)—j\/ > dtdr—j 3L(1+?JE th' 2:|

v 2
7 1+ [
C

j—kr( d7) 21.55

1+
o2
.
Ek—J. dvv= LE}KMrV_ZJdV V'V dv'v;/} J-—dr
2\ C C
-2 e
c
.
Ek—J. monZ = o 3((1+V—2jdv F—v'dv'¥ } J-—dr
\/l v v* 5'— <
C'2 1+?
B, Imovdv movdv'B(1 v ) I—dr
1-7 v’ |2
\/ 2 (l+ 2 j
B, J-mvdv m, Vdv3 —J-—dr dE, = myvdv _ mv'dv'

N

\/_v

c |z

——mc,{l—— —mc ——+constant
/l v

2

2 -mc?
Ey=-mc>[1-L —K =constant ER=—°—£=constant
c? r v2
147
c
2 2
—mcC k > mv" k — I, C _k 2

Ep=—r———"=-mc"+ 02 —-= E.= =-mc
' r r o0
1+ 1/1+Q
c

2
v omy c© mcr
P+
H= ER2 A= kzzGMoI;lo=Gl\Zo
me mc®  mcC c
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\/1_‘72 2 g r’
C'2 1+C7
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L= 'xv——rrx{ (dff+ a9 ¢ﬂ 29 (o) r? 9P

dt' dt' dt' dt'
=P xV'=—rix—Y _ V K r+r—$)}=%r2d—¢(fxa)):r2d—¢']§
U C V c2
D=r2 i p=r290
dt' gt
dE, mvdv _ movdv3 ——fdrz%fdf‘
2 S
\/ v V'2 > r r
o2 (1+C2j
dEk:al_’l_ m, |dV': k Adr': k ~-y
dt' e, dt rFdt r
(1+sz
C
2 3:%f
S
+
C’2
- 2 2
R R E e | B e J e
2y, | | dt dt qedr de r
[-+%)
C
F'.= 3( dr d¢ d¢2 p=zero
’ 2 EL arar ae
(1+VZ)
C
N - r(d_céj sk
clat? lae r
(1+Vz)
C
2
1 |7d2r_ (d¢j . —GM, .
3 ZAEd R 2 T
2l de? T\ar r
v
%)
C
dg _ 1 dr __pdw d’r _=1°dw ¢ _21” dw
dt' r° dt' de dt?  r? d¢’ de”  r’ de
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2 _GM
1 fdw, 1) o 21.70
,2 2Ld¢ r I'
C
1Y(d%w 1) _6M
(H+Aj L4= |==x¢ 21.71
r)\d¢ r) L'
1Y dw, 1| —GM
(4302 . 1)
rAd¢” r L
HdW+H +3Adpgl+3A __—6
d¢ r d¢” r r I
2
M
d W+Hw+3A w+3Aw +G 2°:zero
dd’ I
M
H= ER2 AzGDZO =5 2 21.72
mc c I’
Hﬂﬂtf +3AdWw+3Aw +B=zero 2173
d¢’ d
_ dw_=0serlgo) d’w _~Q"coslg0) 2138

i1_1 cos
W B ED[1+8 (¢0)] g D df

D

HMQLLH L [1+$COS¢Q)]+3AM—2 L [l+£cos( )]+3A{ [1+8COS(¢Q)]} +B=zero 21.74

D

—QZH%@@+H$+H$SCOS(¢Q) 3§DA COS’§¢Q)[l+gcos(¢Q)]

o Coslé0) ;1
D gD gD D gD

34 4 3A o (po)+B=zero

82D2

+
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HEO S(¢Q) _30°acos($0) _30°acos(#Q),.., s(#0)+
D

2,7 [l+2€cos(¢Q)+gzcosz(¢Q)]+Bzzero



_QZHﬂ@+HL+Hcos(¢Q)_3QZA cos(¢Q)_3Q2Acoszzf¢Q}+
D D

2
3A 6ACOS(¢Q)+3ACOSZ(¢Q)+B=zerO
gD e D D

zHcos(¢Q)+Hcos(¢Q)_3Q2A COS(¢Q)+ 6A cos(¢Q)_

D D &D D &D D

2
_32aC0S (¢Q)+3ACOS (¢Q)+H 32A +B=zero
D? D? gD 5D

5 2
&

eD &b) D D &D

2
(—3Q2A+3A)7CZZS’ZQ) (QH+H 30°A 6A\COS¢Q)+H 1 34 [ B_ero

eD  &D) 3AD 3AeD 3A&’D° 3A
2 2 2
(l—QZ)Cossz)"‘(_QH"'i—Q 2\COS(¢Q) + 1 +£zzero 21.75
D 34 3A eD eb) D 3A8D &0 3a

0 ~1 (1 Q2)M¢szero 21.76

D’
2 2
(—QH+£_Q \COS((ﬁQ) " +£:Zero 21.77
34 34 &b gD) D 3A€D £D° 34
J—QCOS¢Q —zero—— +—21 2+£:zero
D 3AeD &°D A
2 2
coslgo srerom—9H H _O 2 _,0r0
D 34 34 &D &D
2 2
—OH H_ O .2 cero -~ 212+£zzero 21.78
34 3A &D ¢&D 3A¢D &°D° 3A
la= b=+ L _l(HJrLj [a=c]=> L+ L =_£DB 21.79
3A eD Q°\3A &D 34 &D 3A
2
0?=1 = ER2: moi -1 5DB=€DGM EDGM, _1
mc®  mc ¥  &DGM,
s i L Y B2l ey edozlilololoen
3A &D 1\3A &D &D 34 &D 3A ¢&D
[o= C]éi(iJrlj:——gDB 21.80
0°\34 &D 34
gpp=2PCM, _ eDGM, 4 21.81
¥  &DGM,
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[bzc]:L(£+;j:_i
O°\3A &D 3A

6a
&D

O*=—H-

Q:Q(H) The advance is a function of negative energy that governs the movement

= Er :_moc2:_1 _(_ )_

2 2
mc® mgcC

[a=b]= =1, 1_ 1 (=1,23 1
)( |

34 D (1_6A 34 D
D
o e =G,
moC2 C'2
A2 2
QH H Q —=ZEero

3A 3A gD &D

:>Q2 _B4 agvance
&D
=zero
e
LlZ
_H 1 \B_ero

34eD  &°D° 3A

2 2

3A8D( OH H_ O, j—zero 3A82D2(L+L ij:zero

34 3A 8D eD 34¢D &°D* 3A
—Q°HeD+HeD—Q*3A+6A=zero HeD+3A+&D(¢DB)=zero
o pp EDGM, _ eDGM, . HeD=—3A—£D

I¥  &DGM,
—~0X~3A-£D)-3A—eD—-Q?3A+6A=zero
0?3A+0°¢D—eD—(Q?3A+3A=zero
0’cD—eD+3A=zero Q221—3—A

&D
This advance is not governed by negative energy
—Q°HeD+HeD—Q?3A+6A=zero
—QX~3A-¢D)+HeD—Q?3A+6A=zero
0°3A+0°6D+HeD—Q?3A+6A=zero
O?eD+HeD+6A=zero ?=_p_0A
&D
2 2
( PR NCOS@Q) 1 +B =zero
34 3A D D) D 3aep &7 3A
2
sasp| (<L L2, 2 Jeolha), L 4B | sero
3A 3a e ep) D 3aeD £ 3A

8D(—Q2H3A8D L H3AeD (O%3AD  2.3AeD cos(#0) | H3AD? | 3A6°D? | B3A™D?

34 34 &b D 3AeD &°D? 34
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*=1-

eD(~Q?HeD+HeD—0%3A+ 6A)ﬂ¢—Qz +HeD+3A+¢eD(eDB)=zero
D

eDGM,  &DGM E —mc
gDB=""""0=""""o=] H=—E =""0=_]
¥  &DGM, mc®  mgc

gD(—QZHgD+HgD—Q23A+6A)ﬂ¢—Q)—gD+3A+gD=zero
D

(-0?HeD+HED-0?3A+6A CO§¢Q)+3—‘gzzero
&

3A
&gD

8D+H8D (1 3AJ3A+6A}COS(¢Q)+3—A:zero
&D D &D

H£D+H£D—+H8D 3A+3A3A+6A)M+3—A=zero
&D D &D

—HeD+H3A+HeD—3A+2 +6A}COS(¢Q) 3A

&D D gD

—=Zero

H3A+2 +3Aj COS(¢Q) —zero
D D

2
E, —mcC

H= =0 =—l

2
mc® mcC

(_3A+ oA° +3A\ COS(¢Q)+3—A: zero
e ) D &b

2 ( )
9A”cos ¢Q —zero cos(go 3 ——=zero
A

gD D 6‘D D

(—Q2H€D+H£D—Q23A+6Am¢—Q)+3—A=zero
D

gD

6A

g?=1-24

&gD

(1—— £D+HeD— (1 6AJ3A+6A}COS¢Q A _ero
&D D &D

H£D+H£D +H£D 3A+3A6A+6Ajcos #0) 32 _ 0ro
&D D &D

1842 +6A}COS(¢Q)+3_A

&D D &D

—HeD+HO6A+HED—-3A+

=zZero
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(H6A+ 1842 +3A\COS(¢Q)+3—A=zero
&D ) D &D

2
H:—ER :—_moc =1
2 2
mc®  mc

2
(—6A+ 184 +3AJCOS(¢Q)+3—A:zero
eD D eD

LK—%H&AZJ—CO slgo) +3—A} =zero

3A gD D gD
(_l+6_Aj COS(¢Q)+L= zZero
&D D &D

—(1—6—‘4)008 90 +Lzzero
&eD D gD

(-0?HeD+HED-0?3A+6A COS;‘éQ)ﬁ—A:zero

gD
E, -mc?
Q2:1 H: R —_ "o :—1
mc*  mc?
(eD—sD-3a+62)030) 34 _
D gD
(314)4—)008 9),3A_ sero
D gD
Q2=l_6_A Q2:1 Q2:l__A
gD &D
‘—QZJ—ECOS 90 +L|<< cos(¢o) +L|<<<<<< H—)cos 90 +L|
D gD D gD D 3A

_ecoslé0), 1

cos(¢o L1
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Energy Newtonian (Ey)

R =zero
dt r° m,r m,
dg_ L dr__,dw d’r  —I?d%w
dt r? dt d¢ dt?  r? d¢

. S-S =zero
d¢) r° myr m,
i 2F
dw | 12 ——2k2 1 T-=zero
d¢) r° mIL' r mL
i 2F
dw | 12 ——2k2 1 T-=zero
d¢) r° mIL' r mL
’ 2F
eLuA) JEEVENE 2k2 Y-=zero
d¢ mIL° mL
2E
= 2k2 y= 12
m,L m,L
2
(2] -y =zero
dg
w=LoLfi+ecos(po) dw _—0sen(¢Q)
r &D d¢ D

d _ 212 dw

dt?

[M@P{ELD[H&OS@Q)]F_X L1+ scos(@o)]-y = zero

D gD

r’ d¢

dZw _ —QPcos(¢0)
d¢? D

Q—z[l—cosz(¢Q)]+ 1 [l+2ECOS(¢Q)+820082(¢Q)]—XL—XLECOS(¢Q)—y=ZerO
D &b &D

€2D2
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g—z—Q—ZCOSZ(¢Q)+ 2D2 2(¢Q)—81D—XJ—ECOSD¢Q —y=zero
Q_2_chos2(¢Q)+ 1,2 cos(¢Q)+cos2(¢Q)_i_Xco§4¢Q!_y=Zero
D? D? gD’ &b D D? D D

Cosz(¢Q) 2cos2(¢Q)+ 2 CoS(¢Q)—XCOS(¢Q)+Q—2+L—£—_Y=ZGIO

D? D? eD D D D* &D° &D
2
@ Qz)ﬂ@ ( XJM_FQ__,_L_i_y:ZGrO
D? eD D D &D° &D
2
0 ~1 (-0?)05 W) _ o g
D2
(L_XNCOS@Q) 1 Xy zero
D D D> &°D° &D
(A_ijzem Ayl X sero
eD D? &D% &D
2k 2E)
x= 2 y= 2
m.I m,L
GM_m
2 _y=zeromx=-2=2K 1 _C%b_ EDGM,
&D eD mI? e mI

&°D? | &°D*  &°D’x

T —&’D’y=zero

&’+1-eDx—¢&’D’y=zero

2F 2FE 2¢DE
EDx=ED-% = gDx =2 & D’y =g’D*—IL = ¢g2p? N = N
eD mI? meDGM,  k
g241-2-2PEn _ 2o EN:L( 2_1)
k 2&D
1_1 2 -k
2==(1-¢ E,==£
a gD( ) ¥ 2a
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§22 Spatial deformation

t =l £>¢
7
C
t=ti+t,=—L—+-L =2L_ 1 p=2L
c—-v c+v C(l—v) c
2
2L'
L 2
t=2L_ 1l =—¢c —7=-p -2 >1L
c v 2 c
CoFTat
2 2
c 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':

d=vt=v<
c

Thus we obtain the velocity v: d'=v2L = v = Czd" .
c

Now compute to the observer O the distance d =vt between O <> (O':

d=vt :v(t:l-i-tz)zv%#2
2
c

2
Thus we obtain the velocity v: d = Vi% S>v= ﬂ(l——J .
C (l— v j 2L
2
c

The speed v is the same to both observers so we have:

2
Where applying the relation =1 1—V—2 we obtain:
o

cd' _ cd 1_12 =d=d 1_V—2 a>d
SR A E -

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

]__LZ
2
C

Ux'=zero d= <
=
CZ

d'(1+VC27)
ux'=c d= C2
-z

d,[l+ﬁ—2_‘f)}

ux'=-v d= c2

1-=

d_l—ﬂ;d_
Ux=v d'= 02
5

d(l—vgj
ux=c d'= CZ
-z

d[l—mg}
ux =zero d'= c
=
CZ

d'(1+vu'
d= <
2
1-V_
c2
d=—<

2

1-V_

CZ

d=d.1-%
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)

y=[as=[Var a7
Ids’zf(ct’)

dx=cdt' dy:ds':m
f=xi+yﬁ=ct’1?+_[ds'ﬁ F=x'it+y']
df=dxi+dyj=cdt'i+ds'] df'=dx'i+dy'J

er@ZEdX-dey

r r r
godf _dx; dvs_cdt'; ds's_ 7. .3 gr=di’ _dx'z dv's
dt' dt' dt'” dt' dt dt' dt'” dt’
ax _ . dy _ds' =v' c=vcos@ v'=vsen@
dt' dt' dt
dy ds' ,
tg(p:ﬂ:dt':dt':lds' dy:g(dy _1d (1dsj 1 d’s'
dx dx ¢ cdt dx’ dx\dx) cdt'\cdt') & de?
dt'
G=G4+ =ci F'=v'J
5-dV _dc  dv’ dé _,cro av _dv'  z_ 5
arde' de de' de' dt'

ds’ =dr.di=(dxi+dyj)fdxi+dy)=(cdt'i+ds F\cdt'i+ds' j)=dx’ +dy’ =c*dt’* +ds"

ds=+/c’dt"*+ds'” ds'=+/ds’—c*dt"
:ﬁz ( ) =Jc’+v'i >c v=ds’ - ( ) =v’-c’
dt’ dat' dt’ dat’
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K= e theoretical curve
ds
d’ 21
Y d’s
d 2 12
tg(p=§—y (p:arctgg—y d—(i: dx 2 dt
X X 1. dy 141 (ds
dx dt'
c2\de'
1d’s
2dt,2
2
de 1+l(dsj 1d’s
2 2
_4d9_dx_ — c\dt') _  fdt!
" ds ds 3
1(ds 22
1+—= 1[1ds'
i (8] [ (o)
1ds'd’s’  1sdv
ds'y _ds'dP_ .90 cfdt'dtr ¢’ dt'
dt'  dt'ds s N e >
[le ds]} (1+ 2)
co\dt’ c
el 1
SR _gd®_c’ dt god®_ cfar
ds 2\ s ANE
V' 2 2
1+ 1+
c
d 'dv' "
dEk=moV Z: MV V3: k’édrz%rdr’
1_L V,z 2 r r
o2 (l+ c2)
e e \ia
dE -~ o 2 [] AR .
k:Fr F= C di: _erdIJZkZ N
at’ 2\, r° dt' r
)
c
dE, - 0 e
K=F" .v'—mcv’dq) % '
dt’ ds r
From o299k - g0k Ly
°" ds r? ds mc’r’

116/164

21.56



§24 Variational Principle

m,c
E == -k, constant 21.21
v T
e
2 2
m,v 2 m.c
B, =——+mc?, [1-=—=2 =K, constant
l—ﬁ ¢ 1-¥Y= r
2 2
2
m_v 2 2 m,v
o — mocz,fl—V—2+k =m_c? p=d m,c?, [1-Y 0
1—V2 ¢t r dv c V2
c? o2
2
L=-m_c?, /1—V—2+k Lagrangeana.
¢t T
m0V2 2 . L .
> —L=m_c” What is the initial energy of the particle of mass mo.
\%
Ve
o o2 _ 2 m 2 [1-vi k
pv—L=m_c L=pv-mc“=-m"-,|] 2+r
c
Variational Principle
tZ
AQﬁO=S=IL[X(t),X(t),t]dt x=9X—ux This is the velocity component in x axis.

dt

4

t2
SS:SIL(X,X,t)dtzzero Variation of the action along the X axis.

t1
Building the variable X'=X+€m in the range t;<t<t, we have seen this when €—>zero=x'=x and
where £#zero we will have the conditions:

%:zero T]:T](t) n(t1 ):zero n(t2 ):zero %:zero f]:%
X'=X+en X'=X+en %:n %ﬂ'} %zzero %:zero

t2 t2
Then we have a new function I(a):JG(X+8n,)'(+sﬁ,t)dt=IF(X',X',t)dt and where:

4 t

t, t,
8zzer0—>x':x—>5('=5(—>F=L:>IF(X’,X',t)dt: J L(X,X,t)dt

t t

t2 tZ
8;tzero—)x';tx—)X'iX—)FiL:IF(x',X',t)dt;tJL(X,X,t)dt

t t

117/164



So we have I J F[X t]dt that provides derived:

81(8)_t28F(X',X' t)dx FOF(x' X t)dx
s —J pwy d J dt I ndt+_[ ndt=zero

£

d( oF d( oF aFdn OF . d[aF j d(@Fj
d(é‘x'n) dt(é‘x')n ocd o aox ) o !
OF d(6F.\ d(éF _
-[ax' dt+_[ ndt= I ndt+-[[dt[8x'n) dt(ax')n}dt—zero
OF
I dt+J.d(aX,r|j J.dt( )ndt Zero
t

OF \_0F |" _0OF aF

t,

L o o (o

1

de ox' dt\ox' ox' dt\ ox'

1

61( ) J-[ oF _d '/ oF ﬂndt ZEerO=>N#ZEro—>-— oF _d ( oF )=Z€r0

oL dfJdL
e=zero—=>x'=x—->x'=x—F= L:>8x dt(@x) Zero

/ 2
%:%(g—i) This is the X axis component L=—m002 1_:;_2"'%

o2 eviik|_dlof_ .2 fj_vi.k
mc 102+rj dt{@)'(( m,c 102+TH

ox dt dt

=Nln
Il
&=
1
2l
|
8
=}
Ol\)
T
o |<
SIS
~—

} This is the X axis component

Ok )1 O (1 (= O e L X X
axrjkax(r)k(l)r &l xo

r2 3
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Ly
Of o2 v | 21(4 Vz)Z ( 2VdV): m,v d ( -2+-2+-2)
ax( Moyl CZJ o 2( Q2 ¢? dx Gz VY

c
0 2 V2 m,v _l o2 12052 1 m,v X _ mox
8)'([ m,C 1/ czj _\,2_2(X y -tz ) x} R \/x2+y2+22J RE
-V - -V
c c c
. 1_
i myX — m, dX 1 V i 1 v? — mo [dX 1- —Xl(l szz 1( 2VdV)
dt v2 v2) dtV Xt c? Ldt\} 20 ¢ c2 dt
=z 1_ci2 - c2
c
dx [j_v2 [j_v>
d| mx | m, X (VdV __m, {t : c? 02I X (VdV)
dtf [2 (1_\,2) \/ /1_7k02 dt 2) V2 2l dt
= c? 2 c2 2
,/1 ,/
d| _MeX | M, (Vde m, f(l )dx Vdvx}
| [ 2 (1_v2) V2 1_7kc2 dt e 30T Jdt " dte?
c? ¢t | c? c? [ _Cz)

—k%i: Mo [[1 V;)x+v((1i‘t’—xz}i X axis
c

—k—;: Mo [ 1 v )y+vdV y} Y axis

—k%fi: o 3|_(1 V2)2+Vdv Z}k Z axis
EI— dt ¢?
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m, |_ v? dv x ) dv ¥+ ( j dv x =k
1 1 1 k k
SL( 2 )X1+thc 1+( yJ+Vd =+ 2 7 +Vd e r2

m, SKI Czj(xl+yj+zk)+ VdV(Xi++y3+21A<)}=;—;<f

ﬁ=if+yj+il§—((11t(x1+yj+zk (z V=Xi++yj+2zk

= m, [ &, dvv |_—k;

F= 1 =T =21.16
2 SL( )dt thcz} r?

=m0 v2\dv, dvV |_—k: _
F= L[l czjdt .thcz:l Ier 21.19

§24 Variational Principle Continuation

2 m,C
E, =m,c’, |1+ Y- =M€ _ Kk constante 21.21
c v: T
_7
2 v _m,v o2
Ey=my” [l+-5 =——=— 1—— ——+c0nstante
¢ ‘/1—— 1——

Ek—k:m0021/ 2111—————— +constante
! ‘/1—— ‘/1——

12 m,v 2
E,—X—mgc 2‘[1+—2—£:—— —m,c’ [1-Y> k= m,c?=constante
r c r l—ﬁ c r
i)
2 v'? 2 v? k m,v’
T'=myc",[1+— T=-my,",[l-+ E, =—% pV=—"—
0 2 ° 2 p 2
C C r \%
-V
o2
m v m V' 12 2
py=——=2=v=v'——2—=v'p'. p=p',/1+ p'=p,|1—5
V2 Vv2 c2 C
I—C—2 1+ .

Ep =E, +E,=T+E,=pv—(T-E,)
E, =T Ex=pv-T T=pv-T T=p'v'-T'
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L'=T'+Ep L=T-FE
Er =Ex+E,=L'=pv-L

L'=pv-L L=p'v'-L'

' 12 '
p’: d_T = i mocz 1+V_ — myVv =myv
dv'  dv'

dr'=dx'1+dy' j+dz'k =—dxi—dyj—dzk=—dr

i _dx's, dys dzp -1 (dx; dys dzj

-1 dr_

V=ar T de e ar v dt' at’ dt / dt / Vz
C2
o —dx'_ -1 dx_ TVx _ —x
ot v dt v v
c? c? c?
p'x= dr_ d 002 1+ﬁ MoX' =—mgyX Px d—T d moc2 1-Y |2 MoX =—myX'
dx' dx 2 V2 dx dx 2 V2
1+-3 1=
C C
f':x'i+y'3'+z'f<=—xf—y3’—zf<=—f 21.07
X'=—X y'=—y 7'=—7
o ¥ o,
OXx oy 0z
a—L—i(a—szzero
ox dt\ox
oL d(&_szax'éL dt’d(@_Lj: S, oL _ 0T _ . o
ox diox) axox dedelox ) L=pv-L ox ok DT Mok
ox'0L _dt'd (oL 0 (1o 1 d
L' )f——>
Ox O’ dtdt(ax) APV L) —mi)=zero
1+Y - 5
C
_ 0 (oL )Mo _d&'__ P ov' oL, Mo dX'_ o
ox' Tl yrdt T ox Tex! ex' [y dt
1+ 1+
C C
! ' 12
8p—zero N _zero L'=m,c? 1+Y-_k
ox' ¢ r
aL:: Mo dX"zzerO 2 Zf'.f'z(—f).(—f)zx'2+y'2+z'2=X2+y2+22
ox' [ y2dt
1+
C
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=Z7ero
' ' t' 3 '
ox 1+V22 e 1+
c c
m ).i' ! ','\ 'A' 1 o AV
— =—k;‘—3 —k;(—31—kry—3j—k—k——k(x i+y'j+z k)> =< rli
1+
o2
m,x {% m0y2 j+ m.z r m 32 —;—%(f"
v v' v v'
\/1+C2 \/1+<:2 \/1+c2 \/l o
m,a —__%if':%f =t o8 :_—ff =21.19
vi2 T r 1 v2 T
1+ o + o
§25 Logarithmic spiral
d W+HW+3Ad Ww+3Aw —B=zero r=e 21.37
d d¢?
1_ 1 dw _—Qsen(¢Q) d*w _~Q’cos(¢Q)
w===—[l+&cos(¢pQ)] e 5= 21.38
r eD do D do D
2
w=l=ol g2 dw _ _pea dw W —a’e
r e dé do

HaZe ™ +He *+3Aa%e % **+3A (e ] ~B=zero
Ha’e ™ +He **+3Aa’e > +3Ae***~B=zero
(1+22)He ™ +(1+a® BAe 2 —B=zero

(1-+a” BAe 2 +(1+a? JHe ™ ~B=zero

(1-+a% BAw? +(1+a? JHw—B=zero

3AW? + Hw — . B2 = 7ero
+a

—Hi\/HZ +4.3A
ad 1

B
; 1+a’) _H. 1 [42. I2AB

w=e =1 =B+ 1 g4
2.3A 6A ~ 6A (1+a2)

-




2
3A( Hjﬁz(ijL s 2AB (1 [z, 12AB ) |
6A 6A J6A 1+a’) (6A 1+a’

2
SHILH [ 12AB B e
6A  6A (1+a%) (1+a?)

HY (i)L > 12AB . 1 (2 12ABH_
3AK6A) “oa Joay +(1+aﬁ)+36A2kH Ti+a?)
“H’, H [2,12AB__ B __
6A _6A\/H (1+a2) (+a2) "

H> . —H [;;2, 12AB, 1 ({2, 12AB
3A{36A2i18A2\/H (1+a) 36A2k "+ )ﬂ
“H . H [(2,12AB__ B _
6A i6A\/H Tiva?) [ra2)

_12AB , 1 Hz 12AB
12A 6A 1+a2) 2Al  (1+a?))

-H* L 12AB — Jero
6A 6A 1+a) 1+a

H® , 1 (H2+12ABJ_H_2_ B
124 12A0  (1+a?)) 6A (1+a’

=Z€1o0

H> H>, B _H’ B
12A 12A (1+a%) 6A (1+a?)

=ZCro

§25 Logarithmic Spiral (Continuation)

_(H+A1j [6(11¢W+IJ_GE§O 21.71
r 1

2 _
H+Alj dw 1 |_ GM,
T

d¢2 r L|2
2
H+Alj dw 1| _p H=—"R_ A=SMe p=M.
r){d¢” r m,C c L'

[
[
(1:1) [_% +Bero
[

+3H2 Al Li3HA2 LAl 1j[i¢w 1J+B Ze10

I' r T

H +30°AL130A° L+ A’ L=p’ 1307AL 3HA’ L+ A L =zero
r r r r r’ r’
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(H3+3AHzlj[dW 1J+B Zero
r d¢ r

(H3+3AH2 d’ W+w +B=zero
d¢’
2 2
H3—(C11¢‘;’+H3w+3AH2C(11T‘;’w+3AH2W2+B=Zer0

21.38

dw _ —Qsen(¢Q) d’w _—Q*cos(¢Q)
[1+€cos(¢Q)] = = D

welo 1
r eD dd D d¢g’

H{—_QZC](;S(¢Q)}+H38%[1+scos(¢Q)]+3AH {—Q CI‘;S(‘I’Q)} D[l+scos((l)Q)]
+3AH> i)[lJrscos((l)Q)]}erB:zero

32C08(0Q) 3 1 31 Q*cos(9Q) Q*cos(9Q)
H’Q B +H 8D+H 8D800S(¢Q)+3AH [ 5 LD+3AH [ 5 L £cos(¢Q)+

+ 3AH2{ 2})2 [1 +2¢ecos(¢pQ)+ €2 cos? (¢Q)]} +B=zero
€

_HQ? COS]()d)Q) H® |, 3cos(9Q) 3AH’Q COSI(;bQ) 3AH2Q’ COSD(d)Q)

eD D eD

3AH [1+28C05(¢Q)+8 cosz(¢Q)]+B zZero
g’

_HQ? COS]()d)Q) H® | 3cos(9Q) 3AH’Q COSI(;bQ) 3AH2Q’ COSD(d)Q)

eD D eD

3AH2 3AH 28COS(¢Q)+3AH € C052(¢Q)+B 7Zero
e’D e’D?

iiQreodQ) K pys coshQ) IAI'Q? c0s4Q) 3,22 c08(0Q),
D D D eD D D
3A§22 6A]§I2 cos]()(bQ) A2 <08’ (0Q) cosz(tbQ) - Bezero
€ €

~H'Q?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), 3AHcos’(9Q), B
3AH?¢’D? 3AH?’:D D 3AH2 D? 3AH?

=Z€10

-HQ’ COS(d)Q)  H cos(¢Q) Q7 cos(¢Q) _Q2oos (d)Q)
3A D 3A8D 3A° D eD D D?
1, 2c0s(¢Q), cos’(4Q), B _

82D2 eD D D? 3AH2
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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

L20c849Q H . 1 . B
SD D 3A8D ¢’D? 3AH?

=Z€10

=Z€ro

(1-Q? oS 6Q) [ HQ* H Q, 2)cos(¢kQ, H , 1 , B
D2 3A ' 3A &D D ¢eD) D 3A8D ¢’D’ 3AH>

_ 2
Er —-my _ szl—%

mc2 m,c2 eD

H_

=Z€ro

(1_Q2)COS2(¢Q)+[_(—1)Q2+(—1)_Q p2feostdQ), €D 1, B

D> 3A  3A D D) D "3AeD | o2p? 3A(=1)
2\cos’(9Q) (Q° | L2 2 Jeos(dQ) | 1 B
(1—Q IR et +— 5+ -=zero
D 3A 3A sD "D D) D  3AsD D’ 3A
2\cos”(9Q) (Q 1 2 Jeos(¢Q) 1 1 DB
(1—Q D e t— 5t & =Zero
D 3A 3A sD ) D) D  3AeD D’ 3AeD
aDB:SDGiVI%l
L'
2\os”(9Q) [ Q° Q" . 2 |eos(¢Q)
(1—Q S+ ——L——+L 1 + 212+ 1 =zero
D 3A° 3A eD €D D 3AeD ¢"D° 3AeD
2\eos”(9Q) [ Q° Q" 2 \eos(¢Q)
(l—Q S+ X1 X2 + 21 S =Zero
D 3A 3A eD €D D e D
2 . 6A
=1-8%4
Q eD

o8-8 o)

5 e =zero

(1 I+ 6A)COS (4Q) , ( L6A_1 1 16A, 2\c0s(9Q) 1
3A° 3AeD 3A sD eD eD sD) D SDZ

eD D
[ jCOS ((I)Q) ( 2, 1 \COS((I)Q) l__ero
D ])2 eD € D SD) D € ])2

=ZCro

(6A)($)M+(_ 1, 6A |eos(9Q), 1

D’ eD ¢’p>) D 8D2
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NP () 5 )

cos” (§Q)_ (_;, 6A \cos($Q)
(6A) D’ +( sD) D sD

=Z€1o0

costg) (5" (105 -aon )

D 2.6A
2
64) \/ " 4-1)6A 4 6A )20
1- /(1) +2(-1 + -
COS(¢Q):( eD 7+ )SD eD/) €D
D 12A
( 6A) \/1 12A (6Aj2_24A
COS(¢Q) eD eD eD
D 12A
6A 36A, 36A”
1= +, 1= 2.2
cos(¢Q) _ eD e D
D 12A
(1_6Aji\/1 36A 36A
cos(¢Q) \ D eD  ¢2p?
D 12A
2
1_36A . 36A ~ [1_36A 36A° < ero A= OM,
eD  ¢’p? eD D’ c?
2 -11 30 2
36A 36 (GM j _ 36 [6,67.10 1,989.10" | _5 o o
D) (55429556007 | 9070245810 ] |
( _6Aj_ [|_36A
cos(¢Q) _ eD
D 12A
_@ _36A {_6A({_136A) {_6A_.({_I8A
+ /1 1-08 41— 1-984(1
cos(¢Q) _ eD __eD \ 2¢D/)__ €D eD
D 12A 12A 12A
6A _18A) |_6A _{,I18A 12A
1- 1 1 1+
COS(¢Q) eD/__ €D eD _eD _ 1
D 12A 12A 12A €D
——COS(¢Q)+L=zero

D eD
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6A _, _cos(¢Q)

Zero<r <o—>M,#zero—>Q=,[1- ——=2Zero
(4Q) Q D = SD
( Q2 cos (2¢Q) __L__ 2 \COS(d)Q) 1 ~=7ero
D 3A 3A D D) D p
r=0—->M,=zero—>Q=1 Q:,/l—%: -6 G—l\fo = 1--& G(ziro) =1
eD eD\ ¢ eD c
2
(1-1)%°8 (2¢Q) +( 111, 2)cos(9Q) 1 zero
3A 3A aD o) D " Ip
(L Yeos0Q), 1 _ o cos@Q), 1 _
¢eD) D 2p> D gD
r=0—>M,=zero>Q=1->w= 1 :L[Hscos(d)Q)] COS(d)Q) ——=2zero
r=o0 €D D
The presence of Q in the formula T =1($pQ) S - D , allows it to also describe a spiral.
1+&cos(dQ)
£ GraphFunc Onli C=nrey X

Math Utilities  Help

M) = [3/(1+0.2*cos(0.02t
(=
3=
ré(t) =
5() =
Xmin Xmax Ymin Ymax
Wb @+
m.’_’w_ﬂ
To [s0%pi

S t= [ Calc

= Calc

'(x) = First Derivative of f(x)
" (x)= Second Derivative of f(x)

fom|  To |
Find Area_| 0
Arc Length | 0
Tangent
Zoomin_ | Zoomout | _ Reset
Developed by T.V
A gt s cacicated 1o stucents &

?
’) q GraphFunc ... )>< Qj:j

(¢Q)[ | 2 Jeos(9Q), 1

3A 3A eD gD} D p?

h_12A
eD

1—

zero<r(pQ)<wo—>M, #zero—>Q=

2

eD
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1_12A—‘ , C (1-12A (1_12A _‘
| __eD [|co(@Q) | 1| eD |1 _ 1| &D |, 2 |cosdQ) 1
1_6AJ D2 3A| 1-0A | 3A aDL1_6A aDJ D &
L eD L eD eD

=Z€10

|c0s*(4Q) [ 1 (1 12A)_ 1 (1_6A)__1(; 12A). 2(, 6A)—|005(¢Q), e 6A):Zer0

[1_6A_(4 12A) 1 .
U eD U e/l D2 13AU &) 3A\U eD/) D\ eD) DU D/l D £2D2\ eD

(1 6A_1,12AYc08(0Q) (1 1124 1 16A_1 , 1 12A, 2 2 6AY0s0Q), 1 _ 1 6A_,.
eD eD/) D2 \3A 3AeD 3A 3AeD eD eDeD €D eDeD) D  £2D? £2D?eD

(@\cosz(dﬁ){ 1YeosdQ), 1 1 6A_,e
eD) D? ¢eD) D D gD’eD

_(_1)i \/( 1]2_46A( 11 6A)
COS((I)Q): eD eD eD\e2D? &2D? eD
D 76A

eD

1+\/ 1 _24A( 11 6A)

cos(¢Q) _eD Ve2D?2  ¢D \g2D? g2D2eD
D 12A
eD

1+\/ 1 _24A 1 ,24A 1 6A

cosd9Q) _eD Ve2D?  ¢D £2D? gD e2D2eD
D 12A
eD

1 . 1 [|_24A 24A6A

cos(dQ)_eD” eD eD €D eD

D 12A
eD
141 \/1_212A+M4A2
COS(¢Q)= eD €D eD  &D?
D 12A
eD

SRS [1—12AJ2
cos(0Q) _eD” eD eD
12A

D 12A
eD
1i1(1_12Aj
cos(¢Q) —eD €D eD
D 12A
eD

li(l_ B 12Aj
COS(¢Q)= eD \eD €D ¢D
D 12A

eD
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1_(1_112Aj
COS((I)Q): eD \eD €D €D
D 12A
eD

11,1124

COS((I)Q): eD _eD €D gD

D 12A
eD

1 12A

CO§(¢Q) _eD D

D 12A
eD

cos(¢dQ)_ 1
D eD

_M)_FL: 7Zero

D eD

h-12A
zero<r(¢pQ)<oo—M,#zero—>Q= eD _, cos($Q) +-=zero

1—6A D eD
eD
1-12A oM
2 eD 6A 2_ 6A o]
= ~1 =12 A=
Q 1_6A eD Q eD c?
eD

eD=a(l-£2)=57.909.227.0000001 —(020563593 |=55.460.469.56840

_GM, _6,6740831.10-".1,9891.10%

A =1.477,089.535.42
2 (2.99792458.108f
1-12A

Q= [—=2D -0,999.999.920.1 Q= /1-A -0,999.999.920.1
1_6A eD

eD

1,276.789.102.53*

1.296.000,00

$.Q=1.296.000,00=¢= Q<1 Advance Q>1 Regression

Adp= (é—ljl .296.000,00 Adp>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"

=
[\ €D

N=100.PT _j00365:256.363.004
‘PM

87,969

=415,210.316.139

> Ap=AGN=0,103.549.893.544 x 415210.316.139=42,994.984.034.7"

> Ad=AGN=0,103.549.876.997 x 415210.316.139=42994.977.164.2"

By definition g>7Zero

zero<r(¢pQ)<wo—>M, #zero—>Q=

o) 1 coddQ), 1
D eD cos(dQ) D eD
Se If Q=1

[Szcosé—n)H‘e’:ch@)}

Energy Newtonian (Ey)

2\cos” (6Q) 2 \eos(9Q) Q| | X _y—
Q7o [ e Lo Xy e

r=0—Q=1->w =$=SLD[H-SCOS@)Q)]:w-FSLD:ZGI‘O

2
e G (N L N T S
( Q eD eD eD D) D* &D* D Y

2
1—2(1)X+2+Q:1 X _y=zero
( Q D) D 2D D y

2

e’D? €D

1 Q@  x. 2
82D2 82D2 eD 82D2

Q1 _
Tt 87]() y=2z€ro
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+ + =ZCro =
82D2 D? szD2 eD ) Q

1 | 1 | 4 2x
gD’ D? ¢’D’ ¢D

y=2z€ero

202 22 4212 2012
82D2 x ]2 } 482 D2 2xe D°_o2p2y —zero
eD” D eD eD
—1+82+4—2X8D—82D2y226r0
x=—2 y=2Ex 1’=eDGM 1_=1(2)
eD m,L a eD
—1+82+4—2%8D—82D2y=26r0 —l+82—82D2y=zero
&
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§26 Advancement of the Periélio of Mercury of 42,99 "

Supposing ux=v

(2.3) u'x'= u>2<—v = V;V =u'x'=zero
\/1+vz_2vz,zzx \/1+Y/2_2V2V
c c c c
ux=v Uux'=zero

(1.17) dt'= M—dt,/ VY = ,/1——

o2
(1.22) dt= dt'\/1+ VU G it 2+m:>dt a1+

(e} (e}

2
dt'=dt 1-2 dt=dt' [1+ —2
C

c c
1
V:L V‘ZL
V" v’
1+7 1-7
c c
dt >dt' v<v' vdt =v'dt'
N — — N —
(1.33) ¥ = - = - = V=
) | PO g | ¥ 1 ]
\/1+"2+2VL§X \/1+Vz+2v20 1+75
c c c c c
(1.34) ¥'= —V = v = —V
\/1+ v _2vux \/l+ v’ _2vv \/1_V2
2 2 2 2 2
c c c c c
- = — v
v= —vV'=
v* v’
:I.'|'72 1_ 5
c c
F=rf=-f' Pl=-rf=-f ==z
dr=drr+rdr=—dr' dr'=—drr—rdr=—-dr
rdr=drrr+rrdr=dr rdrf'=—drrr—rrdr=—-dr
dr_drr)_d deg » ’ d¢ ’
V= L —rf+r—¢ V2:Y7Y7:(£) +(r_)
dt dt dt dt dt dt

gz ost)_(dr;, o4}

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
E,=-mc’ 1—V—2——:constante E,=——=2———==constante 21.58
¢ r vo r
1+
c
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2 12 _ 2
p=__MCc k_ 2. _k E mc ﬁ——m 2
1+75 1+
c c
- E
1 - R —+ k2 1
V' mc mc’r
\/“ 7
=_tr A__k _GMm, _GM
moc2 moc2 moc2 2
3
N ___L_?=4?+A;)
V' r 2o r
1+ (ij
C C2

L'=7'xv'= —rfx{—(dr f+rd—¢¢;ﬂ :rzd—¢(fx¢?): r2d—¢]<;
t'

dat' dt' d dt'
L'=F'%y'=—Fx —V 2=rf>< 1 2|_(ﬂf+rd—¢ Aﬂ:;er_¢(fx¢f):r2d_¢]§
\/1_v \/1_VL de dt |_v’ dt dt'
2 2 2
c c c
f':r2d—¢]§:L']§ L':r2d—¢
dt' das
dE, = mvdv =TV dv'3 ——fdr—%rdr
\/1_‘72 1 e T r
¢ (e
dEk =F'¥'= m Vldv' _ﬁfdr ﬁf*'
dt' 2y, de rfar
2 3:%f
S r

= m
F'= 02 3
v )2
(1+ C2)
Fvv — — I,

_|d’r_ (dé drd¢g _d¢ k2
{Lw2 (dt’)}: (dt‘dt‘ dt'2j¢} r’

(2 dr d¢ ¢j¢ Zero

(1+V' f\ arae g’
C
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d’r _—1¥dw
dt” r’ d¢’

4w 11 B=zero
r

§25 Logarithmic Spiral continued
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(H +3H2AL3HA2 L 1A 1)(‘1 W 1J+B Zero

r r’ )\ dp? ot
H +30°AL130A° L+ A’ L=p’ 1307AL 3HA’ L+ A L =zero
r r r r r r
(H3+3AHzlj[d Wy 1J+B Zero
r d¢ r
3 2 d*w
(H +3AH"w W +B=zero
d¢
3d’w 3 2d’w 2.2
H —2+H w+3AH —2W+3AH w”+B=zero
do do
1_1 dw _ —Qsen(¢Q) d>w_—Q’cos(¢Q)
w===—/1+&cos(¢Q)] o o= 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 =$[l +ecos(¢pQ)]=zero=>ecos(9Q)=-1 ((1124? =9 Clgs(d)Q) = _Q28:I(;5(¢Q) =8Q_];

2 2
H3—‘(11¢‘;’ +H3w+3AH“(‘1TV2Vw+3AH2w2+B=zero

dw_Q°

E _—m, c2
W =Zero === H=—R
d¢” €D 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=oc0 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+Tc) that replaced in the equation scos(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(¢pQ+m)=—cos(¢pQ) g[~cos(¢pQ)]=-1 gcos(dQ)=1
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wolo 1 _2 dPw _—Q’cos(¢Q) _ —Q’ecos(9Q) _-Q’
r €D [1+800S(¢Q)] ( +l)= eD d¢’ D eD eD
w=2_ dz_W:__Q2 H= Eg - —m,C? =1
<D d¢2 eD myc2 m,c?

2 2
H3—‘(11¢‘;’ +H3w+3AH“(‘1TV2VW+3AH2w2+B=zero

(- 1)( j+( 1)( )+3A( 1)( Dz)[8%)+3A(—1)2(8%)2+B:zer0
(MG A(Z)E) ) o

2
Q_2 3AQ 2 +3A 4 +B Z€ero
eD €D eDeD D’

Q 2 6AQ +12A

S >+B=zero
eD eD D’ 8 D’
SDQ —k—D—%+ eDl 2A +eDB=zero eDB= SDG?/IO = eDGM, =1
eD €D eD gD’ L' eDGM |
Q2—2—6AQ +12A 1 1=7ero
eD eD
2
Qz—l—&+—12A =zero
eD €D
) 1-12A
Q2_6AQ _1_12A sz eD
eD eD 1—6A
eD

Applying the results of the second hypothesis in the differential equation:

2 2
H3—‘(11 w +H3w+3AH2‘3—‘;"w+3AH2w2 +B=zero

[1+ecos(¢Q)] dw _—Qsen(¢Q) d*w _~Q”cos(¢Q)

1 = 21.38
eD dé D d¢y’ D

W:lz
T

H3{_Q2 C](;S(¢Q):|+H38%[1+SCOS(¢Q)]+3AH |:Q+S(¢Q):| D[1+gc()s((l)Q)]

+3AH? %[lJrscos((I)Q)]}z +B=zero
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372908(0Q) , 113 1 143 1 2| Q% cos(¢Q)
~H%Q b — T H—+H Dscos((I)Q)+3AH[ o }

L +3AH2|: Q COS(¢Q):| ecos(9Q)+

eD D

+3AH? { 2]1)2 [1 +2ec0s(¢Q)+ &2 cos? (¢Q)]} +B=zero
€

g eos#Q) HE s cos(9Q) 3AHQ” cos<¢Q) a2 eS (6Q)
D sD D eD D?

3AH [1+2800S(¢Q)+8 cosz((l)Q)]+B Zero
g’

_HQ? cos](;bQ) B pC0s(0Q) 3AH’Q? COS(¢Q) 3AHEQ? cosD(¢Q)

eD D eD

3AH2 3AH 28COS(¢Q)+3AH € C052(¢Q)+B 7Zero
e’D e’D?

Q2 eosléQ) cos(¢Q) , H? , ;y3cos(¢Q) 3AH’Q’ COS((I)Q) _3APQR ooy 9Q) “(4Q),
D aD D eD D’

3A§22 6A]§I2 cos]()(bQ) 3Af2 08 (9Q) (¢Q) +Bezero

& €

~H'Q?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),3AHcos’(9Q), B

T =Z7ZCro
3AH?¢’D? 3AH?:D D 3AH2 D? 3AH2
~HQ’ cos(¢Q) , | H cos(9Q) Q* cos(¢Q) Q? cos’ (9Q)
3A D 3A8D 3A° D eD D D?
1, 2008(¢Q) cos’(9Q), B _ .
2 2 2 2
D D D D 3AH

cos’ (¢Q) _Q? cos’(¢Q) HQ’ cos(¢Q) . H cos(¢Q) Q’ cos(¢Q) .
D? D2 3A° D 3A D eD D

L2c849Q H . 1 . B
SD D 3A8D ¢’D? 3AH?

=Z€10

2
(1-Q? ) (2¢Q) HQ’ , u Q' 2 |cos(9Q), vl B e
D 3A 3A ¢D D) D 3A8D ¢’D® 3AH
H= Ex :—moc2 —1

myc2 myc?

Q7)o @Q),[CDQ" €D Q° 2 JeosQ), (D, 1 B,
I 3A 3A D D) D "3AeD " ¢2p? 3A(-1)°
2 c0s2(¢Q) Q2 1 2 \COS(d)Q) 1 1 B _
e e e
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(1-q?)es ((I)Q) Q 1 Q2 Jeos0Q) 1 1, DB _ o
D> 3A 3A D eD) D 3AeD D’ 3AeD
DB— sDc:Iivlo _eDGM, _
L eDGM
2 2 2
(1—Q2 cos (d)Q)Jr Q_ 1. Q. 2 cos(¢Q) 1 L1 L ero
D> 3A 3A eD D) D 3AeD ’p? 3AeD
2 2 2
(1—Q2 cos (d)Q)Jr Q_ 1. .Q 2 COS(<I>Q)Jr 1 ero
D> 3A 3A eD eD| D 2 D2
h_12A
zero<r(¢Q)<oo—>MO¢zero—>Q:—8D
_6A
eD
1— 12A"| [ (1-12A (1_@ W
- cos’@Q) .| 1| eD | 1 _ 1| eD |, 2 |cos(¢Q)
1-6A || D2 [3A] 1-6A | 3A 8DL1_6A SDJ D D2
L eD L eD eD
[1_6A_{(; 12Aj-|0052(¢Q) e (1 12Aj 1(; 6Aj 1(; 12A)= 2(; 6A)1005(¢Q)
L eD U /)] D2 [3A0 D)/ 3Al eD\U eD/) eD\ eD/] D  &D2\
(1 6A _1,12A)c0s*(4Q) [ 1 I2A_ 1, 16A 1, 1124, 2 2 6A)cos(9Q),
eD eD/) D> \3A 3AeD 3A 3AeD ¢D eDeD eD eDeD) D ¢2D? ¢2D?eD
(@\cosz(d)Q) +( 1 \cos4Q) L 6A _ero
eD) D2 ¢eD) D e2D? D% eD
2
(L) \/(_q N ——
cos(9Q)_ \ &D eD) _eD\2D? ¢2D?eD
D 20A
eD

1 1 24A1 1 1 6A
cos($Q)_eD ( )

D2 eD \g2D? g2D?eD
D 12A
eD
\/ _24A 1 [24A 1 6A
COS(¢Q) aD e2D? eD €D* ¢D £D*eD
D 12A
eD
141 j_24A | 24A 6A
COS@QZZSD eD eD eD eD
D 12A

eD
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cos(¢Q) _ D™ eD eD  gD?
D 12A

eD

1 4 1 [j_pl2A  144A2

1yl (1_12AJ2
COS((I)Q):aD eD eD
12A

D 1A
eD
1+1(1_12Aj
cos(¢Q) _eD €D eD
D 12A
eD
1+(1_112Aj
COS((I)Q): eD \eD €D €D
D 12A
eD

1_(1_112Aj
COS((I)Q): eD \eD €D eD

D 12A
eD
11, 112A
cos(¢Q) _e¢D eD ¢D ¢D
D 12A
eD
1 12A
COS(¢Q)= eD €D
D 12A
eD
coslpQ)_ |
D eD

Where applying the result of the second hypothesis scos(¢Q)=1:>cos(d)Q)=l:
g

11_1
eD ¢D

That it is an identity demonstrating that the result of the second hypothesis is correct.

_12A oM
2 eD 6A 2_ 6A o]
= ~1 _1-6A a=M,
Q 1_6A eD Q eD c?
eD

eD=a(l-£2)=57.909.227.00000] - (020563593’]=55.460.469.56840

_GM, _ 6,6740831.10-11.1,9891.10%
c? (299792458.108)

A =1.477,089.535.42
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_12A

eD _
Z6A 0,999.999.920.1

eD

1,276.789.102.53™

$.Q=1.296.000,00=> =

Ap= é—lj1.296.000,00

1.296.000,00

Q= 1—% ~0.999.999.920.1

€

Q<1 Advance

Ad>zero Advance

Adp= 1 —111.296.00000=0,103.549.893.544"
1_12A )2
eD
1—6A
eD
Adp= %—1 1.296.000,00=0,103.549.876.997"

5]
|\ €D

N=100PT _00365:256.363.004
"PM

87,969

=415,210.316.139

Q>1 Retrocess

Ad<zero Retrocess

> Ad=AGN=0,103.549.893.544 x 415210.316.139=42,994.984.034.7"

> Ap=AGN=0103.549.876.997 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
cos2(¢Q) Q2c052(¢Q) 2 cos(¢Q)_XCOS(¢Q)+Q_2+ 1 X _yzero
D? edD D D D?> &D° &D
)cos §¢Q[ cos(@Q) Q2 1 X _
(l 0? o (ED j D2 207 —E—y—zero
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Newtonian Energy Ey

5 2
(1—Q2 )cos (2¢Q)+(X_é)COS((IJQ)_,_Q_Z_,_%_L—y:zero

D D D° ¢&D” €D

N _1 1 _cos(¢Q), 1 _
r=0—>Q=1->w —_— 8D[l+8cos((1)Q)] D +8D Z€ero

2
1- ZI—L)(—L)+(X 2 )( 1 j+Q L X _y—zero
( Q eD eD eD eD) D?* &D? €D Y

2
1—2(1)X=2=Q=1 X _y=zero
( Q D) D €D’ D y

2

’D? €D

1 Q@ x. 2 Q@ 1

T T T =Z€C1ro
D’ &D’ D D' D’ &D’ D
Q. Q' 4 2 2
+=+ =Zero =1
gD’ D? ¢D? D Y Q
1 .1, 4 2x . _
| . =Z€ero
2D D &D° €D y
22 22 22 22
82D2+812 +4?§Dz 2xe’ D°_ 22y —zero
gD D D eD
—1+82+4—2an—82D2y=zero
eD m,L a eD
—1+82+4—2%8D—82D2y:zer0 —1+82—82D2y=ZGI‘O
€
—1+82—82D2£N2=Z6r0 —1+82—82D2A:zer0
m,L m,eDGM
e —eD—2EN jero L(‘82—1}215—1\‘
M, m, eD k
B =k
N 2a
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§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\;[° B= GM, , more w = %

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[Hecos(d)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¢‘;’ +H3w+3AH2‘;T‘§w+3AH2w2+B=zero

21.38

11 dw _ —Qsen(¢Q) d’w _—Q’cos(¢Q)
W= T opl reeos@Q)] do D d’ 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, py2| ~QCcos(¢Q) | 1
H°Q D +H 8D+H 8Dsc0s((|)Q)+3AH { o L‘D+3AH { O LDscos(d)Q)+

+3AH? { 2]1)2 [1 +2ec0s(¢Q)+ &2 cos? (d)Q)]} +B=zero
€

145/164



_HQ? cos]()tbQ) H, 3 00s(9Q) 3AH’Q? COS(¢Q) AR’ cosD(¢Q)

3AH

eD

D eD

[1+2800S(¢Q)+8 cosz((l)Q)]+B Zero

_H3Q2 COS]()(I)Q)+H_3+H3 COS((I)Q)_ 3AH2Q2 COSS)Q)_3AH2Q2 COS;(;I)Q)+

3AH
&’D?

eD
3AH?
+=2222_2ecos +

D eD

3AH?

g”cos® (¢Q)+B=zero

HQ? cos](j»cz)+ H? , p3008(¢Q) 3AHQ’ cos]()¢Q)_3 AHQ? cos;(;bcz)+

eD

D eD

+B=zero

L 3AH? | 6AH? c0s(9Q) , 5, 112 c0s*(¢Q) cosz(ch)
D

gD? D

~H'Q?cos(¢Q),  H® , H® cos(¢Q) 3AH’Q’ cos(¢Q) 3AH’Q” cos’(¢Q)
3AH> D 3AH28D 3AH> D 3AH’¢D D 3AH? D?
. 3AH’ |, 6AH? cos(¢Q),3AH2cos’(9Q), B _ .
3AH%¢’D? 3AH’D D 3AH2 D? 3AH2
-HQ’ COS(¢Q) L H cos(¢Q) Q’ cos(¢Q) _Q? cosz(¢Q)
3A D 3A8D 3A° D eD D D?
1,2 COS(ch) cosz((bQ) B _ o
82D2 eD D D? 3AH2
cos’(¢Q) _Q? cos’(¢Q) HQ’ COS(d)Q) H cos(¢9Q) Q° COS(d)Q)
D? D2 3A° D 3A D gD D
L2 cos(9Q) . D :
SD D 3A8D g’D? 3AH?
(1 Q?) 2)\COS (¢Q) ( HQ’ LH _Q2 NCOS(d)Q) L1 B _,0o
D2 3A 3A D D) D 3A8D ¢’D> 3AH?
H= Er _-—myc? —1
m, c2 m,c?
Q2)esQ),[ DO (D Q" 2 Jeos®Q), D, 1 B .,
7 p? 3 3A D D) D "3AeD | 2p? 3A(=1)?
(1 Q’ cos” (¢Q) Q_Z_L_Q_2 2 leos(9Q) 1 D D : R,
D> 3A 3A eD eD) D 3AeD  ’p?
(1 Q’ cos’ (¢Q) Q_2 1 _Q_2 2 lcos(9Q) 1 .1 DB __ .
D> 3A 3A ¢D eD) D 3AeD ¢*p? 3AeD
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eDGM, _eDGM, _,

eDB= = =
L?  e¢DGM,
2 2 2
o) Q) [Q 1 Q7 2 leosb®) 1, 1, 1.,
D 3A 3A ¢D ¢D) D 3AeD ¢’p’ 3AeD
—_— =Zero 27.3

(% cos (9Q),(Q° 1 Q" 2 |eos4Q), 1
3A 3A ¢D D) D ¢’p’

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 = oo, 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:

2 2 2
cos“(¢1) (1 1 1 2)(:05(@1) + 1

12y v, (o < =
(1 1 ) D2 34 3A &D €D D £2p? zero.
1 -1
cos(@) + — = zero £ = 274
D &D cos(9)

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 -1 _cos(@ 1 _
== [1+ ecos(BQ)] = > [1+ ecos(@1)] = +— = zero 27.5

w =
D

r=o00
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 = “—=
20052(¢Q)+[Q2 1_Q°, 2 |eos(9Q), 1

in 27.3 we have:

=Z€ero 27.3

N Ew e I op

1_%—| [ (1-12A (1_% —|

1| __eD [|c0s@Q) | 1| eD | 1 _1|_ D |, 2 |c0s(0Q) 1 _ ..
1-6A || D2 [3A[ 1-6A | 3A SDL1—6A SDJ D D2

L eD L eD eD

[1_6A _(1_12A|cos*(@Q) [ 1 ({_12A)__1 (]_6A)__1 (;_12A), 2 (;_6A[cos®Q), 1 (] 6A)_,ero
o\ ngJ D2 T_3A(1 ng Al sDj D\ gD)'gDKl sD)J b ep ng_

(1 6A 1+12A\0082(¢Q)+(1 LI2A_ 1, 16A 1, 112A, 2 26AY Q) , 1 1 6A_,..

eD eD/) D2 3A 3A eD 3A 3AgD gD gD eD eD eDsD) D D2 £2D2eD

(641008600 (L ooto0) L1 r
eD) D2 eD) D e?D? &D?eD
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_(_1)i \/(_ljz_46A( 1 6A)
COS((I)Q): eD eD eD\e2D? &2D? eD
D 76A
eD
i\/ 1 _24A[ 11 6A)
COS(¢Q): eD Ve2D?  eD \eg2D? £2D?eD
D 12A
eD
\/ _24A 1 [24A 1 6A
COS(¢Q) aD e2D?* eD £D?* eD eD?eD
D 12A
eD
14 1 j_24A [ 24A6A
cos(¢Q) _ eD” eD eD €D €D
D 12A
eD
1 12A | 144A2
Bl | B
cos(¢Q) _ gD eD eD  gD?
D 12A
eD
2
141 (1_12Aj
COS((I)Q):aD eD eD
D 12A
eD
1i1(1_12Aj
COS((I)Q): eD €D eD
D 12A
eD
1y (1 _112Aj
COS((I)Q) eD \eD €D eD
D 12A
eD
1_(1_112Aj
COS((I)Q): eD \eD €D €D
D 12A
eD
11, 112A
cos(¢Q) _ ¢D “eD ' eD eD
D 12A
eD
1 12A
COS(¢Q) eD €D
D 12A
eD
cos§Q)_ |
D eD
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50D 4 2 = sero £=— 27.6
D &D cos(9Q)
In the theory of conic for hyperbole we have ¢ = 2 equating to 27.6 we have ¢ = C; = COSEQQ) This results

a = c.cos(PQ)) 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
/1_Z_j /1+Vc;22=1 21.03

V= —— v=— — 21.04
1-% 1+Vc—2

dt > dt’ v >v vdt = v'dt’ 21.05

t=rt dr = drt + rdf 7.dt = drtx + . 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 ¥ = 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 _df 1 _ ¥ v_d?_d?dtl_d?l_ v
Tat T dtdv | dt 9 T vZ 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.
dtr dt 2 dtr? dtr? dts + dtr dtr + 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
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1 d’w | 1 k k
(- i
5 \do r moL mec

150/164

d da drd d?
—:—(r2—®)=2 r(2)+2 v
dt dt

dt dt

d?r _
dt?

myL?
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28.08

28.09
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2
> m,c2.This causes

-z
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(34 3AQ )— 1-0 340 > + 5 + s + 25z B = zero
(ﬁ_ 3AQZ) cos?(0Q) (i _ Q_2 _ 3AQ2i 6A )cos((DQ) I 1 34 DB _ Zero
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cos(¢Q) —1+(1+ﬁ)
D 12
cos((Z)Q) —1+1+LA _ i
D 124 &b
1
os@e) _ L £ — = zero 28.15
D &D cos(9Q)
For hyperbole eccentricity (¢) is defined as € = (QQ) where (@) is the angle of the asymptote.
Advance of the Periellium Q<1
’ vr2 ’ v2 ’
dt =dt 1+C—2 dt’' = dt 1—C—2 dt > dt
% vr2
1 - 1 C_Z = 1
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1+VC—2
Fo el _ o Mo 3[(1+g)d_v'_vfﬂv_z' 28.16
1_v_ wI\Z [« dt dt c
[« (1+c_2>
_ = 5 —>, = k A -
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C
d d k 2 o d d k
Ek=fmovvzfmow V;:f——zdr dEk=F’.dT'=_m0VV=—mOV, V;———zdr 2817
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1 Kk 1\3 1\3
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In this second variant relativistic kinetic energy is smaller than inertial energy c2.This causes the

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’
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1+—)
2
[
2 32 2
1 L'“d w+r(Lr) _ k1
( vz % r2 dp? r2 - mg 12
1+—)
2
[
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d3?w d?w1
W— 3Ad__+__ 3A——B = Zero
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¢ Q )= 34 + 34 Q eD + eD D 3Ae €2D2 ' eD3A zero
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For hyperbole eccentricity (¢) is defined as € =

(@Q)
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where (@) is the angle of the asymptote.
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The movements of the ellipses will focus F '(left) on the origin of the frame.
All elli re d ribed by th tion r = r(t) = &D _a(1-¢2) _ 5(1-082)
ellipses are described by the equation r =r(t) = =~ = "~ = ="~

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 = —k% we get:

e @ k 1 1
En = —k“— = (=) (Z) = EpnCy Cr =2 k>zero
a=zero > Cy=1-Ey=Ey r = oo - Ey = zero
dE d dr dr
p —1,—ar -1-1 —ar -1),—ar
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e—ar e—ar e—ar e—ar
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T r r T
F=- ddirp? = -k (e;z +a e_r )? Attractive force
m3 = mya me, dv
1—@ fl_z_i dt

F=md =% Mo V!

First variant.
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k>zero

a = zero
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zero = [(1 +aw™1) + (w + a)Ae“"“"’_l]Be“’“"’_1
(1+aw™1) + (w+a)Ae™W ' = zero w= % = Qcos(0) r=wl= Qcols(Q))
[1 + Qcoi(@)] + [Qcos(@) + a]Ae™" " = zero
Qcos(@) (1 + Qcoi((z))) + 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‘aW_l) +1+ 2ahe=aw ! + a2A2¢-2a ! _ 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
Qcos(g) = —LraA —aw g apemaw ! _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

161/164




= dE
F=—Spp-_Xp
r r2
Yukawa potential energy E,y
e ar —1,—ar
Epy = —k— = —kr e k>zero
dE

dEp _ d  y . -1.-ary _
dr dr( kre )

—k{[(—l)r_l_1 %] e 3 4+ (r'1)e? (—a%)}

dE, d . 2 1 o 1 e @ e ar
———( kr ar) = —k(-r M—are™) =k(r e +are) =k|(—+a
dr r r
dE, d( ke“'") k(e‘a 4 e‘ar)
dr ~ dr r /) r2 a r
e—ar
E_de _kf )dr=—k
T
_,__&A__ e—ar e~ary
F= o= k(rZ +ar)r
B Mod _ 2 Mo viA\avr oy dvr Ve
F= 1_ﬁ_F_ V,z%[(1+cz>dt’ Vi @
¢ (%)
> med >, my v'2\ avr , dv' vr e—ar e”arn
F= 1_V_Z_F = ’2%[(1+Cz)dt, ?c_z] k( —+as )r
2

= J S, s e"@ e”any .,
Ex=[F.di=[F dr—f—k(rZ +a )r.dr
2 —ar
mepa - m, 4 dvl av vr e ~
Ee= [T dif = [T [(145) S v B] a7 = [k (S )#.d
v2 . c2 /) dtr alttlc2 r
1—— vI4\2
Z ()
C
mevdv m vldvl
E, = [De¥dY — [ Mo k(S +as)dr
= ety ety g :
2
c (1+ c2>
= movdv movrdvs ear e”ar
dEk=F’.dF=°—2=°—3=—k( —+as )dr
v 3
1-= (1+#)2
C
E, = —myc? |1 - ¥ = — Mot _ (L™ + constante
k o c2 r
)
2 -a
_ 2 v e
Ep = —m,cC ’1 —C—z—k — = —m,C
myc e”ar 1 Kk e-ar\3 e—ary3
Ep=———2=-k —m,C 3=(— z )=(1_A )
12 r 2\2 mec? r
I+ (1+%)
1 ear k
3= (1 —A ) = 2
12\2 r mec
145+
dv dv’
dEy _ 2, dF _ MoVagr  mgyv "ar’ _ e~ar e @ dr e ar e™?\ 4
aw = F w = Tl e 3= k(T T ) = ke ra)f
2
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a>Zero

Attractive force

28.16

28.17

28.18

28.18

28.19

28.19



dE =3 mov—— moVi—- e~ 2 e~ary
—k=—F V="M= e = —k +a 7V
dtr \4 r2
1-— > V,Z 2
<1+C_2)
dE 2 - mev.a moVr.ar e~ar eTany .
k= FV == 3=—k( —+a )rv’
dat 1-Y 2 r r
c2 vI“\?
1+C—2
= medr’ e”d eTary |
F'=—= 3=—k(2+a )r
r2\3 r r
(1+e)
> m d?r an\?] .. dr do e\ ~ e™d e”ary
Pra—me flE (O] (pm, Eg (S0
VI2\Z datr dtr dtr datr datr r r
(1+C—2)
> dr do d2e\ = dLr d do dr do
F'@z(Z—— )Q)ZZQT'O —2—(7"2—)227"——
dtr dtr dtr2 der  dt dt dtr dtr
> m d?r ao\?] . e~ar eary
F'p= "3[ 5= (—) r=—k(2 a )r
2ys Latr dtr
(1+C—2)
me d2r _ (d_Q)Z _k( ar n ae—ar)
3 |dtr? dt 2 r
vI2\2
(1+C—2)
g _ Lr dr ,dw da2r
dtr  r? der ag
1 -1'? d?w (Lr)z k (e—a +a —ar>
( wzng L T2 ae? r2 mo \ 12 r
1+—)
2
[
1 L'2 d2w (L!)z K (e a +a —af>
( vz % r2 dg? r? T mp \ r2 r
1+—)
2
[
1 [L'Z d?w L'Z] _k (e_a n ae_a )
( o2 2lr2 ag2 * 13 mo \ r? r
1+—2)
C
1 [dzw 1] _k r2 (e_a n ae_ar)
( o2 2lagz " r myL'2 2
1+—2)
C
1 a’w 1 e"ar e"ar
3( 2+—)=Br2(2+a )
VIZ\Z dao r r
(1+e)
1 e—ary 3 e—ar e—2ar e—3ar e—ar
s=(1-A) =1-34"— 4342 - A" —=1-34
203 r r r r
v
<1+C_2)
se” 5 e32
3A°——— A°—— = zero
T T
e—ar dzw 1 e—ar e—ar
(1-34=) (S5 +2) =Br? (- +a
r ez r r2
e—ar dzw e—ar 1 —ar e—ar
(1-34) 2 +(1-34—)2=Br? (S~ +a"—)
r J dp? rJr r2 r
d?w d’we3 1 ear e @ ear
— —34A— -—34 =BT2(— a )
dp? ap? r + r r2 r2 + r
d?w d?we™ar 1 e ar _ar _ar
—— 34— +-—-34 = Be™®" + raBe
dp? g% r r r2
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derz

28.20
28.20
2 d%0 _
m = Zero
r2 de?
k
B = molL'2
k
B = meL'2
k
A= myc?
28.21



ZZTVZV%— %§+%—3Ae;:r=3?+aBe‘a W=%

ZZTVZVW - BAZZTV;e‘a w? + w? —34e w3 = Be ¥'w + aBe "

ZZTVZVW +w? = .'S,Al‘ivazvte_arw2 + 34e w3 4+ Be™ w + aBe ™"

Lrw+w? = e (3450 w2 + 34w? + Bw + aB) 28.22
w =%=xe"®+ye_"® i—gz ixe?® — iye~® ‘ZZT‘:: —xe'® — ye~® i=+-1

2

. . . . . . d
(—xei® — ye=®)(xel® + ye~®) + (xe® + ye~i?)* = ear <3A d(;; w? + 34Aw? + 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—zm) = —(xe® + ye—io)z

. . . . d*w
~(xe® + ye )" + (xel® + ye 0)" = e~ <3Ad7)2w2 +3Aw3 + Bw + aB)

2

w
zero = e™3f <3A w? + 34Aw?3 + Bw + aB)

dp?
2

3Adw 2434w + Bw+aB =
d(Z)ZW w w ab = Zero

34(—xe® — ye~?)(xe® + ye“'q))2 + 34(xe™ + ye_w))3 + B(xe® + ye ) + aB = zero
3A(—xei® - ye‘im)(xew) + ye_i‘z))2 = —3A(xei® + ye‘i‘z))(xei@ + ye‘i‘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

"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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