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

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

- It is a theory with principles completely on physics;

- The transformations are linear;

- Keeps untouched the Euclidian principles;

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

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

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

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

Both, the Undulating Relativity and the Special Relativity of Albert Einstein explain the experience of Michel-
Morley, the longitudinal and transversal Doppler effect, and supplies exactly identical formulation to:
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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 = 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 -t =x?-c’t? 1.6
To the observer O X’ = x — v t (1.2) that applied in 1.6 supplies

X —c*t= (x-v t)2 — ¢ t” from where

. v 2w
t:t 1+—2——2. 17
c ct

To the observer O’ x = x’ + V' t' (1.4) that applied in 1.6 supplies
(x + Vvt —c?? = x? - c t? from where
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' v12 2V,x,
t=t,1+ + : 1.8

2 2
c c’t'

Table |, transformations to the space and time

X =x—-vt 1.2 x=x+v{t 1.4

y=y 121 |y=y 1.4.1

zZ=z 1.2.2 z=7 1.4.2
Y 2vx vy

=t l+———~ 1.7 t=t"\l+—+—— 1.8
c ct c ct'

From the equation system formed by 1.2 and 1.4 we find
vt=vtor |v|t = |v'|t' (considering t>o0 e t'>0) 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

v 2wx v 2y'x!
I+ ——— . /[I+—+ =1. 1.10

¢ttt c? '

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

2
v 2
= 1 = 1.11
c c

Ifin 1.10 x = ct and x’ = ¢ t’ then

(I—X}(HLJ:I. 112
C C

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

=_=ux’—=—=uy—=—=uz 113

x _dx y dy z dz
¢ dt {dt t o dt

and then we can write

vi o 2wx v Qvux
It =t 114
c ct c c
With the use of 1.7 and 1.9 and 1.14 we can write
|V| t vi o 2wx vi o 2vux
_ = 1+—2 2 = 1+—2— B ) 115
|v’| t c ct c c

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

Vlde =[v|di" or | | 1.16

Ivl
2vux 2vux
but from 1.15 ~— | 1/ then dt'= dt1/1 1.17
\%
1
Being v and v’ constants, the reazons H and ? in 1.15 must also be constant because fo this the
%

2

) , ve o 2wx x dx _
differential of 1+—2——2 must be equal to zero from where we conclude ? = E =ux, that is exactly

c ct
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

xdx "dy z' dZ
—=—=UX',L y u'y"_z—zu'z', 1.18
t dt' t dt' ¢ dt'

and with this we can write ,

1 Vi vy . Vi 2v'u'x!
st = . 1.19

c ct c c

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

vl ¢ v;2 2V’ x/ v|2 2V' ' v
P~ = I+ + = [1+—+ . 1.20
|v| t ¢t c’ c?

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

|V|de'=v|dt or = M 1.21

|v| dt
|V'| v12 2v'u'x' v|2 2'u'x'
but from 1.20 l+—+——F—then dt =di"\[1+—F+———. 1.22
|v| ¢’ 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 2V|x| x' {
differential of 1+_2+T must be equal to zero from where we conclude —'=?=u'x', that is
c ct t t

exactly like to 1.18.

Replacing 1.14 and 1.19in 1.10 we have

v 2vux v 2v'u'x!
1+—2— —. 1+—2+ — =1 1.23
c c c c

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

R=xi+yj+z'k, 1.26
and the vector position of the origin of the system of the observer O is

Ro=—v1i+0j+0k =>Ro=—V'1'i . 1.27
Due to 1.9, 1.25, and 1.27 we have, Ro'=—R'0. 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:—tzvz+0]+0k:>v=vz. 1.31

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

- dé'o - = - — g
v'= Py =Vi+0j+0k =>v'=—V'"i . 1.32
t
From 1.15, 1.20, 1.31, and 1.32 we find the following relations between v and V'
'
v = 4 1.33
12 [
v 2V'u'x
\/1+2+2
c c
Y= —Vv ) 1.34
2vux
-
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

R' dR - dRo' u-v -V
P : 2.1
d 2vux 2vux \/_
2 o o2
Differentiating 1.30 and dividing it by 1.22 we have
dR dR'—dR'0 B, T T
dt v'2 Wu'x' v'2 Wu'x' \/_'
ar'\[1+—+——— I+—+——
c c c c
Table 2, Law of velocity transformations # and u'
=t 2.1 it 2.2
gyl Y 03 = u'x'+v' 04
o Wy u'y'
uy=-—r— 2.31 uy = 241
VK JK'
u'z'=-"=2 232 |uz= ik 242
M V]
V=" 1.15 V= 1.20
K VK’
2 2
v: 2vux v 2v'u'x!
VK = ]+_2__2 25 1/[{':\/14__24_ > 2.6
c c c c
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Multiplying 2.1 by itself we have

2vux
u1f1+—— 5
' u u

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

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

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

velocity of light.

Remodeling 2.7 and 2.8 we have
2

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

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

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

29

2.10

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

df'= dt1/1+——%

dt = dt' M) — df'=
1+5
C
V' V'
YRS i ——
Ve 200 v
IVI IVI

2.11

2.12

2.13

2.14
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Aberration of the zenith

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

2

Ux —v u / vy
0= :>ux:v,C=—y:>uy=C 1-— ,uz=0,

v Qvux vio 2w c

I+ 55 -
c c c c
2
2

/ %
u= \/uxz +uy2 +uz’ = vV +| eyl - | * 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/c
tango = — =

== - 2.15
uy v v
Cull—— 1——
\/ c’ \/ c’

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

1t '
ux +v
0_

u'v' er
= =ux'=—v',c= Y :>u'y’:q/]——2,u’z'=0,
vl vl vi? o 2v(=v) ¢
c c c c
2
2 V'’
w' = Ju” +uy? +uz? = (v +|el-5 | 407 =¢
c

! !

-y —v'c
tanoa = 2* = _ 2.16
anga u'y’ v!Z er
C. 1—72 1- 5
C C

that is equal to 2.15, with the negative sign indicating the contrary direction of the angles.

Fresnel’s formula

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

1
, c/n+v c/n+v c v o2v)? (e (v 2v
c'= = =|l—tv|l+—5+—| Z|—+v|l-—=|5+—
Vi 2ve/n vio 2y \n ¢ nc n 2\¢” nc
I+—+—7— I+—5+—
c c ¢’ nc

Ignoring the term v’ /¢’ we have

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

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

, c v ¢ 1
=—+v-—=—+y 1-—|. 2.17
n n-n n
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Doppler effect

i 2t12

Making 7°=x"+3p°+z° and r"=x"+y”+z” in 15 we have r’—c’t’=r"-c or
r'+ct’ v 2w
(r—ct): (r'—ct')Q replacing then r =ct, r'=ct' and 1.7 we find (r—ct)z (r'—ct') I+———-
(r+ct) c c't
woow 1 Lo, ., ., v 2wx - .y
as ¢c=—=—then —(kr—wt)z—(k r=w't ) I+———— where to attend the principle of relativity
k k' k k' ¢ ct
2w
we will define k'=k,|1+ — 2.18
¢ 't
Resulting in the expression (kr—wt)z (k’r'—w't’) symmetric and invariable between the observers.
To the observer O an expression in the formula of w(r,l) = f(kr—wt) 2.19

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

o 2, 2=m
Applying in 2.18 k =7, k =7, 1.14, 1.19, 1.23, 2.5, and 2.6 we have
i’
\/_ \/_ 2.21
that applied in ¢ = yA = y' A" supply, )'= y\/f and y=)y'vK'. 222

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

— EJK and E=E'VK'. 223

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 =c¢ the

observer O’ will measure the waves with velocity ¢ and frequency y':y(l —X) , 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

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

Differentiating 2.1 and dividing it by 1.17 we have

du’ du/x/_ (ﬁ ;)ldMX/K\/Ejgl_iJr(g_‘j)lﬂ 31
dt dt\/_ N K ¢’ K? .
Differentiating 2.2 and dividing it by 1.22 we have

du dﬁ'/\/ﬁ . du'x'/K'\NK @ L, oV ax

a N (7 =ad=——(i'"-V)—5—. 3.2
dt drJK NI K’ ¢’ K'



Table 3, transformations of the accelerations a and a'

., a (. _\V ax ~oa ., vV ax
G=E+(I/l—\))—2? 3.1 a=?—(u % )_ZK'Z 3.2
c
Vv oax al ! ! alx!
a'x'=—+ux—-v 3.3 ax = —u' X+ )— 34
( ) 2 KZ K, ( ) 2 KyZ
a Vv oax al ! vl alx!
a’y'=%+uy—2F 3.3.1 ay=?),;—u' ’—ZK,Z 3.4.1
c
g 92,V ax _az  ,  vax
az= X uz 2 K2 3.3.2 az = 1% K7 3.4.2
a=2 38 a=2 3.9
2 2
v: o 2vux vie 2v'u' X!
K=1+—5-"= 3.5 K'=l+—5+—F— 3.6
c c c c

From the tables 2 and 3 we can conclude that if to the observer O ii.d = zero and ¢’ = ux’ +uy2 +uz’,
then it is also to the observer O’ ii'd'=zero and ¢’ =u'x"’+u'y'’+u'z'* , thus i is perpendicular to @

and 1’ is perpendicular to @’ as the vectors theory requires.

Differentiating 1.9 with the velocities and the times changing we have, tdv+vdt=t'dv'+V'dt', but
considering 1.16 we have, vdt =V'dt'= tdv=t'dV' 3.7

_ L av'  dv ,
Where replacing 1.15 and dividing it by 1.17 we have, — =—— or a'=

i. 3.8
i’ dik K

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

dv av' a
—= ora=—.
dt dt'K’ K'

3.9

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

a a a
a'= > = > and a= > = > 3.10

v 2w v vie2v'0 V'

It =7 1= Iyt I+ 5

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)ii and p'=m’'(u’)i’, 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.
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Before and after the collision the spheres have velocities observed by O and O’ according to the following
table gotten from table 2

Sphere | Observer O Observer O’
/ V2
Before S UxXs = zero , uys = w u'x's==v',u'y's=w,|l- >
c
VZ
Collision s’ uxs'=v, uys'=-w 1-— u'x's'=zero, u'y's'=-w
c
12
After s uxs = zero, uys =—w u'x's==',uys=-w I—VZ
c
v2
Collision s’ uxs'=v, uys'=w /1 - u'x's'=zero, u'y's'=w
c

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

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

m(\/uxs2+ uys’ )uxs+ m(\/uxs'2+uys’2 )uxs’: m(w/uxs2+ uys’ )uxs+ m(w/uxs’2+uys'2 )uxs' ,

where replacing the values of the table we have

2 2
2 2
2 14 2 — v o
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(qluxs2+ uys’ )uys+ m(«/uxs'z +uys'’ )uys’ = m(«/uxsz +uys’ )uys+ m(«/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—— | (W l-—,
c c c c

simplifying we have

2 2
m(W)Zm \/VZ"‘W{]—V—ZJ 1/I—V—Z,where when w—> () becomes
Cc C
2 2 2
m(0)=m \/VZH)Z(]—V—Z] ,/1—v—2:>m(0):m(v) I—V—zzm(v)z—m(o)z :
C C c v

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

0

m(v) =T with a relative velocity v=u = m(u) = > 4.2
Y
1-— 1-=
c c
that applied in 4.1 supplies p = m(u)u = > 4.1
u
)
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With the same procedures we would have for the O’ observer

m
m'(u') = —2— 4.3
u/Z
1= 2
c
~ _ m,u'
and p'=m'(u)i'= ———. 4.1
u/Z
I=—
c
o . . 3 _om,
Simplifying the simbology we will adopt m = m(u) = ; 4.2
u
1=
c
m
and m'= m'(u')— 0 43
u!2
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' 2Vu'x v 2vux
m:m'\/1+ >+ > =>m=m+vK' and m':m1/1+—2——2:>m':m\/K. 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 (Ek E')as
E, = Tﬁ.dﬁ = Td(Mﬁ).dﬁ = jd(mﬁ) 0 = j(uzdmwL mudu),
0 0 dt 0 0

and E’k:Tﬁ’.dﬁ':TM.dﬁ':Td(m’ﬁ’).ﬁ'= (u’z dm’+m’u’du’).
0 0

b ar

SN S

LS}

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

m?cl—-m’u’ = m0202 =Su’dm'+m'u'du'=c’dm’, that applied in the formulas of kinetic energy

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

where E =mc’ and E'=m'c’ 4.6

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

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

From 4.6, 4.2, 4.3, and 4.1 we find

E :c\/mozcz +p° and E'= c\/m0202+ p”’ 4.8

identical relations to the Special Relativity.
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Multiplying 2.1 and 2.2 by m, we get

and == - > mu=mu'-mv'=p=p-—v'.
u u'’ u'"” ¢

I-— 1-—; 1-—

c c c

Table 4, transformations of moments p and p’

A - E o A Al E' !
p'=p-—V 4.9 p=p-—V 4.10
c c
1! E [N ' !’
p'x'=px——v 4.11 px=p'x'+—v 4.12
c c
p'y'=py 4111 pyv=p'y 4121
p’z’: pz 411.2 pz = p’z’ 4.12.2
E—EVK 2238 | p_p K 2.23
m m
m:m(u):—oz 4.2 m’:m’(u’):—oz 4.3
- 1-=
c c
= m K 4.4 m=m VK’ 4.4
E.=E-E, 4.5 E' =E'-E, 4.5
Ezmcz 4.6 E'= m’cz 4.6
E =mc? 4.7 E =mc? 4.7
4.8 4.8
E=c\mS 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 £, = mocz

2
m_c

Frequency y _Eo _m,
) °"h h

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

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

o

2
=
C

¢
-Time ¢ = = - (from 1.7 with ux =v and ¢'=¢,)

-Mass m = m(v) = (from 4.2 where u =v)
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E m,c’
-Energy E = —2—==—=2—(from 2.23 with ux=v and E'=E)

2 2
T
C C

Y, m,c’ /h

2 - 2
C C

-Distance x = vt (from 1.2 with X’ =

-Wave function y =asen2ny ¢, —asen27ry1f1—— 1f]———asenZny t——j with u =

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

-Frequency y=

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

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

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

2 2
C C

2

2 2
V' 2v'0 V'
-Time tzt’\/1+—+ =t’\/]+—2 (from 1.8 with u'x'=10)
c

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

%
-Velocity v = —— (de 2.13)
v!Z
I+
c
that applied to the wave function supplies
2 2 12 41
VX v v vt
l//':asen27ry[t——2j=asen27ry'\/]+—2 z"\/1+—2——2 =asen2ny't’,
c c c V'
L1+ 5
c

butas t'=¢, and y'=y, then y' =y, .

§5 Transformations of the Forces F and F’

Differentiating 4.9 and dividing by 1.17 we have

D D E v — 1l |- dE vV = (= \V
_ dp _ dE v F'=—[F—d—%}:>F':—[F—(F u)%} 5.1
dt' diNK  diNK JK dt c
Differentiating 4.10 and dividing by 1.22 we have

5 e E! o7 _ ] _ El o7 _ - o
__d’ __d V_ijz_[p'_d v—2j|:>F [ (F ')VZ] 5.2
dt dt'NK' di'AK' ¢ VK’ dt' c

From the system formed by 5.1 and 5.2 we have

—

dE  dE'’ SO .
= or Fu=Fu', 5.3

dr dr

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

gt o el L

|

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

dr  dr 5.3 Fu=F.u' 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
v

o

Pt Pt PV = p'ii' = pii — p¥ = J' = J — p¥ 6.1
\/1—”'2 \/1—”2 \/1—”2
02 C2 02

and pP.U _ pPu _ PV — Pﬁ =plﬁ{_p(‘_}’!: j =jl_pl‘_}’!. 6.2

2 12 12
\/1—”2 \/1—”2 \/1—”2
C C C

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

j’:j—p\7 6.1 j:j’—p'\j’ 6.2
J'x'=Jx—pv 6.3 Jx=Jx"+ p"V' 6.4
J’y’: Jy 6.3.1 Jy:J’y’ 6.4.1
J'zZ'=Jz 6.3.2 Jz=J'Z 6.4.2
j:pﬁ 6.5 jr:prﬁr 6.6
= Po ' Po
p=—"= p= e
u 6.7 u' 6.8
I-— 1—
c c’
p'zp\/? 6.9 p:pr\/ﬁ 6.10

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

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

<y

Applying the forces of Lorentz F = q(a + xé) and F' = q(E' +u'x E') in 5.1 and 5.2 we have
q(E'+ﬁ'x§’): %[g(EjL ux E)— [q

and q(E+ ux E): L{q(a%ﬁ'x E')— [q(a'+ﬁ'x§')ﬁ']v—2} , that simplified become

JK'

- = 1 - L = ~ _\V - . = 1
(E'+u'><B'):—[(E+uxB)—(E.u)—2} and (E+u><B):

VK c VK’
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

[(E'+ ii'x B ')— (E' ﬁ')z} from

2
C
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1 E E E:
E’x'+u’y’B’z’—u’z’B’y’:—{Ex+usz—usz— xzxv_ yt;yv_ ZL;ZV} 71
VK c c c
1
E'y+u'z’B'x'-u'x'B'z'=—=|Ey+uzBx—uxBz 711
JE[ ]
1
E'zZ+u'xB'y'—u'y'B'x'=——=|Ez+uxBy—-uyBx 71.2
=l ]
Ex+usz—usz:—] E’x’+u’y’B’z’—u’z’B’y’+E ey, Eyuyv +E Zuzy 7.2
JK' o2 o2 o2
1
Ey+uzBx—uxBz= E'y'+u'z’B'x'-u'x'B'z’' 7.21
Tt ]
1
Ez+uxBy-uyBx=——|E'Z'+u'x'B'y'-u'y'B'x' 722
Tt |

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 Be B

Ex VUx E'x' viu'x'
E'x'=—|1—-—— 7.3 Ex = 1+ 7.4
JK ( czj \/K'( ¢’ j
Ey v’ vux) VBz E'y' v: viu'x") v'B'z
Evyv="2]+——_—— |- 1731 Ev = J+—+ + 741
y \/E( CZ CZ j \/E y lKr ( 02 CZ [KI
E 2 B El ’ 12 [ IB( '
Erz':TZ(m_Z_@}u 1oz | p=E2 (1+v_2+v”jJ_v V' | 742
K c c K VK’ c c VK’
B'x'=Bx 7.5 Bx=B'x' 7.6
v v’
B'y'= By+—Ez 7.5.1 By=B'y'-—E'Z’ 7.6.1
c c
B’z’:BZ—lZEy 7.5.2 Bz :B'z’+v—2E’y' 7.6.2
c c
E'y'= EyNK 77 Ey=E'y' VK 78
E 2= E=NK 771 | g paodK 7.8.1
ux u'x'
By:——ZEZ 7.9 B'y'=— 3 E'z’ 7.10
c c
ux u'x'
BZ=C—2Ey 7.9.1 B'z'=—4+FE"y' 7.10.1
Table 8, transformations of the electric fields £, E' and magnetic fields BeB
1 ~ _\V 1 = v’
E'x'=——| Ex—(E.ii) % 741 | BEx=——| E'x+(Erir) 7.12
Gl =) 0 s
1 1
E’y’=ﬁ(Ey—vBZ) 7111 | By =F(E’y'+V'B’Z’) 7.12.1
1 1
E'z'=—(Ez+VvBy 7112 | Ez=—(\E'z'-V'B"y’ 7.12.2
J ) 7' )
B'x'= Bx 713 Bx=B'x' 714
B'y'=By 7131 | By=R'"y' 7.14.1
B'z'=Bz 7132 | Bz=RB'Z' 7.14.2
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Relation between the electric field and magnetic field

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

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

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

c
Formula of Biot-Savart

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

-Linear density of resting electric charge p, = d_q'
X

-Naught electric current 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 = 4/ y'* +z'* with

e

o

the component E'x'= zero.

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

Po

2
7
C

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

v
-Electric current [ = pv =PV
vZ
I=—
c
!
-Radial electrical field of module FE =T (according to the conjuncts 7.3 and 7.5 with
v
CZ
B'=zero = ii'=zero and ux =v)
, i vEz vEy
-Magnetic  field of  components Bx =zero, By=——, Bz =—; and  module
c c
vE v E v 1 1 1
B=—=— =— Po__Bo® \where W, =——7, being in the vectorial form
c c v:ooc v2 2me, R 27R g,C
I-— I-—
c c
- I _
B= H, u 717
2nR

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

Table 9, differential operators

0 _0 v oq | 0_0 VO .
ox' 0Ox (0Ot ' ox 0x' ¢’ ot '
0 - i 8.1.1 i = 0 8.2.1
oy' Oy | dy 9y B
0 = 2 8.1.2 2 = 2 8.2.2
0z 0z | 0z 0z o
o v 0 N 1 v’ _w |0 8.3 o _ v 0 N 1 ; v? vy} o | 894
ot JK ox K\ & t)ot ot JK' ox' JK' ¢t ot
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 o o x'/t' 0
——t——=o0and ——+—F——=0 8.5
ox ¢ Ot ox' ¢ ot
From where we conclude that only the functions y (2.19) and ' (2.20) that supply the conditions
0 X/t O oy' x'/t' oy’
_l//_}___l// =0 and V/ + V/ = 8.6

ox ¢’ ot ox' ¢ o
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

8_1//+y_/t8_1//:0 81//'+y'/t’81,z/'_ 8_1//+Z_/t8_1//: 81//'+z'/t'61//’:0

oy ¢ Ot oy ¢f ot ~ 0 and oz ¢’ ot o oz ¢ ot o
From the transformations of space and time of the Undulatory Relativity we get to Jacob’s theorem

_vux I+ viu'x'
g o',y z't) T 2 and J'— oxyzt) c? 8.8

olxyzt) K olw'yzt) 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

o0, o 1
ax12 ayIZ azrz CZ atIZ

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

from where we find
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o o + i_ii+ﬁ o’ +2V3 o’ _4V2HX o’ +ﬁi+v4 o’ ux o°
ox’ oy’ o0z o’ ¢’ oxor ¢ oxor ¢ oxot ot o’ ¢’ o

v:iao? 2v o7 2v3 o’ 'ux o7 v o7 2vux &7 2Vlux &7 viux? o7 V' &’

—_— + - —+ — ————— ———— =zero
2 ox? ol axor o oxor ¢t oxor ' orf ¢t o’ ¢’ ot ¢’ ot o’
that simplifying supplies
Ki+Ki+Kaz _Li_b}zux o’ _ﬁi_ﬁ62+2vux6 vzuxzi_zem
ox’ oy’ oz° ¢t ot’ ¢ oxor ccoxt o’ o o ¢’ ot
where reordering the terms we find
2 2 2 2 2 2 2 2 2
K8—+Ka—+K6—— 1 VZ——ZV?X Lo 9 +2L2x 9 +@6—2 = zero 8.9
ox’ oy’ oz° c ¢ Jetarr loaxt o axar o o
but from 8.5 and 1.13 we have
o0 x/t 8 0 ux 8 o7 2ux &7 ux’ &’
—+ = —+— =—+— +——— = zero
ox ¢’ at ox ¢’ 61 ox ¢’ oxot ¢’ ot

0’ 0’ 0’ 1 0°
that applied in 8.9 supplies the wave equation to the observer O —— + — +—5——5 <5 =zero. 8.10
ox’ oy’ ozd ot

To return to the referential of the observer O’ we will apply 8.10 to the formulas of tables 9 and 1.18, getting
2
a _v_, a 2_}_8_24_&_1 _ V’ a + ] ]+ﬁ+M a = zero
ox' ¢’ ot o7 o7 7| JK ox' K c’ ¢ ot
from where we find
2 2 2 2 2 13 2 120 2 12 2 14 2
K@ +K,62 K,ﬁz_izaz_Z_vﬁ 2v4 0 _4v;,tx 0 +v_46_2+v_662+
ox'"’ oy oz’ ¢ ot ¢ ox'ot ¢t ox'or c ox'ot' c¢* o' ¢ o
+2v’3 u'x o’ v ol v o 27 o’ 27 u'x o’ 2?07 u'x o’

+ = + + ~ - ~
¢h oo o oax? oo of ax'or c? ox'et ¢t o’ ¢t o

Viu'x ot viu'x? o7 v?' o’
- - - = zero
¢’ o’ ¢’ o’ ¢ o’
that simplifying supplies
1% o’ 1% 0’ LK o’ 1 07 Xu'x &’ V2ol v et wu'x 87 viu'x? o B
12 + 12 12 __2 12 - 4 1] r__Z 12 __4 12 - 4 12 - 6 12 = zero
Ox oy Oz ¢’ ot c ox'ot'" c¢° Ox ¢’ ot c Ot c Ot

where reordering the terms we find

, 0’ , 0’ , 0’ VI O 2vu'x'\ 1ot vt 'Y 97 w'x” &
K'—+K'—+K'—-|[+—5+— - —— >+ — +—; | = zero
ox' oy oz' c’ ot ox' c- ox'ott ¢ o

C C
but from 8.5 and 1.18 we have
o x'/t' 8 o wx oY o 2ux & ux’ o’
/+ 2 r:0:> r+ 2 A = r2+ 2 ’ r+ 4 2
ox c® Ot ox c’ Ot ox ¢’ ox'ot ¢’ ot
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

8p +vj':zer0:>ai+a]x +8Jy +8JZ = zero 8.1
ot' o' ox' oy oz

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

2
(LQ+L(1+V_Z %Jaj R+(i+_ij(J o)+ 2B L0 g

JK ox Jk\ ¢ ot ox ¢’ ot oy 0z

19/212



making the operations we find

2 2
vop Op v Op vuxdp O0Jx v 0Jx vdp v 0p 0Jy 0Jz
ox 0t ¢’ 0t <¢* 0t 0x ¢’ Ot ox ¢> ot 0y Oz

= zero

that simplifying supplies

Op wvuxdp OJx v oJx 0OJy 0Jz
-+ +——+ + =z
ot ¢ 0t Ox ¢ 0t Oy Oz

ero

where applying Jx = pux with ux constant we get

a_p_%ﬁ_ijaJerL@(pux)Jr@Jij@Jz=Zem:>8_p+8Jx+8Jy+8Jz

3 3 = zero 8.12
ot ¢ 0t Ox ¢ Ot oy 0z ot 0O0x Oy 0z

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

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

' 12 [ ’ r ! (A
V0 + ! ]+v_2+vu2x 0 p’\/K'+( 0 _v_z 0 j(J’x’+p’v’)+aJy +8JZ = zero
VK'0x" K’ c ¢ ot' ox' ¢ ot oy’ oz'

making the operations we find
' ' ' 2 ' (W] ' 1yt ' W ’ ' 12 ' 1’ ’
_V'op +8p +v2 op +vu2x op +8Jx _v_zﬁJx LY op _vZ op +8Jy +8Jz
ox' ot ¢ ot ¢ ot o0x' ¢ ot ox' ¢ ot 0y oz’

= zero

that simplifying supplies
op' vu'x'op' oJ'x' v oJx' oJy oJ<z
+ + - + +

i 2 i i 2 i ' ' =zero
ot ¢~ Ot ox ¢~ Ot oy oz
where applying J'x'= p'u’x" with u'x’ constant we get
a ! ! ! !a ! aJ! ! ! a r,,! ! aJ! ! aJ! ! a ! aJ! ! aJ! ! aJ! !
p+vu2x Py x_v_2 (pux)+ Y 4 Z o sero= 2P 4 * Y 4 Z — zero
ot' co ot 0x' ¢ ot' o0y’ oz’ ot ox' 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 OFy OFE OE'x' OFE'y' OF'Z '
+ y+ Z_P 8.13 + J + Z_P 8.14
ox oy 0z g, ox' oy’ oz' g,
an+8By+aBZ=0 815 8Bx+aBy+8 Z o 816
ox oy Oz ox' 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 0Oz ot oy 0z ot
OEx OEz _ OBy g1 OE'x' OE'z' _ 0B') 8.2
0z Ox ot ' oz' ox' or' '
OBy 0OBx OEz OB'y' OB'xX' OFE'Z'
———— = Jz+eg pu — —_— =u,J' z'+e
P A T
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0Bz 0By _ Jrte OEx 8 25 OB’z OBy _ Jivae OFE' x' 826
2 2 K, oMo o |8 —Gy’ Py H, oMo o :
OBx 0Bz _ Jote OEy 807 OB'x’ 0B'z' _ Jviie OE'y' 828
= o K, JY TEM, o |8 o o HoJ VTEH, o -
Without electrical charge p = p'= zero and J=J'=zero
To the observer O To the observer O’
OFEx OEy OFz OE'x' OE'y' OF'Z
+——+—=0 8.29 + + =0 8.30
ox oy Oz ox' oy' oz’
an+8By+aBZ=0 831 OB'x +aBy +8BZ _0 8 32
ox oy Oz ox' oy’ oz'
OEy OEx 0Bz OE'y' OE'X' OB'Z'
- == 8.33 - == 8.34
ox oy ot ox' oy’ ot
OEz OEy OBx OE'z" OFE'y' OB’ x'
- =- 8.35 = 8.36
oy 0z ot oy 0z Ot
OEx OFz OBy OE'x' OE'Z OBy’
- =- 8.37 - == 8.38
0z  Ox ot oz' ox' ot'
8By_8ﬂ_8 OEz 830 OBy’ o ')c’_8 OE'Z' 8.40
o o Ha ' o oy Mo '
%_88}/_8 OFEx 641 0B’z 0 'y'_8 OFE'x' 6.4
oy o Pa ' o o Mo '
OBx 0Bz _ . OEy 8 43 OB'x' OB'z' _ . OE'y' 8.4
N Bl T M '
1
e, = — 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' OFE'Zz p
+ + ==
ox' oy' oz €

8.14

o

where replacing the formulas from the tables 6, 7, 9, and 1.18, and considering u’x’ constant, we get
0 v 0| Ex vux) O | Ey v’ vux) VBz
—t ==l |t | =t |-—F=|t
ox o’ ot K c ay_\/f c c JK
0| Ez ; vz_vux +vBy__p\/E
VK K| e,
2

2 2
. : . v® OEx ,
making the products, summing and subtracting the term ———, we find

Oz

c c
¢’ oOx

OEx i OEx vux OEx vux OEx OEy +i OEy vuxOEy vOBz N

ox ¢ ot ¢ ox ¢ ot oy oy < oy oy
O0Ez v’ 0Ez vuxO0Ez vOBy v’ 0Ex v’ 0Ex pK

+—t—- + b=

0z ¢ Oz ¢’ oz 0z ¢ ox ¢ ox £

o

that reordering results

v (ﬁEx ux 8Ex] 0Bz OBy I OEx OEx OFEy OFEz v ovux) pK
| =+ |-V — -— + + + I+

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

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

o

2 2
(6Ex+8Ey+6EZJ(]+V__MJ:£(1+v__vuxj_£vux P vux

+
ox oy 0Oz e, ¢ g, c’

OEx OEy OFEz p
+ + =—
ox 0Oy 0z g,
that is the Law of Gauss in the differential form to the observer O.

8.13

from where we get

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

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

a2Vl e @ ) Ik | .
12 B X'
making the products, adding and subtracting the term c_Z o we get
OE'x' v OE'x' N v'u'x' OE'x' vZiu'x' OE'X' N OE'y' +ﬁ8E'y' N viu'x' oE'y' N
ox' ¢’ ot ¢’ ox c’ ot' o' & oy o
N v'OB'zZ' N OFE'z' +ﬁ8E'z’ N v'u'x'0E'z" v'OB'y' +ﬁ8E’x' _ﬁ OE'x' _p'K
oy’ oz o’ o7 ¢ o oz’ o o g,

that reordering results in
v'?(OE'x' u'x'OE'x' J(O0B'z" OB'y' I OE'X
' + 2 ' +tv r 2 ' +
ox ¢~ Ot oy 0z ¢ Ot

aE!x! aE!y! a !Z!! v!2 v!u!x! p!K!
+ + + I+—+——|=

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

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

o

r ot "o [ 2 [ ' 12 [ (W [
(6Ex+6Ey+aEzJ{1+v vux} p(1+v +1/Lt)c]+p11u9c p'vu'x

2
C

V()= v, plu 3=

e e’

o o

ox' oy’ oz' c’ ) g, c’ c’
aE!VxV aEV ! aE!Z! !

+ Y + = P that is the Law of Gauss in the differential form to the O’
X' oy’ oz €

from where we get

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

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

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

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

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

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

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

z':t(]—zj 9.1 t:t'(1+1j 9.2
C C

!

\% v

Vi=——— 9.3 V=
1+7
c

)

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

9.4

2nR
cty +vtp =2R =t =—— 9.5
c+v
2nR
ct' AN, =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 Vvt,. = v’t’ZU of the observer O, then following the equations
1,2,3 and 4 above we have:

27R
Clye =2MR+Vt, o =t = 9.7

c—vVv

2R
ct)e=2nR=>t', . =—— 9.8
c
The time difference to the observer O is:
2nR 2nR 4nRv

At=t,. —t, = - = 9.9

cC—V c+v CZ—VZ

The time difference to the observer O’ is:

A=t~ = 2nR  2mR __4mRv 9.10
c  c+2V (c+2v')c

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

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

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

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

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

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

X’F:—}LA and A, :—}LF’ :
=) ()
c c

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

Ap= and A, = 10.2

10.3

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

' ! ?
n=Motha 1| hr +X’F(1—1) Saetotha A 1+(1—Xj
2 2 (]—V) c 2 2(1—") ¢
c C

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

_ by 2
AL=A—A, =—F[1+(1—KJ }—xF
2(1—Vj ¢

c
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Al = [1+1 22X+ X 2+2V}
2(1_\/) c cC C
C
= ] }\‘ VZ
A _( _VJTFC_Z 10.4
C
Reference

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

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

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

y=y' [1-Y— 2.25
C

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

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

v
1+c—2

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

the source wave A/,
2

' 14
M= 142 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 -
AN, =h, =N =\, /1+z—2—>uF=wF( /1+z—2—1j;x'F(1+2V7—1);7Fz—2 10.7

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

Applying 10.7 in 10.4 we have
—  AA
Al = !

(-]

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

10.8

2
xA=wD(1—K) 10.9
c
: v Ay
And from this we have the formula of speed —=1— T 10.10
¢ D

A=A =h A 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:

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

o dpx _dlmux) _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
_ 5 dm 1 dE
The formula of energy is £ =mc” from where we have — =—— 11.4
dt ¢ dt
- dfE - . o - ux
From the definition of energy we have E = F.u that applying in 4 and 3 we have Fx=F.u—; 11.5
c
Applying 5 in 1 we heve:
=~ (= _\Vux
Fu- (F.u )—2
F'.Ijl': C
vux
-
i = T dE' dE
From where we find that F'.u'= F.u or =— 11.6
dt' dt

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

§12 Linearity

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

Ezﬂzux,lzﬁzuy,izgzuz 1.13
t dt tdt ¢t dt

x'odx' o,y Ay z' dZ
I T A Sy R — 1.18
' dr ¢ dr ¢ dr
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Woldemar Voigt wrote in 1.887 the linear transformation between the referentials os the observers O e O’ in
the following way:

x = Ax'+Bt' 12.1
t=ExX+Ft 12.2

With the respective inverted equations:
, F -B
X'= X+ t
AF — BE AF — BE

12.3

-F A
= X+ t
AF — BE AF — BE

!

12.4

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

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

t=t =zero 12.5

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

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

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

x = Ax'+Bt' 12.6
t=Fr 12.7
With the respective corrected inverted equations:
, x Bt
X=——— 12.8
A AF
, 1
'=— 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

! !

L N 12.11
t A A

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

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

x’—c’t? =x"=ct"” 1.6
Applying 12.6 and 12.7 in 1.6 we have:

(AX’"FBZM)z _CZFZtrZ — er_CZtrZ
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From where we have:

2

B’ 2A4Bx
- =x!2_02tr2
c c’t

(Azx,z)_czt!z {Fz b

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

2

3 } =1 in the straight brackets we have
c c’t

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

B°  2A4Bx' B’ 2Bx’'
Appllying A=1in | F? =2~ 2270 | = ] we have F” = [+—+ " 12.12
c c’t c c’t'
. . B B ,
Appllying A =1 in 12.11 we have 227232\/ 12.11
That applied in 12.12 suplies:
v!2 2V’x’
F=l+—+=—=F(xr) 12.12
c c’t

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

Applying 12.8 and 12.9 in 1.6 we have:

2 2
xz_cztzz(i_ﬂJ _CZLZ
A AF F

From where we have:

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

1
where making A% = 1 in the bracket in arc and S T ot =1 in the straight bracket we
F° A cF° AcFt

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

Applying A =1 and 12.10 in 1B +2BY 1 we have:
Y S =R EREy SRy |
Fe 1 — F(x.0) 12.13
1_}_&_@
¢’ 't

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

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

12 r
% 2V'x
K'=1+—2+ 5 :>F=\/K' 12.14
c ct
vi o 2wx 1
Ko+l 2% g 12.15
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As the equation to F(x', t') from 12.12 and F(x, t) from 12.13 must be equal, we have:

12 r
oY 2V'x" 1

2 20
c c't v 2w
s

2
c c't

12.16

Thus:

2 12 1\
\/]+v_2_2_12/x\/]+v_2+2vz)'6 =17 or \/E.—\[K':] 12.17

c c't c c’t
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
, t
f'=— 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
' 12 2v’x'
t=t'\1+—5+— 12.7
c c’t
With the respective inverted final equations:
xX'=x—vt 12.8
, v 2wx
t'=t.|1+ S T3 12.9
c c't
That are exactly the equations of the table |
B !/ . v' !
As v :F and V'= B then the relations between v and v’ are v :F or V'=v.F 12.18

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

12 [ 2 —
Fe /]+v_2+2v2x _ ]+(vF2) +2va vt)
c ct c 2

t
c RN
F

2 )

22 2 22 2 22
F:\/va L 2mF V'F :\/1+2vxF V'F

2 2
c c't c ct c
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2 2p2 g2 g F? )i
2vxF V]j :>F2+V2 _sz — | F =

F?=1+"—
c't c c c't v: 2wx
-

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. o 2vx ' "(x'+v' ¢ Vv 2v'x' 2V
\/1"—2_2 1"'11 _ZV(x-H)t) \/]+ 2p2 T 2ap2 212
co c’t e\ F c’FFt c’F° c¢tF° c°F
1 V2 V' X V22V X!
F = = F’ l-—F———F—— |=I=>F=|l+—5+—F—
V2 ' c’F2 ct'F c c’t
- 22 2 2
c’F'" ¢ t'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:
oF 1 ! oF 1 "X
o L ad S 12.19
ox' +K'c't or' K ct't
we have:
1 1 Vv X
dF = 3 dx'— Covio !
JK' et VK et
where applying 1.18 we find:
1 ! 1 " odx!
dF = ————dx—————""di'= o 12.20
K'c't' VK et dt
From where we conclude that F function of x’ and t’ is a constant.
We have to calculate the total diferential of F(x, t) (12.13):
oF oF
dF =—dx+—dt
ox ot
as:
oF 1 v oF 1 v x
_=_3—2 and — = ——3 —2— 12.21
ox Zc't ot 2ctt
KZ KZ
we have
1 v 1 v x
= c't ~ctt
K’ K’
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where applying 1.13 we find:

dF:Lde_Ldedtzo

L 0% dt

K? K?
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.

! /
y=2=% 1.2 V==L 1.4
t t
We can also relate na inertial referential for which the light spread in a straight line according to what is
demanded by the fundamental axiom of the Undulating Relativity, with an accelerated moving referential for
which the light spread in a curve line, considering that in this case the difference v and v’ isn’t due to only the
difference of time between the referentials.

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

2 2wx
A i
2 2
c ct,
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:

2 2 2

X, x 2 2wx 2 2wx 2
x_dx_ M _Xo_ o p ve AV PR L2 3 [+ Yo _ 2vux
t c c't, c c

2
2vx1 2vux =1, +1,) / 2vux —(1, +1 )\/1+_2_21;(x1+x2)
c t c c (t1+t2)

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

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

1
P

O,to O=0' isequalto O=0' t0 0’y (0, «>0',=vt,=V't'))

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

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

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

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

ux _v
cosO—v/c
ux 4 =cosd'= Zd)
2vux 2vux y. Qv
1/ ,/ \/ +-5—=>cosd
c c
cosbO—v/c
cos<|>’=¢T 12.23
sen
And with this we have: send'= o 12.24
VK
ulxl+LI
"'y cosd'+v'/c
ux = ”Zx +V = - C; ¢ =cosh= ¢
\/1+"2+2”;x ¢ \/1+"2 +2"% \/1++2vcos¢’
c c c c c c
cos®O'+v'/c
coscl):d)— 12.25

JK
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!

- sen
And with this we have sendp=

12.26
/KI
The cosine of the angle y with intersection of rays equal to:

vux viu'x' v v’ '

]—7 ]+7 ]—ECOSd) ]+;COS¢
cosy = = = = 12.27

VK VK’ VK VK’
sen ' send’

And with this we have: semy =Y O_y'seng 12.28

cVK ¢ JK'

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

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

2 12 r ot
JK = ]+v__2%x and VvK'=_[1 +v_2+_2v2x are considered variables and are derived.
c ct c ct
1 00 -y
VX Vux
i (A Y] 0 ] 0 0 —_ ]—7
COS\V:J:ax’f =a(x ,VZ, t )= 0 0 ] 0 _ Czt _ CZ 6.8
axj 8(x,y,z,t) _V/C‘2 0 0 1 (]+ﬁ ﬁj \/E \/E
«/E «/Ek c2 czt
1 0 0 V' rot [
J vt viu'x
COS\II:J': 6xk — 6(x,y,2,l) — 8 é? 8 _ cztr _ CZ 88
c c
JE AR

§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:

mO
m=——t
[
2
c
where m, is the mass of the sphere when in resting position and © = |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’
u'x',=v' u'x,'=—v'
u'y',=zero u'y',=zero
u'z',=zero u'z',=zero
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For the observer O the same spheres are named S; and S, and have the
(uxj, ux,, uy;, =uz, :zero) before the collision calculated according to the table 2 as follows:

The velocity ux, of the sphere S; is equals to:

wx = u'x',+v' _ V4! 2
1 - - - -
12 2v'u’x' 12 1o 12
\/I+V N ! ]+v2 +2v2v ]+3v2
c’ c? c c c

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

! ! !

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

velocities

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

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

body of mass

— ’ !
m,=m',+m',.

According to the principle of conservation of momenta for the observer O we will have to impose that the

momenta before the collision are equal to the momenta after the collision, thus:

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

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

masses united (m:m, +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

0 — mO — o
JI_(uZ \/]_w)z JI_W \/1_4vj
2 2 2 Is3

C C C

U=UxX,=2zero

m

[ _ o

ST A

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

u=w

_ mo _ mu mu

m m

0 0

Applying in the equation of conservation of momenta we have:

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

m, m, m,

—22v+m0.0: =W+ =W
/ _4v° \/ _w \/ _w
¢’ ¢’ ¢’
From where we have:
Zm,,v2 _ 2m,,w2 v - w :
\/1—43 \/1—W2 \/1—43 \/I—WZ
c c c c
w=—>V =
]_3L
2
c

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

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

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

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

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

m, 2V

; U= w=
: \/1+3‘; \/ _w \/ W
]_L 2V ¢ CZ ¢

3V
c

2
1+
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!
2m,v 2m,w

\/]_WZ
' 12 2
G e T c
c c %
(1+%)
2m,' _ 2myw
3V 4’ \/ w?
1+7%— -7
\/ ¢t c?
2mpy' 2myw
WZ

vr2 -
\/1_ ¢’ \/1 c?

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

r— )%

w=y
3

2
C

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

§14 Velocities composition
Reference — Millennium Relativity

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

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

=XVt x=_X VI
,_V 14.1a Y 14.3a
) 2
c c
V'=y 14.1b y=y' 14.3b
z'=z 14.1¢c z=z' 14.3c
VX rovx
t—c—z t+c2
t'= - 14.2 = - 14.4
1-Y -V
2 2
c c

From them we obtain the equations of velocity transformation:

U = UX=V wp= WXV
]_vux 14.5a ]+vu'x' 14.6a
c’ c
2 2
uy I—V—Z u’y',/]—v—z
u'y'= 145b | yy=——"+—C_ | 146D
]_vux 1+vu'x’
2 2
c c
2 2
uz,/]—v—2 u'z —v—z
wz'=—>—C_ | 145¢c | uz= s 14.6¢
]_sz 1+vu2x
c c
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Let’s consider that in relation to the observer O’ an object moves with velocity:
u'x'=1,5.10"km/s(=0,50c).

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:

Wx'+v _ 15.10°+15.10°

P 5 5
LUE L1510 .1,5.50
¢ (30.10°)

=2,4.10° km/s(=0,80c).

ux =

1+

Where we use ¢=3,0.10" km/s(=1,00c).

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

ﬁ t( —”) ’00[ 1,5‘]0 . 14~1 0 J
j— 6)60

2 2 5Y
p N/ (3’0-102) = 1'=0,693s .
v v (1,5.10°) V075
cZ CZ ]—7

(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° 0,60

=1,03923.10" km .
NO75

d'=vt'=15.1

To the distance of the object (do, d’o) in relation to the observers O and O’ is given by the formulae:
d, =uxt=2,4.10.1,00=2,4.10° km .

0,60

\075

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

d',=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 #'=t_ /]—V—Z is only possible and exclusively when ux=v and
c

u'x'=zero what isn’t the case above, to make it possible to understand this we write the equations 14.2 and
14.4 in the formula below:
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t(]—vcos d)) t'(]+vcosd)')
t=——rEut | 142 | 1=——E—=——| 144
=Y =Y
2 2
c c

’
Where cosdp=-= and cosd'=>—.
ct ct'

The equations above can be written as:
t'=f(t.0) e t=1"(¢.¢') 14.7

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

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

Dividing 14.5a by ¢ we have:

1t oy COS¢_Z
UX _ € € —cosd'= c 1as
vux v
¢ 1--5 1->cosd
c c
! !
Where COSd):i:ﬂ and cosd)':i:u_
ct ¢ ct’ c
Isolating the velocity we have:
cosd—cos¢’ ux—u'x’'
v_lcosb-cosd) or  v=——"73 14.9
¢ (I-cosdcosd’) | X
2
c

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

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

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

X 100 —v | x

¥y (010 0 |y

] 000K |

That written in the form below represents the same coordinate transformations:

x' 100—v/c| x

¥y (010 O y

7 |7|001 0 |z 15.2
c'| 1000 VK |t
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We call as:

That are the functions x"=x" (xf ):x” ()c1 ,x2,x3, ex? ):x'i (x,y,z,ct)

That in the symbolic form is written:

4
x'=a .x orin the indexed form x”:Zaﬁx’ =>x"=a
j=1

Where we use Einstein’s sum convention.

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

X 100 v || x
y| |010 O |y
2171001 0 | 2
t| {oooVK | ¢

That written in the form below represents the same coordinate transformations:

x 100V/c| x'
y| (010 O |
2171001 0 | »
ct OOOM ct’'

That we call as:

That are the functions x* =x* (x" ):x" (x" , X2, x",ex' ):x" (x',y',z’,ct’)

100v/c

That in the symbolic form is written:

4
x=a'.x' orin the indexed form x* :Za'kl =y =al, x!
=1

2
Being x/E: 1+v—2—
C

The transformation matrices o = ¢; and a'=a';, have the properties:

aa'=a;ay :Zaija’jl =

J=1

4

t ;l_ o ’ —
a«a —ajialk—zajiaik_

i=1

1 12
- (1.7), VK =145+
X C

X X
Yi_| x
z - X
ct cx

g
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x/

)f: (1.8) and VKK =1 (1.10).

—1=5]

w o =

IS

SO~ O
S~ OO
— oo O

15.3

154

15.5

15.6

15.7

15.8

15.9

15.10

15.11

15.12



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

O is the Kronecker's delta.

4 100v/c|100-v/c| [1000
& o100 o010 0 | [0100| , &
= 000~K' | 000 VK | [0001]
4 1 00 O 1 000 (1000
' ' ' 0100 0 100 0100 !
k=1 V/c00NK | —v/c00K | 0001

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

and O is the Kronecker’s delta.

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

1 . ri .
The partial derivatives 8x_] of the total differential dx”:%dx’ of the coordinate components that
X X

correlate according to x'i:x'i(x-’), where in the transformation matrix o =, the radical VK is

considered constant and equal to:

Table 10, partial derivatives of the coordinate components:

o o o' el _pla_, [ar_ v
ox’  ox’ ox! ox’ o’ oxt ¢
ox'’ o'’ ox'? ox'? ox'? ox'?
a/:612 61:0 82=1 3:0 4:0
X X X X Ox ox
6xri 6x13 axr3 axr3 6x13 axr3
== =0 | —=5=0 =1 =0
ox ox ox ox ox ox
ox''_ox't w:() o't oot | ox' K
o' ox | ox ox’ =0 ox’ =0 o VK

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

dx'" 100—v/c| dx!
dx’z _ 010 O dx2
i 71001 0 0 15.15
cdr*| 1000 VK | cax?

That we call as:

dx'" ; 100-v/c dx!
. 12 . ! . 2
dr=dyi=| D g g O OL0 0 e | A 15.16
dx T ot 001 0 dx
cdx" 000 VK cdx*
"V o__ ] "V o__ ax ]
Then we have dx'= Adx = dx ZA dx’ =dx" = p =—dx 15.17

Jj=1
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k

k
W of the total differential dx* :%dx" of the coordinate components that
X

X

The partial derivatives

correlate according to x* :x"(x"), where in the transformation matrix a'=a',, the radical VK'is
considered constant and equal to:

Table 11 partial derivatives of the coordinate components:

ox* _ox! _ | ax! iy ox' _ 8_x1:0 8x: _V

ox' ox! ox'’ ox'? ox’’ ' e

oxt ox? ox’ —0 ox’ | ox? ox’ _0

o' oo e R R

ot ox’ ox’ —0 ox’ ox’ ox’ _0
o 0o T 2 3 4

ox"  Ox ox ox ox ox

6xk ax4 3 ox4 ax4 B ax4 B oxt _JK'

ol et | " ox'’ =0 ox’’ =0 ox' VK

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

dx! 100v/c| dx'
dx? | |010 0 | gx?
dxd 71001 0 | gy 15.18
cdx 000VK' || cax*

dx! & 100v/c dx"!
2 12
de=dit =| 4 | a=af =2 000 0 | dv=av <] 4 15.19
cdx? Ox 000 \/F cdx'*
Then we have: dx=A'dx' " dx" _Ox" o
- dx=A'dx'= dx* ZA dx" = dx* = o dx 15.20

The Jacobians of the transformations 15.15 and 15.18 are:

ol ) 070 0

ax!l x' ’xV ,x/ ,x/

J:axj:axl FERNER “loo1 o :\/E 15.21
o 000 VK

k a 1 2 3 4 (1)?8‘}’66

,_oxt ol xT,xt,xT) =

_Gx_'l_@x'l [RERNERNT “1001 O _\/E 15.22
= Moo o VK

Where VK = 1+——2V“x 2.5), VK'= 1+ s 5 6) and VKK =1 (1.23).
C

The matrices of the transformation 4 and A4' also have the properties 15.11, 15.12, 15.13 and 15.14 of the
matrices ¢ and «'.

From the function ¢=g(x* ):¢':¢'[xk (x”)] where the coordinates correlate in the form x* =x*(x") we
0
have ax('é’ 6)?‘ ngz described as:
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o0¢ _ 0P Oxk _ 0@ ox! + 0P ox2 " 0P Ox3 " 0P x4
ox'"' Oxk ox"' Ox! ox"' oOx? ox"' Ox3 ox'' Ox4 ox
0p _0¢ oxk _ 09 ox! n ¢ ox? n 09 oxs n 0¢ x4
ox'?  Oxk Ox'? oOx!'oOx'? Ox20ox'? oOx3 ox'? Ox* Ox'
00 _0p oxt _ 0 oxt , 08 o, 09 ox 04 o
ox'  Oxk oOx'3 oOx!'ox' oOx2ox" Ox3 ox'* Ox4 Ox"
09 _ 0 oxr _ 04 oxt , 09 ox> 04 aws |, OF ox
ox't  Oxk Ox'* oOx!'ox' Ox2ox'% oOx3ox' oOx* ox'

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

ol o' _gox! e’
ox'! ox'? ox'3 ox'?
. ﬁ:o ox? _ ox’ -0 ox’ —0
¢ z[ o o o @ }{ o 8 & o |ax! ol ad et
a! Low! ax'? ax'? ax'? ax! ox? ox? ox? ] ﬁz() o’ =0 o’ =] o’ =0
ox'! ox'? ox'3 ox'?
6x4 v 6x4 ox? -0 ox? _ 1 (1, V2 , vu'x'!
al K a? o ot mk 'cz ' ¥
Where replacing the items below:
o _ vV v
ox'! sz_cz
o' N
o' «/E
o ( v2 v'u’x'lJ ot 1 (1, v2 vuxl]
o' \/Fk c? _8x4_\/zklc2 c?
Observation: this last relation shows that the time varies in an equal form between the referentials.
We get:
ox! -] X ox! -0 ox! v
ol a’  a? VK
. ox’ —0 ox’ ox’ ox’ —0
6¢:[a o o a}z[a 0 0 o fal " ar? ar? o
o' Lol ox? ox'd ax? ox! ox? ax? ox? | ox’ =0 ox’ =0 ox’ =] ox’ =0
R . S
8x4:L8x _Oax _Oax 1 (1=v2 vuxjj
'l ¢? ox? ox'3 ox'? \/Ek 2 ol

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

have

Ox/

op'_o¢'
ale

axu
Ox/

described as:
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o _0f ovi_ 08 o OF oxr OF o5 OF on
ox!  ox'" ox! ox" ox! oOx'? Ox! ox'3 ox! Ox'* Ox!
o' 09" ox'i 09" oxh n 0¢" ox'2 n 09" '3 n 09" ox'4
Ox2  Ox'i Ox2  Ox" Ox2  Ox'> Ox2  Ox'3 Ox2  Ox'4 Ox2
09" 04" ox'i  0@' ox't | 09" ox'2 | 0@ ox'3 n 0¢' ox's
Ox3  Ox'i ox3 Ox'l Ox3 Ox'? Ox3 Ox' Ox3 Ox' Ox?
09" 09" ox'i _ 0@' ox't , 09" ox'2 , 09" ox's . O ox'+
Ox*  Ox'i Ox*  Ox" Ox*  Ox'? Ox*  Ox'3 Ox*  Ox'4 Ox*

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

'l _, ! _gox! gt
ox! ox? ox’ 6x4
. ﬁ:o ox'? _J ox'? —0 ox'? -0
6¢’:[ o 8 0 8 }{ o 8 o o | R S
ox/ Lax!ox? axd ax? | Lo’ ax'? ax'? ax'? o'’ =0 ax’? -0 ox'? - ax'? -0
ox! ox? ox? ox?
ax'? - ax? —0 ox'? —0 ox'? _ 1 (], v2 vuxIJ
!l 2K ox? a? ox? x/fk | A

Where replacing the items below:

aL,1:—\}: _V,
ot VK’
6x'4 — % :—_V'
o' czx/f c?
4 ( |
ox'"t 1 ot 1 14 v vux

JE(H? WXI] ot K\ & J

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
oo 0 0 0 o 0 o o | ! o’ !
ox’ [ax ox? ox’ ox? } [ax’l '’ ox'3 8x’4 ox'? =0 o'’ =0 o'’ .y ax'? =0
ox! ox’ ox’ ox?
ox'? v ox'? —0 ox'? —0 ox'? ( V2 v’u’x’lJ
_ax] c? ox? ox’ ox* x/_k ? ]

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

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

0 _0 v 0 0o __0 v 0

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

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

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

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

o erac 0|0 |G e e T | %0

The table 9B, in the matrix form becomes:

!
{a o o —a}_[a o 0 -0 8 15.23

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

1
{a o 0 —a}_[a o 0 -0 g 15.24

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

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

Invariance of the Total Differential

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

dx!
0¢ v O , 1, 0P , o, 0P .3 0P ,4 [6¢ 0¢ 0¢ 6¢} dx?

dolx* J=—dx == dx' + =2 dx* 4 dx’ 4 dx" = 15.25
¢( ) oxt ox! ox? ox? ox* ox' ox* ox? cox* dx’

cdx

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

1 00 0 [[100v/c]| ax"
12
g g (0 0 o o 0 100 010 0 | g 15.96
axk axrl aer axr3 Caxr4 O 01 0 001 O dx'
/¢ 00K [ 000K || cax®
The multiplication of the middle matrices supplies:
1 00 0 J1o0v/e] | L 00 v/e
0 10 0 f010 0 | | § of 15.27
0 01 0 (001 O |~ 2 dx’! '
~v/c00VK' | 000K | |—v'/c001+ v
Cc ax
Result that can be divided in two matrices:
1 00 V/e 0 00 V/c
0 10 0 (1)‘1)88 0 00 0
0 01 0 = + 0 00 O 15.28
2vldx;l 0 O 1 O 2vldx;l
—'/c 001+ o 0001 Vv'/c00 7
dx' dx'
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That applied to the total differential supplies:

0 0 0 0 0100 dx'
d¢:6)c_kka :[ax’l ox'? ox” c@x"‘} 0o1o0ff © 99 2v'(c):’x’1 dx” 1929
0001 ] |—//c002LA 1 s

Executing the operations of the second term we have:

0 00 V/e "
oo 0 o] 000 0 }ON L, 0 2 d B
{ } 0 00 O X =2 dx' v =gyt L 4
ox'' ox'? ox”? cox'? vy || 4x ¢ ox't ox'! c’dx't o't
—v'/c00 > 2 cdx’4
codx'
Where applying 8.5 we have:
Voo gl a8\, 2dx 8
c? ox'* d e c? dx't ox'4 "2 dx't ox' di'i=zero
Then we have:
8 885 o
{ 0 0 0 54} 0 00 0 ||z 15.30
ox'" ox'* ox"” cox’ wdy'! || ax
—v'/c00 2 2 Cdx’4
codx'

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

o6 1000 dx'; ”
_O0p x| 0O 0 0 0 |0100| dx” |_09" , . '
d¢_6xk dx _|:6x'1 6x'2 6)(;'3 cax,4:| 0010 dx,3 P ;ld d¢ 15.31
0001 | ey
In the observer O’ referential the total differential of a function ¢(x”) is equal to:
dxrl
) ’ ) ’ U ’ / ’ ’ ’ ’ ,2
d¢'(x” )=a—¢_dx” =a—¢labc’1 +a—¢2abc’2 +a—¢3abc’3 +a—¢4abc’4 =[ 6¢1 8¢2 8¢3 6¢4 } dx,} 15.32
ox'"! Ox' ox' Ox' ox' Ox"" Ox'* ox'” cox’ ‘3‘ .
cax

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

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

aw,[aaaa 010 0 010 0 | &2
dp/=—"dx'" =| ——— " , 15.33

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

v/c00JK 000 VK || cax?

The multiplication of the middle matrices supplies:

1000 J100-v/c] | L 00 —v/e
0100 fo10 o | |5 3% O 554
001 0 o001 0 |7 N :
v/c00K [000 VK v/e 001555

c ax
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Result that can be divided in two matrices:

1 00 —-v/c 0 00 —-v/c
010 0 (1)(1’88 000 0
0 01 0 = + 0 00 O
2vdyx! 0010 2vdx!
v/c001-221 10001 |v/c00-222
cdx c?dx

That applied to the total differential supplies:

a¢ 1000 0 00 —v/c :

' 0 0 0 0 0100 dx

dg'= P——"— }OMO+ 000 O s
0001

W’ ox' ox? ax® cont

Executing the operations of the second term we have:

0 00 —v/c

dx'
000 0 1
[aaaa}ooo 0 | |en 0 g 0 g vy 0

ox' ox? ox? cox® 2vdx' ?1 ¢’ ox* &1 c? dx* ox?
cdx

4
cidx

v/c00—-

Where applying 8.5 we have:

v 0 ! 1 dx! )@’ 2vdx! 0O dxt =zero

v
c? ox* \ 2 dx* ox* c? dx* ox*
Then we have:
0 00 —v/c 1
dx
000 0 ,
22020000 0 |4 |z
ox' ox* ox® cox 2vdx' || 4%
v/c00 -2
c2dx

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

, 1000] dx!
9= 4 [aaa 6}8(1)(1)8 |08 4i g4
6” ox' ox® ox® cox* dx ox’
0001 gy

Invariance of the Wave Equation

The wave equation to the observer O is equal to:

V”1a¢2_a¢2,a¢2,a¢2 16(/52_[666 a}
7 - ' 2 - 1 A2 A3 4
Ox Ox” Ox” cOx

coco~—
co—~o
o—oco
lLooco
|2
L8]
|
S

Where applying 15.24 and the transposed from 15.24 we have:
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r ] X
2, 104> [0 o o o 1910005100 ¢ o
Vg 2 2 1 2 3 4 0010 00100100
c a(x“) ox" Ox'= ox'” cox' _VIOO\/F 000-1 001 O 0
— —_— '3
c 000VK'] o
cOx
The multiplication of the three middle matrices supplies:
] l100 ¥
298 0 Trooo 1002
00108})?8010028})? 0
- , oot o vy
; 00VK' [000-1 000K | |2 001220 ux
C
Result that can be divided in two matrices:
-V -V
oo == 10007 %0 —
010 0 o100 4 000 0
001 0 1_0010 000 0l
—vOO_l—ZVthx 000-1 —v00—2v
c c c c
That applied in the wave equation supplies
G
000 Y IES
, 1000 ¢ 0
v2¢1a¢:aaa 0 0100+000 0 ox'2
cza(x“)z ax' o' o' cox'* ||| 0010 000 0 o 0
000-1 100—2\/ o'
C c2 8
cox'* |

Executing the operations of the second term we have:

R
- 7 axll
000 - P
[aaaa}oooo awr|__v.o o v o 0
o' ox? o eoxt ]| 0 00 ,0, ¥ 0 o't ' awt o 02 a(x"‘)z
_()()_2"—2 ox”
c c i o
| cox'* |
Executing the operations we have:
2V 0 0 Vu'x"" 02
c2 ox''ox't ¢ ¢ a(x'4)2
Where applying 8.5 we have:
’ 111 " u'x'! 2
ZV{ u'x't 0 \8 2V'u 0 —ero

c2\ 2 a4 lox’t 2 2 8(}6'4)2
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Then we have:

i
- ax!
000 - P
8 0 0 o ] 000 0 |
axrl aXIZ axf3 cax!4 000 0 0 —zero
__vloo_zvlulxll axT
c ¢t | @
Lcox" |

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

0
- x,l
; 10007 _© )
vig ! o¢ :[a o & 0 }0100 ox' :V2¢,_Li
c? 6(x4)2 ox'! ox'? ox” cox'* 88(1)_01 ax% ¢’ 8(x’4)2
| cox™ |

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

o
} o'
2 2 2 2 2 1000 i
vip-L 00 _ 09", 00", 0 1 0f :[6 0 08 0 }85?8 o |-
2 , 2 , 2 , 2 , 2 2 , 2 /1 12 13 14
c 8(x4) 6(x1) 8(x2) 8(x3) c 8(x4) ox'" Ox'* Ox'” cox 000-1) =5
0
L cox'* |
Where applying 15.23 and the transposed from 15.23 we have:
_i_
1 o'
) 090 0 fooojroo > | o
! 2
¢ 8(x'4) Ox' Ox” Ox” cOx Y 00VE [000-1 001 0 | @
- - 3
c 000K J 0
| cox* ]

1 v 100 2
0‘1)8 8 1000]100 = ¢
001 0 8(1)‘1)8 010 0 |-[00¢ 9
Yook [000-1]00L O ||} 2y’
c 000VK | | 2001+
C

Result that can be divided in two matrices:

v v
100 " 1000 000 "
010 0 10100 +000 0
001 0 1001 0 000 O
X00—1+2sz1 000-1 3002\/142)6
c c c c
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That applied in the wave equation supplies:

v T et
2 1000 000 c 0
Wﬁl M': 0 0 0 0 m00+0w 0 o2
c? 8(x’4)2 ox' ox? ax® cox? 0010 000 O i
000-1 XOOZVWC1 P
C I} i a

cox* |

Executing the operations of the second term we have:

0

v | ax!

000 % 12
[iiia}oooo an?|_v 9 0 vo o 2vux' &
ox' ox? ox’® cox* 000201 O | Faxtaxt Faxtaxt Fc? 6(x4)2

v vux | a3

COO = %

ot

Executing the operations we have:

2v 0 0 ,2vux! 02

c2ox! dxt ¢ ¢2 a(x4)2

Where applying 8.5 we have:

2v{—ux1 0 \8  2vux! 02

c2\ 2 x4 /oxt 2 ¢2 8(}64)2

=zero

Then we have:

0

v | ox!

0002 12

0.0 0 27000 0 |a’|

ax' ox? ox’ coxt | 000 0 o |7

KOOvac1 8x_3

T

ox*

vig-J og” :[a o 0 a}
c’ 8(x’4 )2 ox' ox? ox’® cox*t

coco~
co~o
o—~oo
ILooo
o))
S
w [
|

2
o |7V

1 0¢°

AT
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Invariance of the equations 8.5 of linear propagation

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

o wx' & _ 0 v o  1X') s b

ox! 2 x4 zé’x'l ctox't ¢ JK' ox'4 —zere
Executing the operations we have:
1 ! 1\ !
0 ,ux! O 0 VvV 0 ,ux''" 0 ,v a:zero

Oxl 2 Oxt X'l crox't 2 X't ¢ o'
That simplified supplies the invariance of the equation 8.5:

O ,ux! 0 _ 0 , u'x!' 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 o .v o 1)~
= = = K———=
ox'' 2 ox"t Ox' c2ox* 2 JK \/_ax“ zero

Executing the operations we have:

O ,ux' 0 _ 0 ,v 0 ,uxt! 0 v 0

T = T T =zZero
ox'"' ¢ ox't Ox! c¢?2ox* c¢? Ox* c?Oox?

That simplified supplies the invariance of the equation 8.5:

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

ox'' ¢ ax't ox! 2 ox* —zero

The table 4 in a matrix from becomes:

px 100-v/c] px'

px’z 010 0 p)c2
3171001 0

px px

E'/c| 000 \/E E/c

px' | [100v/c] px"

px°|_ 010 O p)c’2
3T 001 O 3

px | P

| E/c 000\/? E'/c

The table 6 in a matrix form becomes:

[t ] T100=v/c] Jx'
J'x?| (010 O Jx?
J'x*1001 O I
cp' | 1000 VK | cp

[ ! 100V /c| J'x"
sz _ 0 1 0 O Jlxlz
T3 71001 0 | jryd
cp | [000VK' | cp'
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Invariance of the Continuity Equation

The continuity equation to the observer O is equal to:

Jx!
-~ Op aJx' ox? o Op [ 6 0 0 0o } Ji
VJ+—= : : + = ——— =zero 15.57
at ooyt A ax® oxt Lax! ax? ax’® coxt || X’
cp
Where replacing 15.24 and 15.56 we have:
1 00 0 [100v/c]| Jx"
oo r 12
V.J+a—p= 0 0 0 0 010030100}y =zero 15.58
ax4 axrl axrz axr3 Caxr4 0 O l 0 0 0 l O J'x’3
—V'/c00VK"|000VK" || cp'

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

1000] | o 00 Vi€ I
6"'}—f_aa_’i¥:|:aarl aarZ 6613 6814:| 8(1)(1)3 + 0 00 0 1 :5:.;:‘:3 15.59
TR e e 0001 |—v/c00 R
C
Executing the operations of the second term we have:
0 00 Vv/c L
0 00 o0 |[7/X L Ay 'ay
{a o 0 0 } 0 00 o |J¥|__vaen Vo' wu'x" dp
ox'' ox'? ox”? cox'? 2 x" J'x"? ctoxt ! ¢t ot
/00Xy
C
Where replacing Jx''=p'u'x'" and 8.5 we have:
1 0o 11 e 0o
Vviu'x't 0p :v’( u'x'' 0o )p,=2vux P —ero
2 x4\ 2 oy’ cr  ox'4
Then we have:
0 00 v/ .
s s 5 51 0 00 "o ¥
{ } 0 00 0 |/X |=zero 15.60
ox" ax'? ox"? cox'? 't || X

—'/c00 > cp'
c

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?| o, Op
VJ+—= =V.J+——— 15.61
+8x4 [6x’1 ox'* ox"? c@x"‘} 0010 gy +8x'4
0001 cp'

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

0,

J'x

== Op' _oJ'x" alx'? oJ'x® dp [a o o 0 }J'x'z
V.J'+ = : + + = — — =zero 15.62

o't o' ox'"? ox”? o™ Loax ox'? ox” eox' J’x"3

cp

Where replacing 15.23 and 15.55 we have:
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1 00 0 [100—v/c| Jx'

[ ! 2
V.J,+8p _| 0 0 0 0 0100 3010 0 B~
ot Lo ax?axcaxt ] 0 01 0 JO0L 0

v/c00yK 000 VK | ¢p

1000 Jx
s [0 0 o o lotool,] o000 O |l
e e e LS UL o8
e 0001 [ve00-2 ()0,

C

Executing the operations of the second term we have:

0 00 —v/c 1

000 0 | 1
{iii 0 } 0 00 0 Jx*|_v oJx' vop 2vux' op
ox' ox? ox? cox? 2vux' et ' o axt

v/c00-— cz cp

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

vux! 0P (uxl 0 ) 2vux! Op —ero

c? ox* \ 2 x4 c? Ox*
Then we have:

0 00 —v/c T

0 00 0 *
} 000 0 [P |=zero

X

2 1
v/c00-— vuZx cp

c

{iﬂi 0
ox' ox* ox? cox?

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

5 1000 Jx; 5

=5, 0p' 0 0 0 0 (0100 x%| o3, Op

g +6x’4 [le ox? o’ c@x“} 0010} jx’ +6x4
0001] ¢p

Invariance of the line differential element:

That to the observer O is written this way:

100 07| dr]
(ds) =(a’x1 )2 +(a’x2 )2 +(a’x3)2 —(cabc4 )2 = [dx1 dx’® dx’ cdx4] 8 (1) (1) 8 213
0001 cax?

1000 1169007100 ¥ [ ax

) 910005700 ¢ | gy
(ds) =[ax ax? axcar*] 001 0 | 5590 010 0 o
Voo e 0loo1 o )

¢ QOVKT000=1] 500 vk [Led

The multiplication of the three central matrices supplies:
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: v
(1)‘1)88 1000 100% 1oo 2
001 0 8(1)(1)8 010 0 :8(1)(1) 8
v , 0loo1 o , IR
2 00K [000-1) 00 i £00-1 szddfi
Cc ax

Result that can be divided in two matrices:

1 v v
00 c 1000 000 c
010 0 _|0100 + 000 0
001 0 10010 000 0
Voo Z2vdxt | [000-1] v o -2vidy"
c Czdxm c chx14

That applied in the line differential element supplies:

V!
10007 |20 c dx’;
(ds)2 :[cz’x’1 dx'"? dx"> cdx™ 8(1) (1) g + 8 88 8 dx,3
000-1] | v oo =2v'dx" | |l ey
c Cde/4

Executing the operations of the second term we have:

v __
000 . dx’; 1 ) |
a2 a3 541000 0 dx'* |_V'dx" cdx' (Voo 2v'dx |
[dx dx'” dx" cdx 0,0 0 9 ) N +cdx (c dx ey cdx j—zero
v 00 _22V dx - _cdx’4
¢ ¢ dx'
Then we have:
v
000+ dx'!
[abc’1 dx'? dx" cdx* 8 8 8 8 Z§,3 =zero
v 00 _22"' 'dx;l _cdx’4
c ¢ dx'" |

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

007 ax'
(ds) = [abc’1 dx'? dx" cdx'* (1) 8 Z;C:j = (abc’1 )2 +(dx’2 )2 +(dx’3 )2 —(cdx’4 )2 =(ds')
0

-1 Cdx’4

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

r1

2 ( ,1)2 2 P i3 14 [ o2 03 '4] (1)(1)88 Z))CC'2
(as'y =(ax +(dx )+(dx )—(cdx ): dx" dx'” dx"” cdx 0010 || g
000-1] |can

Where replacing 15.15 and the transposed from 15.15 we have:

10000007100 =2 [ ax'
) 9010046700 4
(as') =[ax'axax’eaxt] 0 01 0 |9090 010 0 o
=VoovK |000-1] 001 O I

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

1000 T 000T100=2] [ 100 —
0100 45790 cllo1o0 0
001 0 001 0 8(1)(1)8 =001 0 15.76
- 1
_ _1 _
c0OVK 0001 o0 e | |2 g14 20
cdx
Result that can be divided in two matrices:
-V -V
Loo = 10007200 &
010 0 lo100 000 O
001 0 1‘0010*000 0 15.77
—_VOO_1+2de 000-1 —_VOOZde
¢ crdxt c cldxt

-y
10007 (%00 = dx;
N ;05253 ,41/0100 000 O dx
(ds)—[dxdx dx’cdx 0010 000 o0 e 15.78
0001 |—v 2vdx ||| cdx?
c cldx?

Executing the operations of the second term we have:

_ 7
000 - dx; o 1
[cl)cld)czcl)c3ca’)c4 8 88 8 1 2;3 :M +ca’x4(_7vdx1 +%%cdx4j:zem
Yoo 2vdx_ _cdx4
c ¢t dx*
Then we have:
—y
000 = dx;
[cl)cld)czd)c3ccz’)c4 8 88 8 Z,; =zero 15.79
Yoo ﬂdil cdx*
c cdxt]

1000 dx;
(ds’)2 :[dxldxzdx3cdx4 8 (1) (1) 8 Z; :(abcl)2 +(abc2 )2 +(abc3)2 —(cabc“)2 :(ds)z 15.80
000—1| gyt

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

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

Table 7B
E'y'— ExJK E :E YvK'
(1_Vj 7.38 (1+ v j 7.48
ux u'x'
E'y'= EyJK 731 | By=EYNK 7.4.1
E'z'= EzJK 732 | Ez=E'Z'VK' 7.4.2
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B'x'=Bx 7.5 Bx=B'x' 7.6
'y — l — R I_L’ "t
B'y'=By+— Ez 751 | By=By=FEz 7.6.1
B'z'=Br——E Br=B'z+ Y E'y
75 7.5.2 PERR 7.6.2
ux ,o,ou'x
By=—"7£2 7.9 By=-—74t" 7.10
_ﬂ r u'x' [
(i)
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:
(AW 1! 1 '
aExlaEylaEzzﬁ 8.14
ox' oy 0z ¢,
Where applying the tables 6, 7B and 9B we have:
(6 v 8 ExNK I5Ey\/E|EZ\/E:p«/E
ox c2ot J(l-v/ux)” oy = oz &
Where simplifying and replacing 8.5 we have:
0 ,V(—l 8)1 Ex OBy Ez_p
ox \uxox)|(1—v/ux) oy oz e,
That reordered supplies:
Q( v )1 Ex OBy Ez_p
o\ ux ) |(1—v/ux) oy oz e,
That simplified supplies the invariance of the Gauss’ Law for the electrical field.
Invariance of the Gauss’ Law for the magnetic field:
[ B’ 4 1!
0B'x :a J :aBZ:zero 8.16

o' oy | oz

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

0, v o o( Vo)
: Bx+ By+—FEz |4
(Gx c? Gt) o v\ Y c? Z)

That reordered supplies:

0(p V)
GZKBZ 2 Ey)—O

0Bx OBy 0Bz v (Q0Ez OEy 0Bx)_,
ox oy oz ¢\ oy oz ot

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

aE!y! a !x!: aB!Z!

8.18
o' o or

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

) el e e Loy

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

aEy( v\ OEx _ 832( )
8xk ux ) oy 8t\ ux

Where executing the products and replacing 7.9.1 we have:

OEy OEx_ 0Bz v (GEy ux OEy
ox Oy ot ux\ ox c? ot

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

Invariance of the Faraday-Henry’s Law:

OE'z’ OE'y'  OB'x'

= 8.20
& o ot

Where applying the tables 7B and 9B we have:
OE
Pz k- VR =K B
oy oz ot
That simplified supplies the invariance of the Faraday-Henry’s Law.
Invariance of the Faraday-Henry’s Law:

OE'x' OE'Z' _ OB'y'

8.22
oz ox' ot'

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

o )i:j;c) (v orgy Jo VR =R Gy b

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

OEx GEZ( v v@EZ(l v): 83)/( v v@EZ( )
Oz ka ux) ¢ ot ' ux 8tk ux) c? GtK ux

That simplifying and making the operations we have:
OEx 0Ez_ OBy v(@Ez 9By
oz ox o ux\ ax o

Where applying 7.9 we have:

OEx OEz__ OBy v (0Ez ux 8Ezj
Oz Ox ot ux\ ox 2 ot
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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:

By BY_, yve,u, agﬂz

= 8.24
ax! ay! o

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 v20FEz 1 2vux0Ez v OEz v OBy 1 v20Ez
ox 0Oy Ho oMo T e Bt ¢ ¢ br ¢ ox 2 Bt P

Where simplifying and applying 7.9 we have:

OBy 0OBx _ Joie y OBz 1 2vuxOEz v OFz v( —ux@Ez)
ox Oy Ho oMo T 2 Bt e ox c2\ ¢c2 ot

That reorganized supplies

OBy 0OBx
E—E=ﬂofz+goﬂo

OEz v(ux@EzlﬁEz)
ot c2\c?2 dt  oOx

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:

r ! B’ 4 [
aB 2 _a y _:LluJ'x'-’-guﬂu agt-rx

= 8.26
&y oz

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

0, v .\ 0 p v j_ B 0 Ex"K
ay(Bz By ) aZkBy.czEz =11, (Jx pv)+80,uo\/E—at (/)

Making the operations we have:

OBz OBy v (OEy OE:z , ( v2 2vux \OEx 1
———= : : 14
oy o Mg e P e\ M o (/)

Replacing in the first parenthesis the Gauss’ Law and multiplying by (l—lj we have:
ux

0Bz 0By 1ive yy OFx, v(0Bz 0By

dy oz ot ux\ oy oz

\ v 0Ex v2( 10Ex\, 1 v20Ex 1 2vux0dEx
) €2 Ox c2\ux Ox ) crcr &t ¢ ¢ O

HoJx

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

0Bz 0By _ OEx v (uxOEy uxOEz o |- OEx v2(—10Ex\, 1 v’ 0Ex 1 2vuxdEx
Ot ux cz ay Icz 0z Hoptt cz Ox Iczkcz ot Icz cz ot c2 cz Ot
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That simplified supplies:

0Bz OBy _ OEx v (OEy OFEz o2 )\ v 0Ex 1 2vuxdEx
oy oz 2\ oy oz Fo p) c? Ox c? c¢* ot

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

0Bz OB y Jete OEx v O0Ex v 0Ex 1 2vux0OEx
ay oz Mo M5 T ax ¢ ax ¢ ¢ at

That reorganized makes:

0Bz OBy
oy oz
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:

1 Jere OEx 2v( OEx  ux aEx)
0

ot ot 2\ dx ¢ ot

Invariance of the Ampere-Maxwell’s Law:

OBy OB Jyre,u, o 8.28
Oz ox

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

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

Making the operations we have:

OBx 0Bz _, . . . OEy 1v20Ey 1 2vuxOEy v OEy v 0Bz 1 v20Ey
oz ox HoVTEMTE T o 2 2 o 2 Ox 2 o ¢l o

Where simplifying and applying 7.9.1 we have:

—_— +

oz ox HoY

OBx OBz OFy 1 2vuxOEy v OEy v(ux OEy
M0 et ¢ ar e ox c2\c? ot

That reorganized makes:

0Bx 0Bz PEy v (ux 8Ey OEy
Bz ox HoTEMTE T o e e 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 Gauss’ Law for the electrical field without electrical charge:

OE'x :a Y :aEZ =zero 8.30

o' oy | oz

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

( v 0\ ExvJK 8ny/_ EzVK _

ox c2ot)(1 —v/ux) oy oz ¢

Where simplifying and replacing 8.5 we have:
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[a, (—16)1 Ex OEy Ez

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

o(, v\| Ex | OEy Ez_
[ax(l uij(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:

By oBx__  OE'Z
ax! ay! Uﬂu al,!

8.40

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

0 v o Vo) OBx _
: By+—FE VK E VK
(Gx c? GtJ( s Z) oy Eothy z

Making the operations we have:

OBy 0Bx . OEz 1v20Ez 1 2vux0Ez v OEz v OBy 1 v?0Ez
ox oy Moo T e Bt ¢ ¢ bt ¢ ox 2 Bt el

Where simplifying and applying 7.9 we have:

aﬂ_@ﬁzg OEz 1 2vuxOEz v OEz v(—ux@Ez)
ox Oy oMo T ¢ e ox c2\ e2 ot

That reorganized makes:

OBy 0Bx o OFz v ((ux OEz 8Ezj
ox ay o5 c2\c? 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' e OE'x'
ay’ aZV o /’lo at'

8.42

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

(g, \ 0( n . 0 ExVK
8)’(8 Ey) KByI J OluO\/_ ot (1-v/ux)

Making the operations we have:

@_GBy 8Ey OEz ), .. (1."2 2vux \OEx 1
oy Oz 8y oz )T e e Jar (1-v/ux)

Replacing in the first parenthesis the Gauss’ Law without electrical charge and multiplying by (1 - v/ux) we
have:
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OBz OBy OEx v (0Bz OBy v dEx v*( 1 0FEx), 1 v?dEx 1 2vuxdEx

oy Oz “Foth Ty ‘ux\ dy 0z ) ¢ ox c2\ux ox ) crer ot ¢ ¢ ot

Where replacing 7.9, 7.9.1 and 8.5 we have:

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

That simplified supplies:

0Bz OBy _ OEx v (OEy 0Ez)\ v 0Ex 1 2vuxodEx

oy Oz oty e\dy 6z )crax 22 o

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

0Bz 0By _ OFEx v OEx v 0Ex 1 2vuxoEx

oy Oz Cls e 2 x at

That reorganized makes:

0Bz OB
aZTZyzﬂo Jx+ey

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:

OEx 2v( OEx  ux GEXJ
ot czkﬁx c? Ot

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

oB'x' OB'z OE'y'
= 44
o ox oMoy 8

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 or clcl o

Where simplifying and applying 7.9.1 we have:

—_— =&
oz ax e o 2 ar e ox c2\c? ot
That reorganized makes:

OBx 0Bz _ OEy 1 2vuxOEy v OEy v (ux aEyJ

OBx OBz _ 0Ey v (uxOEy OEy
AL T AL Sot '
oz  oOx ot 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:
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§15 Invariance (continuation)
A function £'(@)=f(kr —wr) 2.19
Where the phase is equal to 8 = (kr - wt) 15.81

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

= zero 15.82

k- 3 (x2 +y’ +22) 6f(0)+ﬁ(x2 .y +22)azf(9)_k2 2> 1(6)
r 00 r? 00? PY'E

2
r

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

A unitary vector such as

n zcos¢f+cosoﬁ+cosﬂl€ 15.83
X X z z

where cosp=—=—, cosa=X=Z, cosff=—=— 15.84
r ct r ct r ct

has the module equal to 7 = |ﬁ| =n.n = \/cos2 p+cos’ a+cos’ f=1. 15.85

Making the product

2 2 2 2

. - = N+ = - +y7+

n.R:(cos | +cosaj +cos Pk )(xi +yj +Zk):COS@C-FCOSO[)/-FCOS,BZ:u:r—:r 15.86
r r

we have r = 7i.R = cos ¢x + cos ay + cos 5z that applied to the phase & supplies a new phase
= (kr - wt): (kﬁﬁ - wt): (kcos¢x+kcosay+kcosﬂz - wt) 15.87

with the same meaning of the previous phase =0 .

-5 w
Replacing ¥ =n.R =cos¢x+cosay +cos fz e k=— in the phase @ multiplied by —1 we also get another
c
phase in the form

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

C C

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

Thus we can write a new function as:

f(@)zf{w(t cos¢x+cosog/+cosﬂzﬂ 15.89

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

s” o+ - = zero 15.90

o0’ f(d)w? o0 f(d)w? o f(d)w? o f(d)w?
aq>(2 )c_zmz‘é+ acp(2 )c_zco 2 acp(z )c_zcoszﬂ acp(z )0_2

that simplified meets the wave equation.
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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’ +y2 +z° of the origin, an electrical field E described by:

E = Exi + Eyj + Ezk 15.91

Where the components are described as:

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

That applied in E supplies:

E=E, fQF +E, /(@) +E,f(@F =[E i +E,j+E,]/(@)=E, /(@) 16.93
with module equal to E:\/(E V+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, Exo 15.96
And module E, :\/(E Y+, P+E.,) 15.97

Being f(CD) a function with the phase @ equal to15.87 or 15.88.

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

OEx _ E of (©)o® _ E of (@) dkr—wt) _ E o (@ )hox _ ; of (@) kx 508
ox od ox oD ox ob r oD ct
OEx _ . of (@)od e of (@) dkr—wt) _ E 6f(CD)(_W) 1509

o od o * od ot oD

that applied in 8.5 supplies

S _t

OBx x/toEx_ .~ . of(®)0® x/t  of(@ov__ . M(acp x/tGCDJ:Zem

ox ¢ ot Yood ox ¢t Y od ot ood \ox ¢ ot
5f(®)[5®+x/215®jzzem:>5£+x_/2’@=zem 15.100
o® \(Ox c¢° ot Oox ¢~ Ot

demonstrating that it is the phase @ that must comply with 8.5.

oD  x/tod Akr—wt)  x/t d(kr—wt) ke x/t
+———=zero—> + zero —>—-+——

x w
> 5 5 (~w)=zero="—| k—— |=zero
Ox c¢° ot Ox c ot ct ¢ ct c

w
as k =— then E, complies with 8.5.
c
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As the phase is the same for the components E, and E, then they also comply with 8.5.

As the phases for the observers O and O’ are equal (kr—wt)=(k'r'—w't') then the components of the
observer O’ also comply with 8.5.

Olkr—wt)  x/t olkr—wt) _o(k'r'—wt) x'/t olk'r'—wr)__ 15.101
0x c’ ot ox' ¢’ or'

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

Applying in 8.5 a wave function written in the form:

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

where [ = \/—_1

Deriving we have:

a—‘P:—ksen<1)+kicos<1) end a—‘P:wsenq)—wicosq) 15.103
ox ot
oV ; :
or XX _ kei® ang X e 15.104
ox ot

That applied in 8.5 supplies:

b4 b4
% x_/zt(';_t = zero = (— k sen® + kicos @)+ x—/zt(wsenCD —wicos®) = zero
X c c

that is equal to:

[—k+ﬂjsin®+(l€i—mjcos® = zero

2 2
c't

oV x/to¥
r—+——=
ox c2 Ot c2
where we must have the coefficients equal to zero so that we get na identity, then:

xw xw
—k+T:Z€}"0:>k:—2
c't c't

. XWI xw
kz——zzzem:k:—2
ct c't

. /t .
(ke’q) )+ x_2(_ we'® )= zero= k=%
c ct
Where applying w = ck we have:

xw  xck X
k=—=—=—=c
c’t ¢t t

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

X
If we apply w=uk and v= ?we have:
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xw  vuk c
k=—=—F=u=—.
c't c 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=tJK' = y= y’x/F 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 u'x'=ux—v. In that one if we have ux =c then
u'x'=c—vandif we have u’'x'=c then ux = ¢ +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.

The time and velocity equations of tables 1 and 2 can be written as:

2
t'=t 1+V——&cos¢ 1.7
cz c
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V= v 1.15
2

v v
l+———cos¢
6‘2 c
2
V' 2V
t=t', |1+ —+—cos¢’ 1.8
cz c
vl
V= 1.20
2
v AV
1+ +———cos¢'
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)=¢(v,1) 1.9
1= (v.1.9) 7
v=g(v,¢4) 1.15
t=f"(v.t'.¢) 1.8
v=g'(v.9) 120

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

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

R .
p=—i 16.1

c

The elevated to the power of two supplies:

2 2

u C 2
="p 16.2
¢’ E’?

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

2

m,c 2
2 2 2 2 4
E =0—2 =FE -F ”—2=moc
-4 ¢
2
c

Where applying 16.2 we have:

2 2
E2—EZZ—sz,fc4:>E2—EZ%pZ:m,fc":E:cq/pz—i-m,ch 4.8
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From where we conclude that if the mass in resting position of a particle is null m_ = zero the particle
energyisequalto E=cp. 16.3

That applied in 16.2 supplies:

2 2 2 2
U _C ol € 2y 16.4
¢ K < (ep)

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

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

h h
yh= ykp:p—x and in the same way p'= 7 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:

p'=p- iv:p =p +E % —2ivpx
¢’

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

4 2

2 2
2
pl=p’ +_(cp) -2 pvp =>p'=p 1+ _ = p'=pJyK 16.6

c c

Where applying 16.5 results in:

p'=p\/E:>%:%\/E:w=i or inverted /1=L 2.21

JK VK’

Where applying ¢ = yA4 and ¢ = »'A"' we have:

y’=y«/f orinverted y = y'vK' 222
In § 2 we have the equations 2.21 and 2.22 applying the principle of relativity to the wave phase.
17 Transformation of H. Lorentz

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

X’2+y'2+z'2—c2t'2=x2+y2+22—czt2 17.01
In this equation canceling the symmetric terms we have:

x? -t =x7 ~c’t? 17.02
That we can write as:

(x'—ct')(x' +ct') (x— ct)(x+ct) 17.03

If in this equation we define the proportion factors 7 and u as:
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17.04

{(x’—c t') = n(x—ct)

(x’+ct’): ,u(x+ct) B
where we must have 7.1 =1 to comply 17.03.

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-t?=(ve) —ct? = t'=t [I-Y5 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,/]—v—jj=77(vt—ct) A

17.06
2
(0+ct,/]—v—2j:,u(vt+ct) B
c
From those we have:
17.07
Where we have proven that n7.u=1.
From the group 17.04 we have the Transformations of H. Lorentz:
wonrs) () 17.08
2 2
PV R UL 17.09
2 2
_(77—"_:”) IL(U_:U) ’
xX= 3 X' 3 ct 17.10
_(77—/1) IL(U—F/U),\, '
ct= 2 X' 2 ct 17.11
- n+u H—n n—u.
Indexes equations 3 3 and 7
1+ 1-Y 1+ Y41-Y
-~ 1+ ;v 1.V v’ v?
c c c c == I=—5
c c

67/212



I B —
o c _ c _ c c _ c KN c
IU 77_ 2 = 2

1+ Vi-2 \/1+V\/1—V v v’
c c c c c o2

\% \% \% \% \% \%

yi ]+E_ 1 o I+=—1+— ~ - :U;ﬂ_ -
=7 \1+7 \/I—V\/HV \/ v’ v
C CZ c2

Sagnac effect

17.13

17.14

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 (c) | Equation Counter-clockwise ray (u) | Sum of rays
Result Result
Condition x,=cCt, Condition x,=—Ct,
17.08 x'.=uct, 17.08 x' =-nct,
X' =X, X', =nx, X' AX = ux +nx,
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, =—puct',
x.=nx', X, =ux', X +x,=nx'+ux',
7.1 ct,=nct', 7.1 ct,=puct', ct.+ct,=nct' +uct',
x.=cCt, x,=—Ct,

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

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

D'=ct'_+ct',=uct_+nct,
D=ct_+ct,=nct'_+uct’,

A
B

17.15

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:
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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.

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:

et |=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:

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

=|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 °
t=uct', D
ct' =u’ct A
c , ! 17.21
ct',=n-ct', B
Summing A and B in 17.20 we have:
+
ct'_+ct' =2ct(772'u):D'=D(n—’uj =>D'=—rr— 17.22

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.
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Hypothesis C:

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

et |=let,|=|ct] 17.23

That applied to the tables A and B results in:

ct'=uct A
Quadro A c
ct'=nct, B
17.24
ct.=nct c
Quadro B c
ct,=uct' D
ct,=n’ct, A
2 17.25
ct,=uct, B
Summing C and D in 17.24 we have:
+ + t!
e (g B (AR R 2 1726

s

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
( 22 ___4nRv

c V2 C’\/CZ—VZ
J——
(&}

) 27R

At=t_ —t,=t'(n-p)= 17.28

2
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§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:

r

ct'.=ct (]—&j:ct’ =ct.K. (1.7) ct_ =ct' (1+vcj:>ct =ct' _K'. (1.8) 9.11
C [ C C C C ) c C C C c C - :

v v V' V'
r=— v =—% (1.15) v, =——=v_=—5% (1.20) 9.12

C K C ’ C K!
)" 2] "
C C

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

v

d.=v_ t.=v'_t', 9.13

Where we have:

(I—EJ(HVCj:KCK'c:] 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:

'=ct,| 1+ = 1 —ctr | 1- Y —ct! K, (1 1

ct',=ct, +? =ct',=ct,K, (1.7) ct,=ct',| I- z =ct,=ct',K', (1.8) 9.15
VU VU V'ZJ V'ZJ

v, = =v',= (1.15) V= ~=>V, =7 (1.20) 9.16

uT /7 N\ v g u ’ T g
(2) " o)
C C

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

Where we have:

(1+V” j(]—vuj:KuK’uzl 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
9.15 t0 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,
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1.2 x'.=ct_K_ 1.2 x' =—ct,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
Equation %ﬂ?g‘;'se ray of Equation ﬁ;ohutr}tue)r clockwise ray of Sum of the rays of light
Result Result
Condition |x'.=ct', Condition |x',=—ct’,
1.4 x.=ct'_K', 1.4 x,=——ct' K',
x.=x'_K', x,=x",K', X +x,=x'_K'_+x',K',
1.8 ct.=ct'_K', 1.8 ct,=ct'K', ct.+ct,=ct'_K'_+ct',K',
X, =ct, x,=—Ct,

We observe that for the rays of light with the same direction the Tables A and B are inverse from each other.

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

{D':ct'c+ct'u=cthc +ct K, A
9.19

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'=3t 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:>tczt'u:>Vc=v'u:>Kc=K'u A 021
ct,=ct.=>t,=t'.=>v,=v_=>K, =K', B

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

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

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

Hypothesis C:

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

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

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

d.=d,=v't'=v_t_=v,t, 9.26

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

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

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

Applying the hypothesis C in 9.11 and 9.15 we have:

’
t =t'_K' =t =t'(]+%j 9.28

t,=t' K',=t, :t’(l—%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:

’ ’ r+—r ]
At=t_—t, =t'(1+%j—t'(1—%j=2vct _ 4Ry 9.30
C
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2v't! _ 2Vctc _ Zvutu
c  c

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

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

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

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

At=t_—t = 9.31
o c c? c? —CVv, c:2+cvu
The classic formula of the Sagnac effect is given as:
At=t_—t,=27RV 9.32
c’-v
From the propagation geometry we have:
Ar=2VE 9.33
c
The classic times would be given by:
£ 27R 9.34
c
g =2TR 9.35
c—-v
g, =R 9.36
c+v
Applying 9.34, 9.35 and 9.36 in 9.33 we have:
c cC c
Atc=2v 27R _ 427er 9.38
c (c—v) ?—cv
At _2v 27R _ 47Rv 9.39

e letv) Sluev

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:
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L, L_2L
Zt’X, :t'c+t'u:E+E:? 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:

Zt'y, :t'++t'_:g+—:— 18.03

2L
o r <« . . . oo .
As we have X t', =>t T o 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.

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:

D'=2L=ct | I-% |+ct,| I+ | D=2L=ct,_—v_t_+ct, +v t 18.05
= =Ct, —? +cC u +? —> D= =Cct.—Vv, C+C' u+vu u .
Where applying 9.26 we have:

T _ _ 2L

D—2L—ctc+ctu:>ZtX—tc+tu—? 18.06

In 18.04 B we have:

v’ v’
D:ctc+ctu:L[(]+ cj+(]— “H 18.07
(e} c

Where applying 9.25 B we have:

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

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

St =Yt =3t, =2—cL 18.09

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

St ESE, 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:

_ 11 30 23)
GMm, . —(667.10° X198 10")3,28.10 )r——ff 00
r l" r

The sub index "o" indicating mass in relative rest to the observer.

To describe the movement we will use the known formulas:

r=rr 19.02
= d(rr)=ﬂf+rd—¢g$ 19.03
¢t dt dt dt
2 2
uzzﬁ.ﬁziﬂJ +[r@) 19.04
dt dt
2= 2(..A 2 2 2
o017 ) [ (aV, [irds 0
dt dt dt dt dt dt dt dt

The formula of the relativity force is given by:

2 2
c c

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

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

With this and the previous formulas we obtain:

ey ey

F=———ru- 19.07
L Jdr|d d’r [d¢j d¢ ,drdg d ¢ 1[
alaar) |7 ar Tardr ¢’
P s (d¢j L d_zr_r(@jz LAY jdrdg | d)| 1dr|.
A ) a? e dt| d \dt al“dardr a2 di

F=r— 19.08

(z—u%z)j/2 1_ ,drdg d¢+gd_2r_r(@j [ ,drdg d¢]
dz a " ar | Vad e ar) [ dt dt J

+
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In this we have the transverse and radial component given by:
2N 2 > 2
R N e N E= Ty P e F R 1909
(I_uz /CZ)W A a dr| ar’ "\ dt di\“dr dr " dr |[e dt
m, u’ drdg, d d’p) |dr|d’r  (d¢ dy| ,drdg d d’g)| r dg
=0 N i-—|2 +{= —Z—r(—) Y 19.10
(I_uz /62f 2N aa Nl a ) [ al Cara T al dt

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

ﬁqEZL/z 1- 2drd¢ d- ¢ + dridr d’r ( ¢j rd¢ drd¢+rd 4 7 9 é:zero 19.11
(1—142 /Cz)i didi | ai | i a? e de\“dedr dr’ dt

From where we have:

<

24\ —ldr|d’r (d
drdd &9 ~rdrdg o drdt a9 I T (ﬂ
dt dt dt o dtdt dtde  dr) cdi|dr \dt 1012
ﬁ_r @ 1— dr 7’2@ ]_1(‘1”) |
dr’ \ dt dr dt ’\dt
From the radial component ﬁr we have:
2
dr (d N ar CZ(ZCZCZH%) 1d
F= m—/z - ( ¢j 1—”—2 <5 : > v 19.13
(1=’ /)7 a8’ \at <) lde Tarr [d¢j ¢’ dt
dar\dt
That applying 19.12 we have:
d¢(rdrd¢j
2 2 2 9 1,
B M _;» (d¢j ]_u_2+g de\c’dtdr )| 1dr|. 1914
(]_uz/cz)i dt dt C

dt { a1 [ di
=]
c\dt

That simplifying results in:

dzr_r[dﬂz
. oom |df \dt) |,

;= = r 19.15

r 2 2
\/l—uz {z_lz(drj :l
c c\dt
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This equaled to Newton's gravitational force results in the relativistic gravitational force:

m, |de \dt . —GM,m, . -k
' u’ 1(dr : r r
- | 1-| <
c c\ dt

As the gravitational force is central it should assist the theory of conservation of the energy (E) that is written
as:

r 19.16

E=E,+E = constant. 19.17

Where the kinetic energy (Ey) is given by:

-1 19.18

And the potential energy (E;) gravitational by:

£, =—Mom & 19.19
r r
Resulting in:
E=mc’ L _1|-£—constant. 19.20
u’ r
==
c

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

iE_dE, dE,

= =zero . 19.21
dt dt dt

Then we have:

dE, mu du

= — 19.22

dt 2\, dt
I

dE

Pzﬁzﬂ 19.23
dt  rodt
Resulting in:
dE _dE, dE, mu du kdr muy du —kdr
— =t —"=zero— Tt =zero= T 19.24
dt dt dt N, dt e dt N, dt v odt

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

oM - Ikdraz—_kA

a u r 19.25
\/ woocrdt

-
CZ

In this substituting the previous variables we get:
2 2
oM, d_:_ (d¢j oy 2drd¢+rdgﬁ¢ I kdr(dr _¢j _ﬁc 1026
W’ || di? \ dr dtdt  dt Pal\dl  dt’) 7
e
From this we obtain the radial component Ij“r equals to:
2 f—
Fi= m, d_j_ (d¢j 1 k(drj __ic 19.07
u’| dt dt dt) r

That easily becomes the relativistic gravitational force 19.16.

N>

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

2
Fo=—"0 {Zdrd¢+rd;¢ ]kdrd¢ zero 19.28
’ \/] W\ dede dt’ ) rdeadt
el
C

2
2r@d¢+r2d ¢ 2
rz@ m c’rdt\ '
dt

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

—

L=rx p=constant. 19.30
L=Fxp=Fx Pl o (ﬂﬂr@éjz 7, r2—¢(f><¢§): 7, ,,2%]2 19.31
uw’ W\dt dt W’ dt W’ dt
]—? ]—? ]—? ]—?
L= - 2d¢k =Lk = constant. 19.32
]_I’L dt
CZ
d—Lz d(Lk)z d(L)k + Ld(k)z d(L)k zzeroj—d(L):zero 19.33
dt dt dt dt dt dt

Resulting in L that is constant.
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A

dk
In 19.33 we had jzzero because the movement is in the plane (x,y).
t

Deriving L we find:

dL_d| _m, .d¢| 1 mu_ du.dp _m, ( drdg, d¢)__ 10.34
dt dt u2 dr | & 5 Zdt dt u2\ dt dt d12 '
1- u 11—
SN .
C
From that we have:
2
(Z/ZCZ#%J du 1
U du 19.35

rz@ :(l_uzj dt ¢’
dt e

Equaling 19.12 originating from the theory of the central force with 19.29 originating from the theory of
conservation of the energy and 19.35 originating from the theory of conservation of the angular moment we
have:

5 drdg ,d’¢\ —ldr d’r (d¢j
A
didi | dr) ¢ di|df \di k dr [, v -u du 1
_ == &L 19.36
7,2@ ; ](drj mcr” dt c (
dt A\ 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.

1
Let us assume w=— 19.37
r
. . . ow -1
The differential total of this is dwz—dr:>dw=—2dr 19.38

or r

— dw —1dr
From where we have d_w —] dr —_— = 19.39

dg r’ d¢ dt v dt

d¢ L :
From the module of the angular moment we have —¢: 3 ]—u—2 19.40
myr c
2
From where we have @: L er] u_ 19.41
dt my’de
- u’
Where applying 19.39 we have ﬂz_d_w 11— 19.42
dt m,d¢
dgdi d~Ldw
That derived supplies —2: 1 19.43
e dt dgdi m, dg

80/212



Where applying 19.40 and deriving we have:

d’r L u’ d(-Ldw u’ | =L’ u _dzw u’ dw d(
2 2 1 2 1. 1 2722 1 2 2
dt© myr cdg\ m,d¢o ¢ ) mr

[

| dg =2 d¢d¢\

In this with 19.36 the radical derived is obtained this way

d ]u2_ -1 udu k dr(] u2 kdw( u’
al\" 2 27 dt o’

JI=2 /3G di mc?r di mc dtk c’

i(/z uZJZ -1 _udu__k_drf, Lﬁj kdw( j
d¢ ¢’ c

VI=2 /32 Edg me*r dgl mc d¢k

That applied in 19.44 supplies:

d’r -I uz_dzw w ok (dw ’ u’
= 3 S eval K
e mr c|do ¢ mgc kd;/ﬁ
Simplified results:

3
dr_ Lk (| p(dw) L () )
dr’ mjczrz ¢’ d¢ mjr2 k ¢’ }a’¢2

Let us find the second derived of the angle deriving 19.40

d’¢ d| L u2 -2Ldr u
2 . R\ g +
dt dt\myr ) mydt my dtk

In this applying 19.42 and 19.45 and simplifying we have

N w

d’¢ 20 dw(l u'\ Lk _dw(, u
a’ mrdg ) m“"d¢k

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

o)

The equation of the relativistic gravitational force 19.16 remodeled is
d’r (d¢j s (dr) —k
dr  \dt ¢’ dt r

In this applying the formulas above we have:

, ¢\ m, dg

i 2 B 2
L'k u’ 2 dw ’ I ( u2\d2w L u’ u’ 1(—de u’
ol Ll A 53] 1= o 1= | =1 I——

mcr c)\dg) mr k c }d¢ mr c c
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@) )
(dZWJZJ dw 1 k¥ c\d) Udi

d¢’ ) rd¢’ r mzrg(d(éj e d¢ ’
>\ dt >\ dt
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H)

2 2
2.\ 2 2 IL @
(d w] 2d w 1 k A\dt
ag) rag e mzrg(dgzsj mzrg(dgzsj“
dt >\ dt

{2
> \dt

k2

K (dr
, K far
(dsz 2d°w 1 K A\ dg
d 2 2 4
¢ rd¢ 7” mjrg(cwj mzrg(d¢j
dt dt

mzczrﬁ(cwjz
’ dt

K( dw
(dzwjz 2dw 1 K cz( ! d¢j K
d¢2 I”d¢ 7”2 mozrg(CZj4 m02r8(fifj2 mjczré(isz
i ((dw\
(dzwjz 2dw 1K cz(d¢j i
ag’) ragT e m[dﬂ m(wj mc(dqﬁ)
* \dt * \dt ’ dt

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

L=r2d—¢

dt

That it is really the known theoretical angular moment.

2

2. \? 2
Zj;; 221,7 +A[;{zj +(A4+1W —B=zero

Where we have:

kZ
=73 22
m,c"L

dw) 2dw 1 KK (dw) K
d¢’ r d¢’ e m’I’ mjchzkd(b m’c mer’
dw) d’w KooK (daw) K
—5 |2 22w+w2: 24 2 212 5o 22 2w2
dg dg m L mcL kd¢ mc L
dwY . dw awY

S| +2 WAW =B—A — | — AW’
d¢ dg’ d¢
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The equation 19.54 has as solution:
1 1
W—E[] —acos(¢«/ I+A+¢, )]Z>W—5[] —5c0S(¢Q)] 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:

o1 D o ED 19.59
w ]—8c0s(¢«/1+A) I-gcos(¢O) '
Where ¢ is the eccentricity and D the directory distance of the focus.
Deriving 19.57 we have d_Z:QS%("@ 19.60
2 2
That derived results in d v;/:Q COS(¢Q) 19.61
d¢ D
Applying in 19.54 the variables we have:
2 ? 2 :
d VZV +2d—V2VW+A dw +(A+])w2 —B=zero.
d¢ d¢ d¢
Q4COS2(¢Q)+2QZCOS(¢Q)’71—8COS(¢Q) +AQ2S€n2(¢Q)+(A+l{1_8cos(¢Q)T—Bzzero 19.62
D’ D &D D’ &D
Q4cos2(¢Q)+2chos(¢Q) 2Q2(:0s2(¢Q)+ 4Q AQZCOSZ(¢Q)+(A ]{]—ecos(@)}z_B:Zem
D’ &D D’ D’ D’ D
Q4cosz(¢Q)+2chos(¢Q)_2chos2(¢Q) . AQ_Z_AQZCOSZ(¢5Q)+ (A+I) 2(A+])cos(¢Q)+ (A+I)c0s2(¢Q) Besero
D’ D’ D’ D’ D’ &’D’ D’ D’
(Q4—2Q2—AQZ+A+1\COSZ(Z¢Q)= 20" 242 |eosdo) AQ” (A1) 5 or, 19.63
) D &£ D D) D DD

In this applying in the first parenthesis Q2=]+A we have:
(07 =207~ 40" + A+ 1)=|(1+ AY =201+ A)- A1+ A)+ A+ 1|1+ 24+ 4 = 2= 24— A— £+ A+ 1)=zero

In 19.63 applying in the second parenthesis Q2=I+A we have:
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20° 24 2 ) [2(+4) 24 2
= =ZzZero
eD &b &D eD eD &D

The rest of the equation 19.63 is therefore:

40° (4+1)

7 82D2 —B=zero 19.64

The data of the elliptic orbit of the planet Mercury is [1]:

Eccentricity of the orbit £=0,206 .

Larger semi-axis = a = 5,79.10"°m.

Smaller semi-axis b=a+ 1—-&° =5,79.10" | 1-0,206° =56.658.160.305,80m .

eD=a(1-£7 =5,79.10" (1-0,206° )=55.442.955.600,00m

ali-£?) 579.10"(1-0,206°)
P 0,206

D= =269.140.561.165,00m .

The orbital period of the Earth (PT) and Mercury (PM) around the Sun in seconds are:
PT=3,16.10 s.

PM=7,60.10°s.
The number of turns that Mercury (m,) makes around the Sun (M,) in one century is, therefore:

3,16.10

N =100 -
7,60. 10

=415,79 . 19.65

Theoretical angular moment of Mercury:

2
r :(rZ%] :GMOa(I—gZ):6,67.10’”1,98.10305,79.1010 (1—0,2062):7,32212937427.]030 19.66
_(GMym, Y _(GM,) (667107} (198.10" ] _ J—— 1067
m’l?C8 (30100f pa2000) |
2 2 -11 ¥ 30\
BZ(GM?ZZO) :(Gz\;o) :(6,67.1(0 )(z;j(;m ) 325007 19.68
m; 7,32.10
O=+1+A4=+1+2,63.10"° =1,000.000.013.23 19.69

Applying the numeric data with several decimal numbers to the rest of the equation 19.63 we have:

2 -8 2 -8
AQ +(Aﬂr) 526910 (1,000.000.013.23) L 26510741 325,10 =8.976.10°% 19.70

D’ &’D? (269.140.561.16500)"  (55.442.955.600,00)

Result that we can consider null.

We will obtain the relativistic angular moment of the rest of the equation 19.63 in this applying the variables
we have:

85/212



AQ° (4+1)
D’ 'gzDz _CZLZDZL

GM,) GM,) 1 GM,) | (GM,)
AR AR N T

2 2
£’ (GM, ) |:]+(GZLL02):|+L4CZ {]+(GZLL"2)}—C252D2 (GM, ) =zero
c c

2 2
&L’ (GM,) +&’L’(GM, ] %‘Fﬁcz +L'c? %—C%‘zDz (GM ) =zero
c c

(oM, )

2
C

&L’ (GM,) +&’ +L'¢+I7(GM ) —c’e’ D’ (GM )’ =zero

4
Lt Jr(1+€2 XGM() )2 I’ +52—(GMZO) —c’¢’D? (GMO )2 =zero 19.72
c

2

—(1+&” YoM, i\/[(1+52 YGm, )| -4c2| &2 (Gf() y ~c’e’D*(GM, Y

L=

2¢?

L (&) om, Y {1+ Y (GM, Y —45*(GM, )’ +4¢* &2 D (GM, )

B 2¢?

LZ_—(I+52XGM0 P ali+267 +&' \GM, ) 467 (GM, )’ +4¢£*D* (GM, )

2¢?

LZ_—(]+52XGMO)Zi\/(GM0)4+252(GM0)4+g4(GM0)4—452(GM0)4+4c452D2(GM0)2

- 2¢’
LZ_—(]+52XGM0)2 +(GM,)) +&*(GM, ) -26°(GM, )/ +4c*e*D* (GM, )’

- 2¢’

2 5 2 4 4 2.2 P
LZ:_(Hg Jor, - Z(ZGMO) e e DML 4512027528.10° 19.73
C

This last equation has the exclusive property of relating the speed c 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
:7,32212927328.]0 -7,32212937427.10 138107 = 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.

In reality, the equation 19.06 provides a secular retrocession perihelion of Mercury, which is given by in

A¢=27r415,79(é—1j:27z415,79(—0,000. 000.013.23)=—346. 107 rad. 19.75
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Converting for the second we have:

-5
Aj= 346.10 .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. "

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

If we write the equation for the gravitational relativity energy Egr covering the terms for the kinetic energy, the
potential energy E, and the resting energy:

_ 2 1 , IWncC
E.=mc|—-1|+E_+m c' =———=+E_. 19.77
R o u2 P o u2 P
1-— 1-—
c c

Being the conservative the gravitational force its energy is constant. Assuming then that in 19.77 when the
radius tends to infinite, the speed and potential energy tends to zero, resulting then:

m c’ 2
E, =—=——+E,=mc 19.78
u
1——
CZ

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

2

m_u k 2 5
E, = ——+m.c =m_C 19.79
2 r
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:

2
m u k

o

m u k 2k 2GM m
——+moc2:moc2:> ° :—:>u2: = o ©
2 r 2 r mr mr r

(e} (e}

19.80

Deriving 19.79 we have:

dE, d(mouz k 2j
=—| —————+m._ |=zero

dt  dtl 2 r

m 2udu k dr
—+——=zero
2 dt r°dt

pdu_ -k dr_=GMs dr
2

dt mor2 dt r° dt

ydu_ZCMo dr
dt r® dt
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du -GM,

Uu—=—— 19.81
dr r
Making the relativity energy 19.78 equal to the Newton’s energy 19.79 we have:
m c’ mu’ k 2
E, =E, > ———=+E_= ——+m._cC 19.82
2 F 2 r
u
1-—
C
2 2 2
(e +E_p _m,u® GMm, m.C 19.83
ol 1w omy, m.2 m.r m,
© 2
c
In that denominating the relativity potential (¢ ) as
E
p=—2 19.84
InO
We have:
2 2 GM
C 1= _T0,?
1 _ﬁ 2 r
o2
2 GM 2
=4 _Zo, - € 19.85
2 r 1— u2
o2
In this one replacing the approximation
l 2
A1+ 19.86
2 2c
u
1-—
c
We have:
2 GM 2
p=2 -T2 4c? —02(1 +u—2]
2 r 2c
That simplified results in the Newton’s potential:
2 2
GM —-GM
p=" e qr o2 Yo 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 | —— ° 4o’ ————— 19.88
u2 2 T u2
1-— 1-—
c C
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We have the Newton’s energy 19.79:

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

—-d
a= 4
dr

= ———+cCc -
dr dr| 2 r u?
o
_zdfu’ oM, o) _d) <
dr\ 2 r dr u’?
1-=3
c

Where we have:

[}

—d{u® &M, ,) -d(E, . , -
—_— — = +C° | = d_ — |=zero. Because the term to be derived is the Newton’s energy divided
r

dr\ 2 r m,
E  GM
by m, that is —*- = °< —° 4+ ¢? thatis constant, resulting then in:
m, 2 r
d c’
TTar 2
r u
1-=3
c
u du
a=—— _

3
u2 3 dr
1-—>
i c 1
In this one applying 19.81 we have:

-1 GM

[}

3 2
u’ \2 r
1-—=%
C

The vector acceleration is given by 19.05:

2
2 20
5=|4dL r—r(—d¢j f+{2—dr—d¢+r—d ¢}¢
dt’ dt dt dt  dt?

a= 19.89
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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 GM,
a=|—-1—| |= - 19.90

dt’ dt N
-ty

Being null the transversal acceleration we have:

drd d’¢ |-
2—r—¢+r—f ¢ =zero 19.91
dt dt dt
d 2
2—rd—¢+rd ¢25 =zero
dt dt dt
. _— 2 d¢
That is equal to the derivative of the constant angular momentum L=r at 19.92
d. 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
r r
dw -—-1dr dr , dw dw -—1dr
—=—F—0o —=-r"—and —=——
d¢ r’d¢ dg d¢ dt r?dt
dr d¢dtdr L dr_—erdwjdr__ dw
dt dtdgdt r°d¢ r° d¢ dt d¢
d’r d(dr) d¢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:
|3t dx (d¢jz —GM,
p— —r — =
2c” ) dt® dt r’
In this one we 19.94 the speed of 19.80 and the angular momentum we have:
[ 3 (2aM | -1 d*w (LY | oM
1- 2 2 2 Y2 =TT
| 2c r r* d¢ r r

3GMolj(d2w 1} GM,
1- +=|=

& rlag r) U
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(1 3GM, 1jdw (1 3Gm, 1)1 GM,
c? d¢’ ¢’ r)r I/

d’w 3GM d’w1l 1 3GM, 1 GM
—+—— — =zero

d¢2 ¢ d¢r r 1

dw _dwl 1 1
2—A 5 +——A—2—B=zero
dg d¢°r r r

d’w d’w 5
2—A 2w+w—Aw —B=zero
d¢ d¢
d’w d’w 3
—A w—Aw +w—B=zero

d¢>  d¢°
Where we have:

_36M, __GM

The solution to the differential equation 19.95 is:

=L[l—gcos(¢Q+¢o)]:> 4 =L[1—5COS(¢Q)]-

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

1 D &D
r=—=—————=—Sr=

w  1-gcos(dQ) 1—¢gcos(#0)

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

dw _ 0sen(gQ) and d’w _ Q”cos(#)
D dg® D

Deriving 19.97 we have

Applying the derivatives in 19.95 we have:

d?w d’w 2
— —A—w-Aw +w-B=zero
dg¢°  d¢
5 2
Q’cos(gQ) AQ Cos(m)i[l—gcoS(@)]—
D D gD

0° cos(¢Q) AQ° cos(¢0)
oo90) 20" ol ol
0’ cos(dQ) B AQ° cos(dQ) N AQ’° cos(¢0)
D eD? &b’
A

gcos(gQ)—

gD
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1
———¢&Cos

(o)+27 cosz(m)]{

—+ 2gcos(¢Q) ——¢€ cosz(¢Q)+———D€COS(¢Q)
&l

19.95

19.96

19.97

19.98

19.99

[l ecos(g)f +—D[1 gcos(@Q)]-B=zero

(¢Q)}—B=zero



cos(¢)( .
D

(G
wme
6

1J+AQ cos’(¢Q) Acos2(¢Q)_ A

D? e’D*  &D

Q2

- - + ——=zero

AD? Ae’D* AeD A

_1 +AQ cos’(dQ) Acos’(4Q) A 1
AD

Q2 1
8D 8D A

cos(do
D

0’ Q cosz(¢Q) cos (¢Q)_ 1 1
A

B
> —+ ——=zero
D eD” AeD A

M(Qz_l)JrM Q_2_Q_2 i_i —L+L—E—Zero 19.100
D’ D A & & A) &D° neD A '

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

2
&2(@)(@2 ~1)=zero 19.101

D

Resulting from the equation 19.100:

2 2
2 1) 1 1 B
cos(go)(@” ", 2 1 P sero 19.102
D |A & & &) &D° AsD A

Due to the unicity of the equation 19.102 we must have the only solution that makes it null simultaneously
the parenthesis and the rest of the equation, that is, we must have a unique solution for both the following
equations:

o o 2 1 1 1 B
z X 4% _“—zero and -——+————=zero 19.103

A & & A gD RheD A

These equations can be written as:

1 1 1(1 2

[a= b]j___:_(___j 19.104
A &D Q A &D
1 1 éDB

[a=C]:>———=— 19.105
A & A

1 1
In these ones the common term a = X——D must have a single solution then we have:
g

[b=c]= 1(3—3}@ 19.106
Q A &D A

With 19.96 and the theoretical momentum we have:

3GM GM £DGM
=—2° B=—2 L'=¢DGM, EDB=——2=1 19.107

It is applied in 19.105 and 19.106 resulting in:

[a=c]m -t -

1
— 19.108
A & A
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—-——= =-1,80.10" =zero
&b 55.442.955.600,00

From 19.109 we have Q:

1(1 2) 1 , oA 2 3GM,
P ==l =1- o=l

A &b A gD eD ¢

It is applied in 19.104 resulting in 19.110:

A & 0o*\a & A &) A & A

111(12)11 1(12)111
—_——— —_——— :>—————j —_— | >———=—=-——~"rzero

A ED_(1_2A
&D

From 19.112 we have:

-11 30
o /1_6GM; _ | ele67.107 Ju,08.10%) 0,999.999.920.599
£Dc (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.OOO,OO.415,79=42,79"
0

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
o

$0=1.296.000,00= ¢ =

If 0>1,00 we have a regression. ¢ <1.296.000,00.

If 0<1,00 we have an advance. ¢ >1.296.000,00.

The angular variation in seconds in one turn is given by:

_1.296.000,00
0

Ag —1.296.OOO,OO=(L—1J1.296.OOO,OO.

Q
If Ap <zero we have a regression.

If Ap>zero we have an advance.
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In one century we have 415,79 turns that supply a total angular variation of:

ZA¢:A¢.415,79:[L—1}1.296.000,00.415,79:42,79"
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

(2.3) U'x'= u>2<—v = VZ_V =>u'x'=zero
1+L_2VUX 1+L_2VV
2 2 2 2
c c c c
Ux=v ux'=zero

(1.17) dt'=dt, |1+ - 20Ux —dt1/1+ _vv :>dt'—dt1/1——

2
(1.22) dt = dt'\/1+v WU _ gp 1+ +m:dt de' 1+

C2 C C

2
dt'=dt,[1-% dt=dt' [1+%
c

c c
V‘
V=
e
1+7 ,/1——
c?
dt>dt' v<v' vdt=v'dt'
(1.33) ¥ —V' —V' —y=—V
33) v= = V=
2 2 ]
\/1+V'2+2VL§X' \/1+V'2+MZQ) 1+Y
c c c c c
(1.34) ¥'= — = — ==
2vux v 2vv v
1+5— \/1+ — \/1—
\/ o c? c?
g=— =V
v v?
1+7 1-7
c c
Forfo—p Pe—rf=—F | =[F1=r
dr=drr+rdr=—dr dr'=—drr—rdr=-dr
rdr=drrr+rrdr=dr rdf'=—drrr—rrdr=—dr
- N - 2 2
dt dt dt dt dt dt

o dE =M={£f+rd—¢g$j 2= ﬁ'ﬁ':(ﬂjz +(r d_¢)2

at'
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= _dv _d°F dz(rr) d’r (d¢ drd¢ d’¢
Tar ag ad Litz r(dt”( (dtdt Fae j¢

a= 2= 2 2 -2 2 ¢
dt' dt’ dt' dt’ dt' dt'dt' dt’

o ¥
2
v
2
-, d=v) d( i dtd( V| jpyvid|_ @
dt'  dt V2 | dede 2 c’ dt 2
2 e 1z
— '2 2
o__dv'_ V2 1 g /l__zﬂ_ﬁ_ 1_v-
at' c (1 v) c” dt dt c
C2
dv’ 21 av 1, Y7 2(-2vd
_po_dv'_ [ v” |_vodv_s1 1_v_j ( _V)
at' ¢’ (l_v2) ¢’ dt 2 ¢’ ¢’ dt
CZ L
av’ v* 1 v dv 1 dv v
a= T AW 2
dt' c (1 vj c” dt _v* dtc
C’2 c2
= dv' _ vl / / dv v
—a‘——E— l+—2 > l—— l—— 2V 5
c (1_v)\/ \/ v dtc
C'2
= 2
g _adv'_ 1+V'2 % (1__jdv+vdv v
at' c 2\, dt dt ¢’
v
-2
—m 3= -ma' __—m  dv m, 3{(1 )dv dv V:|
2 2 dt' > dt dtc
% v 2
\/14‘2 \/l+2 (l_x/;jz
c c c
Fro_pmo_—md _ —m dv
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= ma= _moa'2 _ —mOZ dx_/:'=£‘_»’= 1, 3|:(1_ jdV dv V2j|
1] =2
\/1+V'2 \/1+V'2 dt (1_‘/72 dt dt c
c c e

B = [F'(-dr)=[F.ar=[=£rar
r

Ek:jf' .(—df'):j?.dfzj o d—‘?(—df')zj o z{(l Z2Jdv+vdvv}dr=.[%f.dr

dt dt ¢

f 2 dt!
v
1+
(e}

Ek:J. T gipdf = i 3( 1- V—2 dv£+vdv£1 I—rdr
2 dt AU &2 ae dt ¢
c 2
i P | 2 —
Ek:J'modvv = L 1-2 dov+vdvYY —I—kfdr
?L c ¢ r

Ek:I%V'dZ':I T l_(l——zjvdvﬂ—vdv—} j—dr
\/ v' 2 2'_ c
2 (1 02)
B, J-mvdv J'mon 3(1__2+ j .[ kdr
\/1+ Sy e
= (2
E :Jmov'dv'zj myvdv

2 3
1+75 v )2
CZ 1_7
c
/ ———+constant

r

2 ER
\/1+V ( VZJZ
CZ 1—7
C

12 m C2
E,=mc? /1+V—2—£=constant ER:O——ﬁzconstant
c® r Vv T
2
2 2 2
mc 4 mc
E=—= —k:moc2+ bV _k E,=—— —£=moc2
2 O
C‘2 c2
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1 _ B k1 i B A
\/1_ Lj mc® mc’r mc? mc’
c
1 1 °
=H+AL 1 3:(H+Al)
c 2
f:fxﬁ:rrx(drr+rd—¢¢3j—r2d—¢(Axé):rzd_%g
dt dt dt
L=FxT=Fx—Lo=rfx—=L |:—(drf+rd—¢¢;):l 1,298
1+Y 1+vol \dt o dt 14v° dt
2 2 2
c c c
Ji:rzd—¢]§ = Lk = constant L:r2d_¢
dt dt
dE, = myv'dv' _ Inovdv3 =_—]2<dr:%f.df
v* 2\, T r
7 [V ]
c 2
By o AV _—Kpdr_—Kpg
dt N, dt P dt
c
= ma -k
F= 2 T=—7L
v
e
2 2 2\
F= m, 3 d‘g_r(d_¢j P+ 2£d_¢+r_d¢; ¢ =__]2<f
2 Lt \at dtdt dt r
[-2)
2 ~
7 =T 3(2drd¢+rd¢;¢=zero
b pldtdt at
[-2)
2
Fo M d_zr_r(d_¢j ks
= 3 2 2
)2 dt dt r
e
d_L dr__pdw d’r _~I dw d% _
dt r? dt d¢ dt?  r? d¢? dt?
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2
1 (—L2d2w_i _ —GM,
(_szgkrz d¢* r? r?
CZ
1 (dzw ;J(—LZJ —GM,
3 2 2
(1_‘/2)2 d¢# r\r r
C2
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( 2)2 d¢ r) L
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2
c
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2
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34 &D 1\3A ¢&D gD 34 &D 3A &D

lp=cl=>L{ -2 )20
Q°\34 &D 3A

&DGM_ &DGM
— o _— o _—

2

= =1
L' &DGM,

eDB

100/212

21.40

21.41

2142

21.43

21.44

21.45

21.46



b-c]>t{L+2)-L o+ 62
0°\34 ¢D) 3A D

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

E
H=_tr _TC _q Q2:1+6—A Regression
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p=plm s Lo ;(uﬂ:;_zero
3A &D (+6A) 34 ep) &b
&D
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mc’ c? r
—Q’HeD+HeD—Q?3A+6A=zero HeD+3A-¢eD(eDB)=zero
—~QX~3A+&D)-3A+£D—0*3A+6A=zer0 HeD=—3A+&D
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This regression is not governed by the positive energy
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HM+H€LD[1+SCO sgo)|+ 3A_Qzﬂg¢—ngLD[l+gco slgo)]+ 3A{€%[l+gco s(¢Q)]}2 +B=zero

D

D ED

21.72

21.73

21.38

21.74

—Q2HM+H L Decos(¢Q) 30 Aw[lhecos( )]+ +26cos(¢Q)+6 cos( ¢Q)]+B zero
&

2 2
_QZHcos(¢Q)+HL+Hcos(¢Q)_3Q Acos(@0) 30°a COS(¢Q)gCOS(¢Q)+
D &D D eD D eD D

+3— 3A 2gcos(¢Q)
&D

“(p0)+B=zero
D’

o) 1, ycoddd) 30°acodpO) yp,coshO),
D D

D &D D &D
L34 ACOS(¢Q)+3ACOS’2(¢Q)+B:zero
e e D D’

21coSg0) , ; coslg0) _307acoslpo) , 6a coslg)

D D &D D &D D
2
-30 ACOS (¢Q)+3ACOS (¢Q)+H +32 +B=zero
D? gD &
5 2
(_Q2H+H_3Q A+6_A\\COS(¢Q)+(_3Q2A+3A)m82¢_Qz+HL+%+B:ZerO
&D ED) D D eED &D

2
(—3Q2A+3AM—M;S ‘I;Q (QH+H 30°A, 6acoslgo), , 1, 3a +B —zero
AD

eD 8D &D) 3AD 3AgD 34£°D° 34

=zZero

(1_Q2\COSZ(¢Q) ( QH H Q \cos(¢Q H , 1 ., B
/o p? 3A 3 &b eD &) D "3asp D7 3a

2
0'~1 (l—Qz)msf—szzero

D

=Zero

(—Q2H+£_Q2 2\coslgo) B, 1 B
34 3A eD eD) D 3AgD £D° 3A
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coslfQ) _,orom H 1 B _ .o

D 34eD &D° 3A
2 2
cos\g0 sreromdHH O | 2 _,0opg
D 34 3A &D &D
2 2
“OH\H 0,2 cero H +%+£:zero
34 3A ¢&D ¢&D 3A¢D ¢&°D° 3A
la=b]=s LZL(£+L) la=c]m H 4 L __sDB
34 &D (O gD 34 &D 3A
2
0?=1 He ERZZ moc2 -1 gDB:gDGMO:gDGMO:1
mc®  mge ¥  &DGM,
[a:b]:£+L:l(i+Lj:Lzzero S I R RN A
34 ¢D 1\3A ¢&D gD 324 ¢D 32 ¢&D
[b:c]:%(i+ij: £DB
Q"\3A &D 3A
eDB = eDGM_,  &DGM,
L?  &DGM,
[bzc]ji(i+gj:_i o= _g_5A
O*\3A &D 34 gD

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

E _ 2
H=—r TMC _ 4 Q2={—1)—6—A =0°=1- eA Advance
mc®  mc? eD eD
[a b] 1+L_—1 (_—1+£)3L22ero
34 D (1_@4) 3a ¢D) €D
&D
e B A_5M, 5. CM,
mc’ c? I*?
2 2
QH H Q —=Zero H +L+£=zero
3A 3A gD &D 3AeD  &°D* 3A
2 2
3A8D( OH, H O , j—zero 3A82D2(L+L+£j:zero
3A 3A 8D &D 3A¢D &°D° 3A
—Q’HeD+HeD—Q?3A+6A=zero HeD+3A+¢D(eDB)=zero

¥  &DGM,

—~QX~3A-¢£D)-3A—eD—0?3A+6A=zero
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0%3A+Q%D—&D—Q?3A+3A=zero

Q’°¢D—¢eD+3A=zero Q2=l—§é
gD
This advance is not governed by negative energy
—Q’HeD+HeD—Q?3A+6A=zero
~QX~3A—¢£D)+HeD—0*3A+6A=zero
Q?3A+0%D+HeD—Q’3A+6A=zero
Q%¢D+HeD+6A=zero o ;Y
gD
2 2
( PR 2NCOS(¢Q) H_, L +B =zero
34 3A &b ep) D 3aeD D% 3a

2 2
3AgzDzK—Q_H+i_Q_+L\cos(¢Q)+ H o, 1 +£}:Zero
34 3A ¢&D &D D 346D &°D* 3A

gD(—Q2H3A£D L H3AeD 0%3AeD 2. 3aeD \cos(#0) | H3AD? | 3A¢°D? | B3A™D?

3A 3A &D &0 ) D 346D &2

eD(-0HeD+HeD—0%3A+ 6A)M +HeD+3A+¢D(sDB)=zero
D

DGM DGM E -
gpp=2DCM, _ eDGM, _y H=—r =TT
¥  &DGM, mc®  mc

eD(- QZHE,‘D+H8D—Q23A+6A)M@—8D+3A+8Dzzero
D

(~0?HeD+HeD-0%3A+6A Cos’f¢Q)+3—A:zero

&D
Q2:1_3_A
&D
[ 1—— £D+HeD— (1 3Aj3A+6A}COS¢Q 34 _ero
eD D eD
( HeD+ HeD32 + HeD— 3A+3A3A+6AJCOS¢Q 3A_ L ero
&D &D D &D
2
( HeD+H3A+HeD—3A+2 +6A\COS(¢Q) A _cero
eD ) D &D
(H3A+ +3A\COS(¢Q) 3A_ero
) D D
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H: > = 02 =—l
mc mcC
2

(—3A+9A +3A\cos(¢Q)+3—A:zero

&ED ) D &ED
94% cos ¢Q) —zero 4)COS(¢Q —=zero
&D D &D D 3A
(—Q2H8D+H8D—Q23A+6A)ﬁ¢—Q) 34 zero

D &D

Q2 :1_6_A

gD

(1—— eD+HeD— (1 6AJ3A+6A}COS¢Q +32_zero
&D D &D

H8D+H£D—+H£D 3A+3A6A+6A)COS¢Q +32_ero
&D D gD

2
( HeD+ H6A+ HeD—3A+ 154 +6Ajcos(¢Q)+3—A=zero

&D D &D
2
H6A+18A +3A\COS(¢Q) ——zero
) D eD
2
H: ER z_moc =—l
moc2 moc2
2
(—6A+18A +3AJCOS(¢Q)+3—A:zero
eD D eD
2
- K 3A+18A jCOS¢Q }-zero
3A &D D &D
( 1+ 6AJCOS¢Q —=zero
eD D eD
(l 6AJCOS¢Q —=zero Q24—2C03¢Q
ED D eD D
(—Q2H8D+H8D—Q23A+6A)ﬁ¢—Q) 34 zero
D &D
2
0?’=1 H= Eg e =-1
mc*  mc?
(eD—sD-32462)S0W0)  3A_
D &D
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(3A)cos [10) JC; cos(¢o o ero
D &D D &D
Q2:1_6_A 0?=1 Q2:1_3_A
&D &D

‘—QZ cosf¢Q!+L|<<
D D

M@ + Li <<LLLLL
D gD

cos!¢Q[+L|
D 3A

Energy Newtonian (Ey)

dt r° m,r m,
d¢_ L dr__;dw dr_-L dw a9 _ 20 dw
dt r? dt d¢ dt?  r? d¢? dt? r*d¢

== PR =zero
d¢) r° myr m,
’ 2F
d¢) r° mIL'r mL

dw| 1 _ 2k 1_2By _
d¢ r’ mI’r mL

2F
dw 2_ 2k i |

tw’ ——= S=zero
d¢ mIL° mL
__2k 2E
X=""3 y=—73
m,L m L

2
aw | 42 —XW—y=zero
d¢
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_—:L COS
w=o=—s [1+&cos(go)]

[-Qsen{gﬁQ}J

D

[1 cosi(¢0) ]

@z—QsenWQ[

dé D

{1 [1+ecos(¢Q)]} ~xL[+scoslgol}-y=zero

d2w _—0*cos(¢0)
d¢? D

(¢0) ]_X——Xié‘cOS@Q) y=zero
gD &D

2
Q———cosz(¢Q)+ 2(¢Q)—A—X%(¢@z—y=zero
D? &D D
G yeoslh), 1,2 coddd) cosled) x cold) , ...,
D? D? 2D2 &D D? &D
2 2 2
cos(0) ool 2 codldd) codb) G 1k or
D? &D D D* &D% &D
2 2
(1_Q2)M@+(L_XJM+Q_+L_A_YZZero
D? &D D D*> &°D* &D
~ ’7D2 =Zero
(A_XJCOS@QL Lyl X sero
&D D D? &D?
(L_ j:zero L+L—£—yzzero
&D D*> &D* €D
2E
x=-2K =2
m,I7 m,L
2 y-zeromx=2=-2k 1 _GMMh_ EDGM,,
&D &D mI’ & mI
212 212 212
&D +€D —EDX—gZDzy:zero
D>  &D?> &b
&’+1-eDx—&’D’y=zero
£Dx=gD-2-=> £Dx =2 &P’y =&?D? 2By _gope 2By _2¢DEy
eD mI? meDGM,  k
e241-2-2PBu _ sero EN:L(gz—l)
2&D
1_1 2 -k
==—(1-¢ E,=—=
a ED( ) N 2a
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§22 Spatial deformation

t=—Lt— t>t
1-V_
C2
t=ti+t,=—L—+-L =20 1 p=2L
c—-v cH+v C(l—Vz) c
2
C
2L'
2
t=2L_ 1 ¢ —r-ph-¥ > L
C

c v 2
1_v _v
( Czj \/l 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':
2L|

'=vt'=vet
c

Thus we obtain the velocity v: d'=v o

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

d=vt :V(tl-i-tz)zv%(#

2
1- )
o2

2
Thus we obtain the velocity v: d = Vi% —>v= ﬂ(l—%j .
2

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

s=cd :&(1_12)

2

21" 2L o}
Where applying the relation L:L'1/1—§ we obtain:
od' - _cd 2(1—V—2J:>d'=d 1- d>d'
2L'\/1—V2 < <
c

Where the distance d and d’ varies inversely with the distances L and L’

In general, we obtain (14.2, 14.4):

d(l _ VUZXJ d' (l + vu'zx'j
d=— € 2/ or d= <
2 2
1-Y 1=V

c’ c
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ux'=zero d= 02 d= d >
1-% 1-
c2 C2
d'(l+vgj
ux'=c d= >
l-z
d'[1+v_2v}
ux'=—-v d= c2
1=z
4:-¥]
2
UxX=v d'= <
v
c
d(l—vgj
ux=c d'=
s
c
-]
ux =zero d'= C2 d=—d >
1—-% 1-
c? c?

§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 — v 1 x.

y=£(x)

x=ct' y:IdS’:Iw
jds’zf(ct’)

dx=cdt' dy=ds':m
f=x2+y§:ct'i+jds'§ F=x'I+y"]
dr=dxi+dyj=cdt'i+ds"] dr'=dx'i+dy'j

drzﬂzédéﬁzdy
r r r
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df _dx:. dy

s_cdt'z . ds's dr' _dx'z dyv'sz

v= citv’ v'=
at ar Tar’ ar Tae ] ar _act T qe’
d ]
dy d¢ .
rgp=2Y_dt' _dt'_1ds' dy:g(dy _1 d(lds) 1 ds'
dx dx ¢ cdt dx’ dx\dx) cdt'\cdt') c?dqt?
dt'
GG+ G=ci F=v'J
5_dv _dc  dv' dC _ero av_dv' s =
dr' dt' dt' dt’ dr' dt'

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

ds=/ cidt"”? +ds'?

ds'=4+/ ds?—c*dt'"?

=£= ( ) =Jc’+v'? >c r=ds’_ ( ) =v’-c’
dt’ dt’ dt' dt'
K=/ —>op=Z theoretical curve
s
d’y 14’
ad 2 2 12
tg(pzd—y (pzarctgd—y —(P: dx o= c dt 3
ax ax dx dy L ds'
1+ —= 1+—= p
dx c\dt
+1(ds
c
1 d’s’
do L(ds 1d’s
+= 2 2
d(P dx _ cA\dt’ _ c” dt'
“ds ds 2 )
dx \/1+12(ds:) 1+1(ds') 2
C dt CZ dt’
1ds'd’s' 1 dv
ds'y _ds'd® _ 9P cfdt'dtr ¢’ dt'
dat’ dt'ds

3= 3

° [1+1 ds’)z}z (1+V'2j2
2 ’ 2
c \dt cC
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k 4 _ k o ;=
dE, = == T =——,dr=—rrdr'
_v_ 12 \2 r r
o (1)
c
2 —
c” o dv!
m =5V
dEk_Fvl sl S OCZ dt’_i’\df'_kf‘—}y
T 372 12
dt 2\2 r dt r
v
(l+ )
c
ak, =F' . %#'=m c2x7*'d—q)— K pgr
at’ ds r
F'=mc’ P k2 s K:dq): K 2%2
s r ds mc'r
§24 Variational Principle
m,c?
E,= ==+constant
-yt
s
m0V2 2 V2 l’l’lOCZ k
E,= +m,c”, [1-—— ==+constant
v vt
c? c?
2
m_v 2 m,v
& —m,c?, [1-5 +K |=m, ¢ p=4 —m,c?, [1-Y5 d
1_V2 ¢ r dv c I—V—z
c? c?
2
L=-m,_c? ,fl—V—2+k Lagrangeana.
cs r
m,v? ) . - ,
> —L=m_c* What is the initial energy of the particle of mass mo.
v
-2
—L=m c2 —pvem 2e—m o2 1-Y> 1k
pv—L=mg L=pv-m “=-m~, /1 7t
C
Variational Principle
tZ
Ag:?lo:S:J.L[X(t),X(t),t]dt x=9X_ux This s the velocity component in x axis.

dt

4
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t
SS=8J.L(X,X,t)dt=Zer0 Variation of the action along the X axis.

t

Building the variable X'=X+€1 in the range t;<t<t, we have seen this when €—>zero=>x'=x and

where g¢#zero we will have the conditions:

%zzero n:n(t) n(t1 )=zero n(t2 )zzero ?Tnzzero
t €
X'=X+€N X'=X+€n %:n %ﬂ] %zzero

Then we have a new function I IG X+8T],X+8T], dt IF X' X' t)dt and where:

t t

tZ
e=zero—x'=x >X'=x >F=L=> j F(x'x't)dt= j L(x.%,t)dt

t 4

t
4710 X'#X X' #X > F£L=> j F(x'x't)dt j L(x.%,t)dt

t 4

So we have I(S)z I F[X'(S),X'(S),t]dt that provides derived:

81(8)_t28F(X X't dx 8F X X' t
e —J pwe dt J dt I ndt+J‘ ndt=zero

£

d(oF. \_d(oF). oFdn_ &F. _g(aF ) d(aF)
d(é‘x'nj dt(é‘x')nJré‘x'dt o atl o™ Tdrl o)

SI(e) foF d( oF _
4 Iax,ndHJ ndt= J ndt+ I[dt(@x'n) dt(&x') Jdt—zero

%:) ttj “d”jd(ax'”j jdt(  Jrot=zero

t,

OF \_oF
J d(ax'“j Gx'n .

.[dt( £ na IPF 42 jdt=zero

1

aF()aF

=2tz -2 5n(t, J=zero
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81(e) _{f oF d(@Fﬂ oF_d( oF
& J[ o il o ndt=zero=n#zero—>—-—, X dt( vaj—zero

1

e=zero—>x'=x—x'=x—->F= L:>aL d[@L) Zero

ox dt\ox
oL_d(oL 2 [_v?_ k
oL_dJ oL L=— -4 X
oxdi (8}() This is the X axis component m,C 2 +r
o _ 2 1 v2 k| _d| o 2 _v? k
x m,c ,/1 c2+rJ dt{ax( m,c ,/1 cz+rH

Of o2 v 8(1{} \/dxz dy’ A T
ox| M1 CZJ zero oxlr )70 VSV Tar Tar VY

d| 0 2 v? - .
=— % —m_c“.|1—-= || This is the X axis component
j dt{@)’;( © c? X P

%(%)zk@(r‘l )=k(—1)r‘1‘1@=—kl§=— 2.3 r’=x2+y%+z?

c v2

s
(o e g e
Ox c 212 2 2
l_L_ \/I—V \/X +y“ +z \/1 v
c? c? c?

dx [1_v? [{_v?

J1=v2 v

df MX |\ My jdx [j_v:, X (VdV) __m, {dt c? c? X (VdV)

dt v (I_VZJ dtV ¢ “y2\c?dt V2 V2 I—V—ZKCZ dt
C c? L c? c? c? c?

| di [_v? [v2
d| mX | m, | dtV 2V 2, (Vdv): m, Z\dx.vdvx}

(
+ 1
dy [ 2 (1_\,2) V2 T2l dt (1_2ng 2)dt " dtc?
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m, | 1 V2 X1+VdVX1+ 1 yJ+VdvyJ+ 1 v? shevaV X -=kp
3 c? dtc? c?
2

a:xhy}zﬁ:%(xﬁyjmﬁ}% V=Xt vk
= m, [ &V, v |_—k: _
F= : SL(I jdt dt&} o =21.16
1-Y—
( cz)
= om, [ dv, dvv |_—ka _
F= gl_(l jdt+vdtc j| rzl‘ =21.19

§24 Variational Principle Continuation

2
'2 mc
E, =m,c’ 1+V—2:+:k+con5tante 21.21
c v: T
2
2 2
2 m,v 2 m,C
By =m,c’, |1+ == - +m,c? 1—V—2:+2:k+constante
C 1_V C I—L r
2
c c
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12 2

Ek—k—moc2 lJrV—Z—K:m"—Veroc2 l—V—z—k:&—k:k—K+constante

r c r l—ﬁ c r l—ﬁ r r r

c c?

k 2> vk mgv’ S R
Ey—==m, " [l+—F - =—= —| —myc” [1-->+= |=m,c” =constante

r c r 1_L2 c r

C
' 2 v'? 2 v2 k rnoV2
T'=myc” I+~ T=-my",[1-—5 E,=—> pv =
c c r 1_L2
o2

m v m V' V2 v2

pv 0 _v=v'—=2 v'p' p=p',/1+ > p'=p 1__2
\/ _v- \/1+V'2 C C
c? c?
Eg =E, +E, =T+E,=pv—-(T-E,)
Ek:T‘ Ek:pV—T T'=pV—T T:p'V'—T'
L'=T'+E, L=T-E,
Er =E¢+E,=L'=pv-L
L'=pv-L L=p'v'-L' L+L'=pv=p'v'
_dT'_ d 2 2o mev _dr_d 2 2l mev
p—g—@(moc 1+‘;—2]— OV'2 =mgyv p—d—v—g[—moc I—Z—ZJ——OVZ—mOV
1+ 3 1_72
C C
dr'=dx'i+dy' j+dz'k=—dxi—dyj-dzk=—dr 21.08
Fi=dr'_dx'3, dYJ dz'v -1 (dx " -1 dr__—v
ar ~de e ac /— 2\ dt dt dt /— 2dt (v Vz

%'=v' dX -1 dX _Vx

T 2 dt

T _v©
,_dT _ d 2 [ v? myX' - dT _ d 2 [ v myX "
P e dX’(mOc \ 02] 2 T dx( ooy CZJ A

f‘:x'f+y'j+z‘l;:—xf—}lj—212:—f 21.07
X'=—Xx y':—y 7'=—7

ox'__ y_ 4 0z'_ 4

Ox oy 0z
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oL _ 42 erg
ox dt\ox

oL d(@_L)zéx'ﬁL dt' d(éL
ox dt\ox/) oxox' dtdt'\ox

j:zero

O (AT '\ 1 d
- aX'(pV L) V'2 dt'
1+c2
m

0 (v Mo _di'_ P ov oL, My

ox'0L_dt'd [G_L)__ 0
oxox' dtdt'\ox

L:p'V'—L'

(-m_x')=zero

dx'

ox' P ordt T ax Pox ox [ _gedt o0
1+ 1+
C c
%=Zero N _ero L'=m 2, [1+Y2 K
aX' axl ) C2 r
oL', M, dgx'_ 2 i mV (w2 2 a2 2 2
o o7 de zero " =1 '=(-T)(-T)=x"+y +z" =x"+y +z
o2
' 12
OL_ 0 [y e [14Y2 Kk IQ(_g):_kg(r—l): k(- o L
ox' ox' c r) ox'\' r ox' ox' r
oL' m, dx' x' mo"v
I :k - =
G‘X' V'2 dtv r3 V' Z€1r0
1+
V2 c?
mo)'i' ' 2 A T " ] ol =K
=KX —k;‘—31—k:—3j—krz—3k=r—§(x fryiez k}r—g% =
1+
c
mX' » my' -~ mjZ » mga _g,
: V21T lv J+ - = : — r2r
+c—2 +C—2 +C—2 +C2
1’1’105' _—k~_ k=~ A A _moav _—kx
V'2 r—zr —r—zr —I'=r sz —r—zr
1+ o 1+C—2
§25 Logarithmic spiral
d’w d’w 2 o
HF+HW+3Ad—2W+3AW —B=zero r=e¢e"

dw _~Qsen(¢Q)

1_1
w===——|1+¢&cos
=l (4Q)] m 5
W = l = 1 = eiad) d_W — _ae_a¢
r ™ dé
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HaZe ™ +He *+3Aa%e % **+3A (e ] ~B=zero
Ha’e " +He *+3Aa’e > +3Ae > -B=zero
(1+a%)He ™ +(1+a> BAc ™ —B=zero

(1+a® BAe 2 +(1+a® He —B=zero

(1-+a® BAW? +(1-+a® JHw—B=zero

3AW? + Hw — . B2 = 7€ero
+a

—Hi\/H2+4.3A B
a¢_1

1
w=e€ == = +—
23A 6A ~ 6A (1+a2)

—

r 2
3Al=Ha+ L g2 12AB 1y =Hy 1 2 12AB 1 B e
| 6A  6A 1+a’ 6A " 6A (1+a2)] (1+a2
S ;
3A (__j +2(ijL H2+12AB ([ 1 [z, 12AB ||
A (1+a%) \6A 1+a’
— 12AB jeero
6A 6A (1+a2) 1+a

3A( H) 2( Hj L [ 1248, 1 [pp2 1248 ]
6A 6A Tra?) 36A (1+a?)
12AB —ero
6A 6A T1+a?) 1+a
12AB (z 12AB
36A2 18A2 1+a 36A2 (1+a?)
2
—H’_ H [, 12AB —jero
6A 6A\ (1+a’) [ 1+a
L 12AB 12AB)
12A 6A 1+a) 12Ak (1+a2)

—H? 12AB
6A 6A 1+a 1+a

=Z€1ro0

2 2
H + 1 (H2+12ABJ—H—— B =Zero

124 12A0  (1+a?)) 6A (1+a®

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

=ZC€1o0
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§25 Logarithmic Spiral (Continuation)

—(H+A j d’ LA _GNi" 21.71
do* L'
2 —
H+Al) d’w, 1|_-GM,
r){dy? r) L?
2
H+Alj dw. 1l__p H= ERZ A=SMo B=Mo
r)do¢” r m,C c? L’

do* T

2
(H+Alj d W+1 +B=zero
r

HP+3HPAL3HA? L A3%j[d L 1J+B zero

I' r T

H'+3H’AL3HA’ LA’ Lap’ 307Al 3HA® L+ A" L =zer0
r r r r r r

(H3+3AH21)£dW lJ+B Zero
r\ d¢*

(H3+3AH2 d—W+w +B=zero
d¢?
2 2
H3—C(11¢‘;V +H3w+3AH“(‘1T‘§w+3AH2w2+B=zero

1_

[1+&cos(¢Q)] d_W:——Qsen((I)Q) d2W=_Q2 C]())S((bQ) 21.38

1
r eD dé D d¢y?

H{_Q2 cI(;S(¢Q)}+H3 8}) [1+ccos(¢Q)]+3AH {Q+S(¢Q)} D[1+gcos(¢Q)]

+3AH? })[l+acos(d)Q)]}2 +B=zero

30208(4Q) 13 1 L 31 2| ~Q cos($Q) 2| ~Q%cos(9Q)
-H%Q O — 4 H D+H Dacos(¢Q)+3AH { O LD+3AH { o L gcos(¢pQ)+

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

Q) I s eos8) IAIQ c0slh0) pageos80),
D aD D eD D?

3AH [1+28C05(¢Q)+8 cosz(¢Q)]+B zero
g
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_HQ? cos]()tbQ) H, 1 00s(9Q) 3AH’Q COS(¢Q) 3AHEQ? cosD(¢Q)

eD

3AH
€ D2

3AH

2 2&cos(9Q)+ T

D eD

3AH’ g”cos (§Q)+B=zero

HQ? cos]()¢Q)+ H? , q3c0s(0Q) 3AH’Q’ cos]()¢Q)_3 AH2Q? cos]z)<2<1>cz)+

eD

€ D2 eD

L3AH? | 6AH? co8(9Q) 4, 1y208°(6Q) (¢Q)
D

D eD

+B=zero

~H'Q?cos(¢Q), H® | HP cos(¢Q) 3AH’Q’cos(¢Q) 3AH’Q’ cos’(¢Q)
3AH2 D 3AH%D 3AH® D 3AH%D D 3AH?>  D?
3AH? 6AH> cos(¢Q) 3AH’cos’(4Q), B _
3AH2%D? 3AH2D D 3AHZ D2 3AH? °
—HQ’ cos(¢Q) L H +HCOS(<I>Q)_Q2 c<>S(<1>Q)_chos (4Q)
3A D 3A¢D 3A D eD D D’
e a?)cosl()d)Q) 00512)(24) 2 ST
c0s*(9Q) 52 cos”(¢Q) HQ” cos(¢Q) , H cos(¥Q) Q” cos(9Q) ,
D’ D2 3A. D 34 D & D
L2 cos(¢Q) . L . B e
"eD D 3A8D g’D? 3AH?
(1-Q2)s 0Q), ( HQ* H Q 2 \cos(¢Q, H . 1 . B _ .
D? 3A 3A &D €D ¢D) D 3A8D ¢’D® 3AH?
He ER2 -m, 022 szl—%
m,C m,C eD
1) 0@, [ CDQ” D Q' 5 Jeos@Q), D, 1, B .,
D 3A 3A €D SDJ D 3A8D e’ D? 3A(-1)
2\cos’ (0Q) (Q° 1 2\c08(¢Q) 1 1 . B
(l—Q Rl I — + +-—=-=zero
D> 3A 3A sD D) D 3AsD p’
2 2 \
(1 o )eos 4Q) (Q° 1 Q 2 jcos(¢Q) 1 . 1 _ DB _ .
D> 3A 3A &D D D) D  3AeD D’ 3AeD
epB="LMs |
Ll
( _Q2|os (¢Q) Q 1 QO 2\008(¢Q) (S U R,
D> 3A 3A €D &D D) D  3AeD D> 3AeD
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3A 3A aD aD) D 2p?

=Z€ro

( _Q? cos ((I)Q) [ 1 \COS(d)Q) 1

Q=1 6A

[l_(l_@)wcosz(q»cz){u 6A)_L_L(1_6A), 2 Jeos9Q), 1 _

D)) p? '13a\ &) 3A D D] D 2p?

e =Zero

(1 1+6A)COS (4Q) , ( 16A_ 1 1, 16A, 2)03(¢Q) 1

eD) p? 3A 3AED 3A oD eDeD D) D op?
(64 )cox"(40) @), (2, 6A 1 |eos®Q), 1 _
eD) p? "D 2p’ eD) D ¢p?

> 5 > o =Z€ro

D eD ¢p’°) D ¢p

NP () 3 ) v

2
(6A)%@@+(_1+%)%+$=zero

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

N e e

D 2.6A
2
_6A) \/_ 2 H(_1\6A (6Aj _24A
1 + 1)"+2(-1 +
COS(¢Q):[ eD 1) ( )SD eD eD
D 12A
[ 6A) \/1 124 (6Aj2_24A
COS(¢Q) eD gD eD
D 12A
2
(1_6A)i 1-36A | 36A
cos(pQ) \ eD eD <D
D 12A
2
(1_6A)i 1-36A | 36A
cos(pQ) \ eD eD  ¢'D
D 12A
1_36A 36A ~ [1_36A 36A2 ~ ero A= SGM,
eD  ¢’p’ eD gD ¢’
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2
36A° 36 [GM, Y’ 36 [6,67.10*“1,989.1030 ~ 14
6A"_ 36 [GM, . —| =2,55.10
D’ D\ ¢ (55.442.955.600)” | (2.99792458.10°

i) (550

D 12A
( 6A)+ [[_36A |_6A, (1 136A] |_6A (1 ISAJ
COS(¢Q) eD __ eD 2eD/__ €D eD
D 12A 12A 12A
_6A_( —ISA] _6A |, 18A 12A
1 1 1+
cos(¢Q) _ eD/)__ eD gD _ gD _ 1
D 12A 12A 12A ¢D
——COS(d)Q) +-L —zero
D eD
zero<r(¢pQ)<owo—>M, #zero>Q= 1—%—>—M+L=zero
eD D eD
e G * L2 |eos(9Q) 1 e
D 3A 3A D sD) D ¢p
r=0—>M,=zero—>Q=1 Q=,/1- 6A _ 1_6 —Gl\f" = 1—L G(zgro) =1
eD eD{ ¢ eD c
2
(11)% (2¢Q)+( ST ) A -
3A 3A sD ") D p
(HCOS(d)Q) Lo COS0Q) 1
D) D 2p? D sD
r:w—>M0:zer0—>Q:1—>w:L: 1 [1+ecos(9Q)]= COS(¢Q) ——=zero
=0 gD 8D
The presence of Q in the formula r=r(¢Q)=¢, allows it to also describe a spiral.
1+¢&cos(9Q)
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§25 Logarithmic Spiral Continuation Il

2 2 2
Q2 )esQ),(Q° 1 Q" 2 Jeosb®), 1,
D> 3A 34 eD D) D p’
h_12A
zero<r(¢Q)<oo—>M0;tzero—>Q=—8D
1_6A
eD
1_12A—‘ [ (1-12A (1_12A —‘
|-l __eD |[cos’@Q) | 1| eD |1 _1|_ eD |, 2 [cos9Q), 1 _ ..
1—6A || D2 |3A] 1-6A | 3A 8DL1—6A eD| D &P
L eD L eD eD
[_6A_ 1_@}0052(‘1)@ [ 1 (1 12AY_ 1 (1 6A)_1 (1 124, 2 (] 6A)[cosdQ), 1 (] 6A)_
I SD( sD) D2 +_3A( eD) 3A\ eD/) eD\ 3D)+8D( sDJJ D D2\ sDJ e
(1 6A |, 124Y0s(0Q) (1 1 12A 1, 16A 1, 1124, 2 26AY\0S0Q 1 1 6A
eD  eD) D2 \3A 3AeD 3A 3AeD ¢D eDeD D eDeD) D &2D? 2D2eD
(@\cosz(d)Q) +( 1 YeosdQ), 1 1 6A_,..,
eD) D? eD) D gD g£D?eD
2
_[_lji \/(_1) _46A( 11 6A)
cos(¢Q) _ eD eD eD\e2D? £2D?eD
D 26A
eD
li\/ 1 _24A( 1 _ 1 6Aj
COS(¢Q): eD Ve2D?2  eD \&2D2 ¢2D2eD
D 12A
eD
li\/ 1 _24A 1 _24A 1 6A
cos(¢Q) _eD Vg2D? gD 2D gD 2D gD
D 12A
eD
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1 4+ 1 [[Z24A 24A6A

cos(¢0Q) _ D~ &D eD €D eD
D 12A

eD

cos(¢Q) _eD " eD eD  g2D?
D 2A

eD

141 [[_o12A  144A°

1.1 12AY
cos$Q)_eD " D 1-12)

D 12A
eD
lil(l—le)
COS(¢Q)= eD €D eD
D 12A
eD
li(l_IIZAj
COS((I)Q): eD \eD €D eD
D 12A
eD
1_(1_112A)
COS((I)Q): eD \eD €D €D
D 12A
eD
11, 112A
cos(¢Q) _e¢D ¢D ¢D ¢D
D 12A
eD
1 12A
C05(¢Q)= eD eD
D 12A
eD
cos(¢Q)_ 1
D eD
_cos($Q) +L —zero
D eD

[_12A
zero<r(pQ)<oo— M, #zero—>Q= eD _, COS((1)Q)+L=zero

1—6A D eD
eD
|_12A oM
2___eD |_6A 2_1_6A A="No
Q 1—6A eD Q eD ¢
eD

eD=a(1—£2)=57.909.227.00000[ — (020563593 |=55.460.469.568.40
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_GM, _6,6740831.10'".1,9891.10%°

A =1.477,089.535.42

2 (299792458 108
1-12A
Q= [—=2D -0,999.999.920.1 Q=_[1-0A -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= 6—1]1.296.000,00 Ad>zero Advance Adp<zero Regression

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"

-sa)

L eD

N=100PT _{00365.256.363.004
‘PM

=415,210.316.139
87,969

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

> Ap=AGpN=0,103.549.876.997 x 415210.316.139=42,994.977.164.2"

By definition £>7€ero

zero<r(¢pQ)<owo—M,#zero—>Q= r=0o—>M,=zero—>Q=1

—COSM)Q!—FL:ZCI'O—)EI: 1 %d)—Q)-FL:ZGTO—)S: -1
D eD cos(¢pQ) D eD cos(¢Q)
Self Q=1

[‘C’:cos(qﬂ—n)Hg:ch@}
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Energy Newtonian (Ey)

5 2
(l—Q2 )cos (2(|)Q)+(X_8%jCOSSQ)_FQ_Z_,_L_SLD—y:zero

D D’ ¢'D°

—0—>Q= -1 _ 1 _cos(¢Q) 1 _
r=0—>Q=l->w 8D[1+8cos((1)Q)] D +8D zZero

2
) i ) et
( Q eD eD eD D) D* ¢D* D Y

2
1_2(1jx+2+Q=1 X =Zero
- D) eD D’ D’ &D’ D °

2

1 Q@ x., 2 Q.1

T T T =ZCro
D’ &D’ D D' D’ D €D
Q. Q 4 2 2
} } =7€ero =1
g£D? D’ ¢D* €D y Q
1 1 4 2%
+—+ =Z€er0
D’ D° &’D° €D Y
22 22 22 22
82D2 & Ig +482 Dz 2xe D°_2p2yzero
gD D gD eD
—1+82+4—2X8D—82D2y=ZGI‘0
x=2 y=2Ex [*=eDGM 112 )
eD m,L a €D
—1+82+4—2%8D—82D2y226r0 —1+82—82D2y:zer0
€
~1+&>—¢’D? 2EN2 =7ero —1+82—82D2A:zer0
m,L m,eDGM,
“1+&’—¢D 2Ey =7ero L(('»:Z—I)ZZEN
M m, €
E.-—k
N 2a

§26 Advancement of the Periélio of Mercury of 42,99

Supposing ux=v

(2.3) u'x'= Ux—V = VU =u'x'=zero
\/l+x72_2vux \/1+Y/'2_2VV
2 2 2 2
c c c” c
Ux=v ux'=zero 21.01

128/212



(1.17) dt'=

2vux —dt / VV _ gp= /1__

2
(1.22) dt= dt'\/1+"2 ZVUX—dt' +ﬂ—2:>dt ' [1+%
c c?
2 o2
dt'=dt,[1-— dt=dt'[1+—
c c
v’ v
1——2 1+—2:1
c c
V= v v'=—
T -V
+7 —_
c’ c?
dt >dt' v<v' vdt =v'dt'
N 7 — . —
(1.33) V= - = = _
l || 1 ] 1 ]
\/l++2 L \/1+VZ+2V20 1+
c c c c c
(1.34) V'= — — = V=
vo  2vux ve 2vv v
\/l""z 2 \/l+ 2 2 \/1_2
c c c c c
=V =V
V" e
c c
F=rf=-¢" Pl=—rf=-f IH=|r|=r

dr=drr+rdr=—dr

rdr=drrr+rrdr=dr

V= =—r+r

__df_drf)_dr. d_¢¢3
dt dt dt dt

v'= dr! J—)d L —(drf+r

at' at at'

a=

dv _d*f _dArE)_| dr
dt dt® dt? dt

3= av' dr 2(—rf):

dr'=—drr—rdr=-dr

rdrf'=—drtrr—rrdr=—-dr

2 2
vi= ??z(gj +(rd—¢j
dt dt

) el
-2 o a2

de' de?  dt?

. (,drdg  _d¢)\:
dt'2 r( ”[ (2dt'dt'+rdt'2j¢
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21.03

21.04

21.05

21.06

21.07

21.08

21.09

21.10
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21.12

21.13



21.06

1+
C

_dt' ( - |_ / vid| - 2150
dt dt‘t\/l—l—v C2 dt' V‘l2
2

|2 1 |2
14297 _pd |
c” dt' t' c

1.2 -1

/ o) T (22a)
v dt' ¢’ ¢’ dt

12 | 12 | g |
1 qpveavt vt 1 dviv
\/1+V'2 c’ dt' c? \/ o2 dt e

h _dv 21.51
2 dt
2
dv_ . dv = 21.52
dt' dt'c
dv _ = —m dv av'v'
e T [,V —p Qv 2153
v dt ,23{( jdt’ dt'cz}
_7 (1+sz
C

130/212



B =[Fdf=[F (-dF)=[—Ei(-dr)
r

dt'  dt'

21.54

Ek=jﬁ.df=ji' .(—df')=J o d‘7df=_|' o J[l#é—f]d‘; wav V}( df')=j;—]2<f(—df') 21.55

2 dt =
1-v_ 22
\/ 2 (1+V2]
: U E S ar T ae 2
s ( |

1+
c

B, = [—e—dvv= Lﬁi{uc—zjdvv VCV} j—dr

g =T o[ {(H—Zjdvv—vd } JEar

B, J-mvdv myv'dv’' (l+v—'2—v—'2j:_|._—kdr

ék 2
2 e
C'2 1+?

1 J
B = J'monV J' monV§ I—dr dE, = mvdv _ myv'dv _—kgy,

- 3
1-V_ 2 v we T
C2 1+72 CZ l+72
c c
=-mcC 1fl—— \/_ﬂ——ﬂ:onstante

/ 2 2
ER:—moc2 1—V—2—£:constante ERzi—ﬁzconstante
(e} r V'2 r
1+—
c
-mc? k v k —mc _k
ER:—OZ——:—mOCZ—i-InOT—— E —IZ’IOCZ
' r r 0
1+ 1+£j
c
— E
12 R4 k21
V' mc mc"r
s
E GM m GM
H=—" A= k2: =
mcC mc”  mcC c
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3
1 _pial 1 3:{H+Alj
| r 2 = r
1+L V‘ 2
. )
['=P'x7'=—rx —(£f+rd—¢¢;j :rzd—¢(fx¢?):r2d—¢]g
dt dat dt dt
['=P"%¥'=—Fx _‘72:rr 1 j(drﬁtrd—¢¢j il Zrzd—¢(fx¢?)=r2d_¢‘]§
\/1_v \/1 \dt” T dt v’ dt dt
2 2 2
C C C
D=r29 ;- r=r299
dt' an
dE, =R MVAV kg, K pgp
\/ v EAVEES r
s (M7
dE, 7o, M, AV k odP koo
d ]V<_ - ;V |__2r '__er
t 2\, dt' r- dt' r
(1+sz
C
- ma k -
F ﬁ——zr
sy
1+7
C
- 2 2 24
R R e i e e
o | [at? \ar dedt  de r
%)
2
C
J— 2 ~
§'¢3: o (2dr dg d¢j =zero

d’r _ —I” dw
dt”  r* de
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21.63

21.63
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21.56

21.65

21.66

21.67

21.68

21.69



§25 Logarithmic Spiral continued

2 —
(H+Al) d‘;’+1 = GIZ/IO
r)ldg> r) L
2
(H+Alj dw 1) g H=—"R_
r){d¢” r m,c
2
(H+Alj d W+l +B=zero
r dd) r
(H +3H?AL3HA? LA 1) w11 B ero
r’ rr)ldg” 1
H'+3H’AL3HA’ LA’ Lap’ 307Al
T r T T

(H +3AH21J d’w w11 B=zero
d¢’ r

2
(1° +3AH2WHTV2V+WJ+B=zero
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21.70
21.71
21.71
A-GM. B_ M,
C L'

3HA2%+A3%;zero
r r




2 2
H3—‘(11¢‘;’ +H3w+3AH2(;T‘;’W+3AH2w2+B=Zer0

[1+ecos(¢pQ)] dw _ —Qsen(¢Q) 2w —Q%cos(¢Q)

€ - 21.38
eD do D d¢’ D

W:l:
r

The first hypothesis to obtain a particular solution of the differential equation is to assume the infinite radius
r=o0 , thus obtaining:

w= » :loo =$[1 +ecos(9Q)]=zero=ecos(pQ)=—1 ?;d)vzv - _Qz Cgs(d)Q) - _Q28:SS(¢Q) Z%

2 2
H3—‘é W +H w+3AH? ‘2{1—"2"w+3AH2w2 +B=zero

2 2 — 2
W =Z€ero dw WZQ— H= Er__—mge =-—1

do* €D m,c2 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=oo0 where the influence of the central mass is zero M =zero and Q2:1 therefore the direction of the

center of mass is given by the angle (¢Q+7t) that replaced in the equation acos(d)Q):—l results in the

new equation 8005(¢Q+TE)=—1 that indicates direction opposite the direction of the infinite radius which is
the direction of the center of mass.

gcos(pQ+m)=-1 cos(¢Q+m)=—cos(¢Q) g[~cos(¢Q)]=-1 ecos(¢pQ)=1

wol 1 _ 1 _2 2w _—~Qcos(¢Q) _ —Q’ecos(¢Q) _ ~Q’
== [1+&cos(dQ)]= (1+1) 0 = D 5
w=2_ dz_W:__Qz H= Er - —mc? -1
eD d¢* €D my,c2  mgyc2

2 2
H3—‘(11 ‘;V+H3w+3AH“(‘jTV2VW+3AH2w2+B=zero

(—1)( j+( 1)( )+3A( 1)( Dzj(éj+3A(—l)2($)2+B:zer0
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_(;_gj —[SLDJ ; 3A(_8—%2)[8%j ; 3A[8%j2 +B=zero

2
QL _2 3AQ 2 +3A 4 5 +B=zero
eD €D eDeD &’D?

Q2 6AQ°, DA

+B=zero
eD eD ¢D° D’

eDQ” _2¢D ——SD?AZQ + SDzl 22A +eDB=zero eDB= SDG?A o EDGM,
eD €D eD eD L' eDGM |
Q2—2—6AQ +12A 11— 7er0
eD eD
QZ—I—M#—M:ZCI’O
eD eD
5 1— 12A
Q-6AQ" ;12 Q=D
eD eD 1—%
€
Applying the results of the second hypothesis in the differential equation:
3d’w 13 2 d*w 2.2
H —2+H w+3AH —2W+3AH w”+B=zero
do do
_ 2 —0?
:l:i[Hscos((l)Q)] d_W:—Qsen(d)Q) d ‘;V _=Q cos(¢Q) 21.38
r €D dé D dé D

H3{_QZCOS(¢Q)}+H3 1 [1+&cos(¢pQ)]+3AH? {M} [1+&cos(6Q)]+
D eD eD

+3AH? %[Hscos(d)Q)]F +B=zero

eD D

302cos(9Q) 3 1 31 Q% cos(9Q)
H"Q O +H 8D+H 8Dz—:cos(¢Q)+3AH [ > }

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

—H3
Q eD D eD

+ 31?;;22 [1+28005(¢Q)+ &’ cos’ (¢Q)]+ B=zero
€

+3AH2{—Q COS((I)Q)} gcos(¢Q)+
eD

2005(0Q) , H? | py3 c0s($Q) 3AH’Q” cos(§Q) 3 y252 c0s"(4Q) |
D D D’

132 S0s8Q) , H® | 3 cos(9Q) 3AH’Q” cos(9Q) 3, py2y2€05°(4Q)
D D D’

eD D eD

3AH L 3AH? 3AH? 2 2
=="-2¢cos(PQ)+=—-¢"cos” (¢pQ)+B=zero
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_H3Q2 COS]()d)Q) +H_3+H3 COS(¢Q)_ 3AH2Q2 COS]()¢Q)_3AH2Q2 COS;(;I)Q)_'_

eD D eD
2 2 2
L3AH? | 6AH? co8(9Q) , 5, 1y2€05°(0Q) (¢Q) +B=zero
2D2 eD D
~H'Q’ cos(¢Q),  H’ H® cos(¢Q) 3AHQ’ cos(¢Q) 3AH’Q’ cos’(4Q)
3AH?> D 3AH28D 3AH> D 3AH’sD D 3AH? D?
3AH? _, 6AH* c0s(¢Q) 3AH?cos’(9Q), B _ .-
3AH%¢’D? 3AH?’:sD D 3AH2 D? 3AH?
~HQ? cos(¢Q) N L H cos(¢Q) Q° COS(¢Q)_Q2 cos’ (¢Q)
3A D 3A¢D 3A D eD D D?
1, 2cos(9Q) cos’@Q), B _ .
2 2 2 2
D D D D 3AH

cos”(¢Q) _y2c05"(4Q) HQ® cos(9Q), H cos(§Q) Q” cos(¢Q) ,

D* D2 3A, D 34 D e D
L2c89Q . H 1 . B _ .
"D D 3A8D e’D? 3AH?
(_Q)es0Q), [ (HQ® 1 Q° 2 leosWQ), H . 1 | B .,
D’ 3A '3A eD &D) D 3A8D ¢2D?> 3AH>
— 2
- Er —-mgc —1
ch m,c2

(I_Qz\cos2((|)Q)+ _(—1)Q2+(—1)_Q 2\005(¢Q) =D . 1 _+ B _ o
5 3A 3A @D D) D 3AD D 3ACI]
( Q2 cos (d)Q) __L__ 2\005(¢Q) 1 . 1 . B_ a0
D’ (3A 3A D D) D 3AeD p’
(1 Qz cosz(d)Q) Q_Z_L__ 2\005(¢Q) 1 1 DB _ .,
D> (3A 3A D eD) D  3AeD D’ 3AeD
_Dp_fDGM, _sDGM, _
L?  eDGM,
(1—Q2 COS2(¢Q)+ Q_2_L_Q_2 2 |cos(9Q) 1 41 L _Jero
D> |3A 3A D eD) D  3AeD ¢’p’ 3AeD
( _q?Jeos ((I)Q) Q_z_L_Q_erL COS(¢Q)+ 1 __,ero
D> (3A 3A e &) D Fp’
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,/1
zero<r(pQ)<oo—M,#zero—>Q= \/78
6

1-12A —‘ 1-12A —’
|_| __eD cosz((l)Q) 1 11|  eD |, 2 |cos(@Q) 1 __ .
1—6A J D2 3A| 1— 6A "3A eD| 1_6A aDJ D  &D?
eD eD

1_6A (] 12A)—|0052(¢Q),_L(1 12A)_1 (1_6A__1(|_12A),2 (4 6A)1cos(¢Q) L 6A) Jero
L ep U /)] D2 13a\ eD) 3A\ D) D\ eD/) D\ oD/ D T &2D2\

(1 6A 1, 12AY008%(0Q) (1 1 12A_ 1 1 6A 1 112A, 2 2 6Acos®Q), 1 1 6A

t =ZCro
eD  eD/) D2 \3A 3AeD 3A 3AeD eD eDeD gD eDeD) D £2D? £2D2eD

=Z€10

(@\cosz(d)Q) J{ 1 Yeos9Q). 1 1 6A
eD) D2 eD) D &£D? D?eD

—(—1]i \/(_1)2_46A( e 6Aj

cos(dQ)_ \ ¢D eD)  eD\g2D? e2D%eD
D 7 6A
eD

141 _24A[ 1 1 6A)

cos(0Q) _ D" Ve2D?2 gD \2D? £2D2 gD
D 12A
eD

24A 1 ,24A 1 6A

COS(d)Q)_ sD \/?,ZD2 eD &2D? ¢D €D?*¢D
D 12A

eD

14 1 [j_24A , 24A 6A
COS(d)Q) eD €D eD eD eD
D 12A

eD

141 [[o12A  144A7
COS((I)Q) eD ¢D eD  gD?
D 12A

eD

141 (1_12Aj
COS(¢Q)=8D eD eD
D 12A
eD

141 12A
COS((I)Q) eD aD(l SD)

D 12A
eD
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1+(1_112Aj

cos(dQ) _eD \gD D &D
D 12A
eD

1_(1_112A)
COS((I)Q): eD \eD €D eD

D 12A
eD
11, 112A
COS(¢Q)=8D eD €D ¢D
D 12A
eD
1 12A
COS(¢Q)= eD eD
D 12A
eD
cos(¢Q)_ 1
D eD

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

11_1
eD €D
That it is an identity demonstrating that the result of the second hypothesis is correct.
1-12A GM
2__ eD 1_6A 2_1_6A A= 0
Q 1_6A eD Q eD ¢’
eD

eD=a(l-£)=57.909.227.000001 - (020563593 |=55.460.469.56840

A GM, _6,6740831.10'".1,9891.10%

=1.477,089.535.42

c2 (2,99792458.108
1-12A

Q= |—£D-0999.999.920.1 Q=,/1-92-0,999.999.920.1
1_6A eD

eD

1,276.789.102.53™

$.Q=1.296.000,00=> ¢=1:226:000,00

Q<1 Advance Q>1 Retrocess

A¢z(é—l}l.296.000,00 Ad>zero Advance Ad<zero Retrocess
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Adp= — L 101.296.00000=0,03.549.893.544"

[
k.
N
>
N =

Adp= %—1 1.296.00000=0103.549.876.997"
(5]
|\ €D

N=100.2T —100
PM

365,256.363.004
87,969

=415,210.316.139

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

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

Newtonian Energy Ey

== TR =zero

dt r° myr m,
dg_ L dr__,dw d’r _ =L dw d’¢ _ 217 dw
dt r? dt d¢ dt? r? d¢? dt? r3 dg¢

e -2 =zero
dp) r* mIL'r mI
i 2F
dw 1 ——2k2 1 Y-=zero
d¢) r° mIL°'r mL
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2
2E
W |42 —2—kw——N2:zero
d¢

m, I m,L

2E
= 2k2 = N2
mL m_ L

(©] o

2
(@J +w’ —Xw—y=zero

d¢
WzizL[l+8COS(¢Q)] @:_—QSGH@Q) de:_Q2COS(¢Q)
r &D d¢ D d¢’ D

[—Qse m)f { [chos(q@]} ~xLi+scodgo]-y=zero

D

o [1 cosz(¢Q)] [l+2€COS(¢Q)+8 cosz((,/SQ)] x——x—gcos(géQ) y=zero

& -2 cos(go)+——+—L2scoslpo

D> I? &’ &°D &°D? eD D
Q_2_chosz(¢Q)+ 1 .2 cos(¢Q)+cosz(¢Q)_£_ cos(¢Q)_y Cero
D? D? gD D D D? D D
cosp0)_ pcos§0), 2 coslgo) ,codpd) &, 1 _x ..
D? D? edD D D D* &°D° &D
(1_Q2)COS2S¢Q! ( jcos! $0) O* . 1 1 X _yzero
D? eD D2 &’D* €D

Newtonian Energy Ey

y=2ero

2\cos” (9Q) 2 Yeos(0Q) . Q1. 1 x
e G ey

—0—>Q= -1 _ 1 _cos(¢Q), 1 _
r=0—>Q=l->w 8D[1+8cos((1)Q)] D +8D zero

2
1- ZI_L)(_L)_{X 2 j( 1 j+Q L Xy zero
( Q eD eD eD eD) D* &D° €D Y

2
1- 2( 1 j X ;2 +Q b1 X =Zero
- D) eD D’ D’ &D’ D °

1 Q x 2 Q1 x e
e£D’ &D’ D D’ D’ D’ eD
Q Q 4__2X_y_zero Q=

&D* D? ¢2D* D
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1 { 1 | 4 2x
&D* D’ &’D° €D

y=zero

¢’D” , &’D” | 4¢’D*  2x&°D’ 2D*v=zero
22 2 T 212 y=
D D €D eD
2 22,
—1+&"+4-2xeD—¢ D y=zero
x=-2 y=2Ex 1>=¢DGM 1_=1(g2-)
eD m,L a ¢
—1+€’ +4—2L8D—82D2y:zero —1+€° —azDzyzzero
€
—1+82—82D2£NZ=zero —1+82—82D2A:zer0
m,L m,eDGM,
e —eD—2EN ero L(82—1)=2h Ey==K
omg € k 2a
§27 Advancement of Perihelion of Mercury of 42.99” "contour Conditions"
Let us start from the equation expressing the equilibrium of forces:
=2 _ K 21.65
5 T

On the right side we have the gravitational force %f defined by Newton, on the left side we have the

—
moal

physical description of Force F’ = 5 of the Undulating Relativity.
vI2\2
(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 < oo, and so we have two distinct boundary
conditions. The first boundary condition is when the radius is infinite r = c 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

Eg A_GM,
2

H=
moc2 c L?

After these substitutions we obtain the differential equation:
3d®w 43 2 d’w 2.2
H W+H w+3AH WW"‘:SAH w”+B=zero 271

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 < o). Your solution is given by:

w=l=L[l+acos(¢Q)] 27.2
r eD
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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‘;VW+3AH2w2+B=Zer0

w=L=1 [11¢cos(¢Q)] dw _~Qsen(¢Q) d>w _—Q’cos(¢Q)

1 -
r eD dé D d¢y? D

H{_Q2 cI(;S(¢Q)}+H3 8}) [1+ccos(¢Q)]+3AH {Q+S(¢Q)} D[1+gcos(¢Q)]

+3AH? })[l+acos(d)Q)]}2 +B=zero

g2 eoseQ) Cos(d)Q) cH3 L g3 L SCOS(¢Q)+3AH2|:M:| +3AH2[QLS(¢Q)} gcos(¢Q)+
<D D eD D eD

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

132 S0s8Q) , H | 3 c0s(9Q) 3AH’Q” cos(9Q) 3, py2y2€05°(4Q)
D D D eD D D?
3AH

[1+28C05(¢Q)+8 cos’ (¢Q)]+B zero

_HQ? cos(¢Q) LB cos(¢Q) 3AH’Q’ COS(<I>Q)_3 AH2Q? cos’(¢Q) N
D eD D eD D D?
L3AH?

22 3A§ 28003(¢Q)+3AH g% cos” (¢pQ)+B=zero
€ £

_H3Q2 COS]()d)Q) +H_3+H3 COS((I)Q)_ 3AH2Q2 COS]()¢Q)_3AH2Q2 COS;(;I)Q)_'_

eD D eD
2 2 2
3/;tz 6AH? c0s(9Q) _ 5, 12 €05 (6Q) (¢Q) +B=zero
D eD D
“HQ?cos(¢Q), H' . H® cos(¢Q) 3AHQ’cos(¢Q) 3AH’Q’ cos’(¢Q),
3AH> D 3AH28D 3AH?> D 3AH’sD D 3AH? D?

3AH? _, 6AH* c0s(9Q) 3AHcos’(9Q), B
3AH%¢’D? 3AH?’:sD D 3AH2 D? 3AH?

=Z€1o0

“HQ? cos(9Q), 1, 1 cos4Q)_Q cosbQ) 2 cos'(4Q),

3A D 3A¢D 3A D eD D D?
1,2 cos(¢Q) cos2(¢Q) B _ o

82D2 eD D D? 3AH2

cos’(¢Q) _Q? cos’(¢Q) HQ’ COS(¢Q) H cos(¢Q) Q° cOS(<1>Q)
D? D2 3A° D 3A D eD D
L2c89Q . H 1 . B _

+
sD D 3A8D e?D? 3AH?
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=ZCro

(I_Qz)cosz(¢Q)+( HQ® H Q,2)cos(0Q, H , 1 , B
D? 3A 3A eD eD) D  3AeD 2D 3AH>

H= Ex _—mye? _

= = -1
myc? m,c?

(1_Q2)0052(2¢Q)+(_(—1)Q2+(—1)_Q_2+ 2 Jeos9Q), <D . 1 . B

=7ero
D 3A° 3A €D SDJ D 3AeD  ¢’D* 3A(-1)
2 0032(¢Q) Q2 1 Q2 2 |cos(¢Q) 1 1 B
(l—Q St St - +— 5+ -=zero
D 3A 3A ¢D €D D 3AeD ¢‘pD° 3A
2jos (0Q) (Q° 1 Q7 2 Jeos(dQ) | 1 ., eDB
(l—Q S STt - +— 5+ eUD —zero
D 3A 3A eD €D D 3AeD ¢“pD° 3AeD
DB gDGZ}\/I0 _&eDGM, .
L eDGM
2)cos"(9Q) Q71 Q7 2 Jeos(vQ) 1 1 1
(1_Q i T~ - + + =7€ero
D> 3A 3A eD D) D 3AeD  *p? 3AeD
2 0052(¢Q) Q2 1 Q2 2 |eos(¢Q) ., 1
(l—Q St STt +— 5 =zero 27.3
D 3A 3A eD €D D e D

This equation must have solution for the same two contour conditions of 21.65.

Solution of 27.3 for the first boundary condition which is when the radius is infinite r = 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
(1_12)005 (@1)+(1__i_1_+i)&(q)1)+#=zero_
D2 34 34 eD &b D £2D?
cos(®) +LX = zero £=—— 27.4
D &D cos(®)

Equation 27.4 is exactly equal to the result of equation 27.2 when the radius is infinite r = co, w = zero and Q
=1, as shown in 27.5:

_ 1 _ 1 _cos(@® , 1 _
== [1+ ecos(@Q)] = - [1+ ecos(@1)] = o+ =zero 275

w =
r=00

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.
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Applying Q@ = E

( Q2 cos ((I)Q) [__L_Q_2+L\COS(¢Q)+ 1
D

in 27.3 we have:

=Z€ro 27.3

T W [ (1_12A 1_12A 1
1| __eD ||cos’(@Q) | 1|  eD | 1 _ 1| D |, 2 |cos(dQ)

1‘@J D> |3A| 1-6A | 3A &D| |-6A SDJ D gD
L eD L eD eD

=Z€10

B ) e E G e G e G i G

(1 6A_1,12AYc08%(0Q) (1 1 12A 1, 1 6A_ 1, 112A, 2 2 6AYCoS0Q), 1 1 6A_,..
eD D) D2 \3A 3AeD 3A 3AeD eD eDeD &D eDeD) D £2D? 2D2eD

(@\cosz(d)Q) _,_( 1\COS(¢Q) 1 6A_,0p
eD) D2 eD) D 82D2 e?D? D

‘(‘1Ji \/[_1)2_46A( L1 6Aj
COS(¢Q)= eD eD eD\e2D? £2D?eD
D 7 6A

eD

1|1 _24A( 11 6A)

cos(0Q) _ D Ve2D?  ¢D \g2D? £2D2eD
D 12A
eD

24A 1 24A 1 6A

COS(¢Q)_ aD \/82D2 eD €2D? ¢D &D?¢D
12A

eD

14 1 [[_24A_ 24A6A
cos(®Q) _eD " eDV_ eD  ¢D ¢D
2A

D 1A
eD

\/ 212A 144A2

cos(¢Q) _ gD eD e?D?
D 2A
eD

1 1 _12A
COS((I)Q) 8D+8D (l 8Dj

D 12A
eD
141 (1—12A)
COS(¢Q) eD €D eD
D 12A
eD
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li(l_IIZAj
COS((I)Q): eD \eD €D eD
D 12A

eD

1_(1_112A)
COS((I)Q): eD \eD €D eD

D 12A
eD
11, 112A
COS(¢Q)= eD _eD €D eD
D 12A
eD
1 12A
COS(¢Q)= eD eD
D 12A
eD
cos(¢Q)_ 1
D eD
cos(0Q) , 1 _ __ 1
-+ =zero £= 0 27.6
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

vi=—= v=—— 21.04
1—‘C’—2 1+%

dt > dt’ v >v vdt = v'dt’ 21.05

t=rt dr = drt + rdf 7.df = drtx + . df = dr 28.01

The radius can be considered a function of time t' = t'(t) ie ¢ = 7#(t") = 7[t'(t)] or it can be considered a
function of time t = t(t') ie ¥ = 7(t) = 7[t(t)].
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F=7r{) =71t ®)] F =71 = f[tt)] 28.02
o _dry  dog GG _dr, dog
Tdv du dus Tt dt dt
g F_drd a1 9 godF_didv_ a1 _
Tt T dtdv - dt ¥ T v2 T dt derdt de 9t T vi2
dt 1_C_2 dts 1+C_2

V=== V=—— 28.03

Vv v/

1_C_2 1+c—2
L dv _ d% _ a?(d) _ [d?r (d@)z o ( dr dg dz(b) =
A= %" ae |ae &/ [F +12 dt dt +r dr? 9 28.04
o dvr d?F _ d2(ed) _ [d?r (d@)z - ( dr d¢ dzw) =
a = dv ~ dvz ~ dw?z  |[de? r dts P+2 dtr dts + I.dtlz 0 28.05
Both speeds and accelerations are positive.
g _dedf v
dvr ~ dt’ dt V2
2

Fremol —F=—To [(1-5) T4y 28.06

vz N ¢4/ dt dtc

1+ (1_V_)
c2

2 o RN K, o

Ey = [F.dif = [F.dif = [ - Z7.dF 28.07

vi2 VZ% 2) dt dt c? r
= v
(1 cz)
mevrdvr mevdv k = meovrdvs mevdv k
Ex=]7 == — = [—=dr dEy = F.d7 = - — = ——5 = ——dr 28.08
1+% v2\2 T 1+% v2\2 r
e (1) e (-g)
2 vz _ mec® _k 2 vi2_k 2
Ex =myc® [1+—= = -+ constante Ep =m,c® [1+——=-=m,cC 28.09
0 c2 v2 r 0 c? r 0
-z
C
moc?  k 1 Kk 1)3 1\3
Ep= Mo k2 = (1450 = (1+49) 28.10
v r 3 moc?r r

2

In this first variant relativistic kinetic energy is greater than inertial energy =2 = > m,c?.This causes
\'4

-z

Mercury's perihelion to recede. The planet seems heavier due to the movement.

dE a7 mgvrY! moviL k k , df

= 0 0 A
_k:F._: dat’ = d[3:——d‘r:——‘r__
dt t vI2 vi2 o r2 r2 Cdt
1+—2 1+—2 (1_V_>2
C C CZ

dEg _ 2 o mﬁr‘;‘; MoVar k koo

—=F.v= = s =——dr =—=7.v

dt (1+&> . T r

c2 (1_"_)
C

dE =N vr.a v.a k . > =3 a k A

ko Fy=r = R = SR F=-"T =—=¢ 28.11

de (1+c—) V22 T V2 r

(1-2) (=)
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> dr d d?p\ = aL _ d d dr d d?
F@=(2—r—®+r—®)¢=zer0 (r2—®)=2r—r—®+r2—®=zer0

dt dt dt? dat  adt dt dt dt dt?
Bo— _mo |47 (d_@)zf-—_i,a
N dt T2
(1-2)
me der (d_@)z _k
vy lae? at) | T r2
(1-2)
w_ 1 L dr_itdiw
dt ~ r2? dt e dtz ~ r2 dg?
1 [ (L)z __ k1
VZ% r2 dg? r2 T mpr?
(-2)
1 [L2dPw (L)z] _ k1
2 2 2
vz L% do r mer
(1 cz)
1 d’w | 1 k k k
( V2>% (d_(Z)Z + ;) T mpl? 4= myc? B= mgL2
1-=
C
= (1+4 ) —134+3424342 2+ 431 =14342 3422 4+ 431 = zero
(1 V2>2 T T T T T T
ez
2
(1+342)(55+2) =5
r/ \deg? r
(1+3A)d®2 (1+342)2—B = zero
2
ZTVZV+3Ad—Wl+ +3A——B—Zero
d?w d?w 2
— +34A—w+w+ 34Aw* — B = zero
dag? dg?
W-i_ +3Amw+3Aw — B = zero
_1_1 dw _ - (9Q) d*w _ -Q%cos(2Q)
W=iT 0 [1 + ecos(2Q)] ap D ap? D

_02 _o2 2
Q%cos(8Q) + i[l + €COS((Z)Q)] +34 Q%cos(9Q) 1 [1 + SCOS(QQ)] +34 {i [1 + SCOS(QQ)]} — B = zero
D D D &b &D
2
—Q? cos(9Q) + 14 cos(@Q) 3402 1 cos(@Q) 34Q2 200 cos (@Q) + :Az 64 cos(9Q) +34°5% (Z(DQ) — B = zero
D &b D eD D &“D &D D D
_ cos (Q)Q) N2 _ 21 64 cos(9Q) 1 34
(34 — 34Q%) <=2 (1 Q% -34Q° =+ SD) LD+ =+ 22— B = zero
34 34Q%\ cos?(0Q) 1 0% 340% 1 64 \ cos(9Q) 1 34 eDB _
(3A 34 ) D2 (3A 34 34 eD 3A£D) D + 34eD = 3Ae2D2  eD3A zero

DK _ &DG omg __
mOL2 myGMgeD

eDB =

2 2 2 1 1
a Q)cos((bQ) (——Q——Q—+—)M+—+ 1 = zero
34 3A €D D D 34¢ €2D2  eD3A
(1- ) cos (Q)Q) (_ et @ " i) cos(@Q) " 1 Zero QZ 1+%
34 3A &D &b D £2p2 - 1+%

1+12A Z(Q)Q) 1 1 1+12A 1 1+12A 2 (Q)Q) 1
cos cos
1-(—2 -l 5| =& )+5 + Loz T Zero
1+ D2 34 34 1+_D eD \ 1482 eD D £2p?
£

&D
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[1 LA 12A)00s*(00) [L( 6A

Liral2y L 1oy 2y o0, L oty

eD eD D? 34 D) 34 eD ) eD eD eD D £2D? eD
6A cos? 1 2 1 4 12A 2 12A 1 1 6A
_SAe0) (1,2 141 124 2 120)00s60) LA
eD D2 34 eD 3A €D e2p2 ' eD = £2p2 D £2Dp%2 ' g2D2%¢D
6A cos? 1 1
A0 | (L 1)cso0) LA
eD D2 eD D £2D%2  g2D2%¢D
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1
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D eD cos(0Q)
.. . . 1 .
For hyperbole eccentricity (¢) is defined as € = p where (@) is the angle of the asymptote.
Advance of the Periellium Q<1
— ! vr2 I v2 ’
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v2 vi2
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2 12
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In this second variant relativistic kinetic energy is smaller than inertial energy ot =
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1+‘::—2
advance of Mercury's perihelion. The planet really is lighter due to movement.
d av
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dE =3 mev.a movr.ar k . =3 medr k .
_k=F,.\_;’= 02 = 0 3=——TV’ F’: 0 3:——7‘
dt v H r? E r?
l—c—z V,Z 2 vI2\2
<1+C—2) (1+C_2)
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VI2\2 datr dtr dtr dtr datr r
(1+%)
C
= dr do d?g\ = dLrs d ao dr do dzp
F’@=(2—— r—)(z)=zero —=—(r2—)— —— 4+ 12— = zero
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(1-34 )(d®2+3)=3 28.21

(1—3A) (1—3A )——B_zero
2
ZTVZV— 3Ad—wl+—— 3A——B = zero
d?w d?w
T 3AWW+W—3AW2 — B = zero
W +w - 3AWW 3AW — B = zero 2822
_1_1 dw _ —Qsen(9Q) d’w _ —Q%cos(9Q)

=i [1+ ecos(Q)] ag D ag? D

cos(@ cos(Q 2
# D —[1 + gcos(0Q)] — # [1+ ecos(®Q)] — 34 {— [1+ scos((Z)Q)]} — B = zero

2
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( 34 SA) D2 (3A 34 + 34 eD 3A£D) D + sazp 34 202 3a 2670
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@ D D2 + (3A 34 Q D) D + 34eD  e2p2  ep3a 2670
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cos (Q)Q) _ 1 Q_Z_ 21 2 cos(Q)Q)_ 1 1 1
(1-Q) = ( 34 + 34 Q + sD) D 3AeD + £2D2 + ep3a _ Z€T0
(11— (L Ly & galy 2)os0O 1 yorp @2=1 s 28.23
34 ' 34 &D D £2p2 1— ED :

1 11 12a 1 (1 124 2 Q) 1

. D cos

- = gg - L4+ = + 55 = zero

34 34 eD \ 1-%2 eD D £2p2
“eD eD

(e
&b
(1-5-1+ ) 52+ [ (1-8) +5(-5) -5 (-2 + 5 (- D=5 + 5 (1= 5) = zero
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2
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D2 D eD  £2p2
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cos(Q)Q) 1£]1- 4'6A(£D gZDZ)
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14 [1— 24A+144A2
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cos@@) _ 1+(1-%5)
D 124

cos(9Q) _ 1_1+% _1

D 124 &D
co (8Q) 1
—_— = &£ — = zero 28.24
D &D cos(8Q)
. . . 1 .
For hyperbole eccentricity (¢) is defined as € = ) 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) = eD _a(1-¢2) _ 5(1-082)
ellipses are described by the equation r =r(t) = =~ = " == 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.

29 Yukawa Potential Energy

Newton's gravitational potential energy Epy

= —Fp _ _k _ 45 _ k
F = —Ff Epn = —- F=—2=2 k>zero
F=_%pa_ ks
F= o=z
Yukawa potential energy Ey
e @’ —1,-ar
Epy = —k —= —kr~'e k>zero a = zero 29.01
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Potential Core EnergyEy

e—ar

Breaking apart Ejy = —k — we get:
Ey = —ke;ar = (— ]f) (e%) = EpnCy Cr = k>zero
a=zero > Cy=1-Ey=Eyy r = oo - Ey = zero
dE d dr dr
p —1,—ar -1-1 —ar -1),—ar
N
dr dr( et (=Dr arl € (e Aar
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dE, d ( ke‘ar) (k e ? 4 ke‘ar)
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F= —%"? =k (e;z + ae_r )? Attractive force
m3 = mya mgy dv
2 /1_Z_§ dt
r =0 mea’ mgy dv7
Fr=ma = vi2 VIZE
1+C—2 —5
First variant.
_ me d_V _ e—ar e~ary
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2 (,drdo d*g\ = _
Fg = (2 aa " dtz) @ = zero
Fo= (8] k(a2
F, = VZ[dtZ ) |1T= k Zta 7
c2
d_zr_ (@>2 _ k (e—ar e—ar> 1 _ﬁ
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§ 29 Yukawa Potential Energy “Continuation”
Newton's gravitational potential energy Epy
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cz /) atr dtr c2

Bo= [T = [ (0 ar

v2 12\3
1_cz (1+v;_2)
=3 5> mgvdv movrdvs e™d e”d
dE, = F'.d7 = = =———=—-k(—+a—)dr 28.17
k ) o r2 r
- (1+%>2
C
v2 mec? e—ar
Ex=-my? [1-S=—-2==— (—k ) + constante 28.18
C V,z r
1+C—2
VZ e—ar
Er = —m,c? ’1—C—2—k - = —m,c? 28.18
mec2 e @ 1 kK emar\3 e—ar\3
Ep=—0 k< = _m,c? ——=(1-5 ) =(1-4 ) 28.19
)2 r N> mec? 1 r
vrI<\2
1+— (1 C—z)
1 e—ary3 k
:=(1-4") _ 28.19
25 r mec
()
14+
2
[
d Idv,
dE 2 dai _ MoVgr  mgv at’ K e—ar e @\ dr Kk e~ar e 3N ., df
der o 2 v ER r2 r Jdt! 2 ra "6
1-—= [1-— 12\2
c2 c2 <1+V_)
c2
—d _, dvr
dE, =, MoV MmoVi—— e—ar emary . _,
k=FV L = de. = —k a a4
atr v r2
1-= v'?\2
14—
()
dE SN mev.a moVr.ar e~ar eTany .
Bk _ pry = He¥3 _ Mo 3=—k(2 a )rv' 28.20
dt (1__) 205 r r
¢ 145+
()
= medr ear eary
F':%:—k( —+a )r 28.20
vIZ 2 r r
(+%)
>, me d?r dn\?] .. dr d¢ d?g\ = e~ar e7an
Fr=—2—l—-r(—) |T+(2——+T1—)0i = —k(—+a 7
VI2\Z datr dtr dtr dtr datr r r
(1+C—2)
> dr do dzg\ = dLr d do dr do d?%p
F’5=(2——+r )Q)zzero —=—(r2—)=2r——+r2—=zero
dtr dt dtr2 der  dtr dt dt dtr dtr2
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wr2vz Lat? dtr r2
(1+C—2)
me [d?r r(dQ))Z k( +a —af)
vz % dtr? dtr - 2 r
(1+C—2>
g _ L dr _ o ,dw d?r _ -L"?d%w
dtr  r2 dtr e a2~ r2 dp?
1 R r(u)z _k (e—ar+ae—ar>
vz % r2 dp? r? T omp\ 12 r
(+&)
z
C
1 L'z q2 (L,)Z k (e—ar e—ar)
r =— 2
o2 2| r? ag? r? mo \ r?
(1+—2)
c

3[r2 gp2 " 3 2 -
()

1 d?w 1] _ ko (e e~ar _k
(1 V,2>% [W-i—;] - moL’zr ( r2 ta r ) B = molL'2

=

[

1 d?w e~ar k
— (G +7) =B (e =i
(1+C—2)

1 e —2ar e—3ar
R

14\ 2
<1+C—2)
2 3ar
3425 35— = zero A=
r meyc
—ar 2 —ar
(1—3Ae )(d—w+l)=3r2( +a*) 28.21
r dp? 2
—a. —ar

(-2 - (s
d?w d?we™2 _ 5 (ear e—ar
W_gAdQ) Br(rz +ar)

2 —ar
ZT‘;V - ZQW Z = Be ™" 4+ raBe™
d?w 1 d?w e~ar 1 e”ar Lar —ar _1

ap? r ae? r?2 = r? 34 r3 =B r +aBe w=s

2 2
ZTVZVW - 3AZTV2Ve‘arW2 +w? —34e7 w3 = Be™¥w + aBe™?

2 2
Sw Hw? = 345267 w2 + 34e7"w? + Be " + aBe™™

2 2
ZTVZVW +w?2=e (SA ZT‘ZWZ + 34Aw3 + Bw + aB) 28.22

. . . . 2 . .
w =%=xe‘¢+ye“¢ Z—Z= ixe® — jye~® ZT‘Z= —xe® — ye~i® i=+v-1
. . . . . LN 2 dZW

(—xe® —ye ®)(xe® + ye™®) + (xe® + ye™?)" = 3AdT¢)2W + 34Aw® + Bw + aB

(—xe® — ye~®)(xei® + ye®) = [(—xe®)(xe®) + (—xe®)(ye ) + (—ye~®)(xe®) + (—ye~?)(ye~®)]
= (—x%e® — xy — yx — y?e~2?) = —(x2e2® 4 2xy + y2e~29) = —(xel® + ye—w)z

159/212



2

. . . . d*w
—(xe™ + ye“q))2 + (xe® + ye“q))2 =e <3A 107 w? + 34w3 + Bw + aB)

d*w
zero = e3¢ (3AWWZ + 3Aw® + Bw + aB>

2

3Adw 2434w + Bw+aB =
d(Z)ZW w w ab = Zero

34(—xe® — ye™®)(xe®® + ye‘w))2 + 3A(xe® + ye_w))3 + B(xe® + ye™®) + aB = zero
34(—xe® — ye™®)(xe® + ye“'q))2 = —3A(xe™ + ye ?)(xe™ + ye“'q))2 = —34(xe™ + ye“'q))3
—3A(xe® + ye""”)3 + 3A(xe® + ye‘w))3 + B(xe® + ye™®) + aB = zero

B(xe® + ye ) + aB = zero xe® + ye~® + a = zero

1 . .
w=-—=xe®+ye"®=-a
r
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§ 30 Energy

In §28 simplified calculation of the perihelion retraction we obtain:
Ek _ fmowd,\;/ _ f mavdvE _ f_rkzdr dEk _ Fz dit = mowd’\;l _ movdvE _ _%dr 28.08
) Mgy
_ 2 vi2 _ mec? _k 2 vi2  k _ 2
Ex = myc 1+C—2—\/z—;+constant Er = m,c 1+C—2—;—m0c 28.09
2
_ mec? k 2 1 k 1)\3 _ 13
Bp = 25— = moc Vz%_(l = ) =(1+43) 28.10
e (=)
2
In this first variant relativistic kinetic energy is greater than inertial energy ToC = > m,c?. This causes
Mercury's perihelion to recede. The planet seems heavier due to the movement.
Ek — fn:/ovrd’\;l _ movdv3 — f—%dr 28.08
()
v/ T\ movdv _ cr _5
Ek = fv’zzer \/E - fvzzer 2 % - fr:m r2 dI'
e (%)
v
12 v 2 KIT
Ex = m,c? 1+VC—2 = ot =
v =zer 1_‘;_2 r=e
V=zer
/2 2 2 2
By = moc? [1422 - myc? [1 4 G0 mod __moc? _k_k
c [ V2 \/1_(zer0)2 r ©
2 2
v'? mgc? k vi2 mgc?
Ex = myc?® |1+ - —myc? = == —m,c* =~ m,c? /1+—22m0c2 e > m,c’ 30.1
C 1_:_2 r C 1_:_2
Defining potential energy as Ep = —%; 30.2
2 2
And applying in 1 we have E, = myc? |1+ VC—Z —myc? = 2= —m,c? = —E, 30.3
In 3 we have the energy conservation principle written as E, + E, = zero 30.4
2 2
With 3 the kinetic energy equal to E, = m,c? /1 + VC—Z —myc? = % — m,c? 30.5
n 3 the lowest energy of the system is the inertial energy of rest Ey = m,c? 30.6
. . v'? mgc?
In 3 the highest energy of the system is E=myc? |1+ == \/z 30.7
2
2 /2 2
Now defining p = 22= = m,v' vp = °V2 =myvv' T' = myc? |1+ VC—Z T = —m,c? ’1 - Z—z 30.8
z -z
2 2
And knowing that E=cymic? +p2 =25 =2 4 mc? [1- :—2 =vp—T 30.9
E=cp 30.10

Ifin9 m, =zero So
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Applying 8 and 9 in 7 we obtain the greatest energy of the written system as:
E=c¢/mjc2+p2=T =vp—T This we have vp=T'+T 30.7b

With 8 and 9 we can write 3 in the form:

12 2 2
Ex = myc? ’1+VC—2—m0c2=\/n[%+moc2 /1—Z—z—m0c2=—Ep 30.3b
s

Ex=T —E,=vp—T—E, = -E, 30.3¢
From 3c we can define the resting inertial energy E; = m, € E; = m,, in the form:
Eo = T'+ E, = m,c? and Ey =vp—T+E, = m,c®. 30.11
Defining Lagrangean as L=T-E, = —myc? [1— ‘C'—z +lf 30.12
. . d (L) _ oL .
This Lagrangian meetsa (5) = according to §24.
So from 11 temos: Ey = T' + E, = myc? and Ey, = vp — L = m,c? 30.13
In §28 simplified calculation of perihelion advance we obtain:
B = [ B = fmovdy _ fXr dE; = F.df = B = 2oV = _ S gy 28.17
R () (e
2 v2 mgc? k 2 vZ k 2
Ex = —m,c 1—C—2=——,2=;+constant Er = —m,cC 1—C—2—;=—moc 28.18
145
_ mec? k. 2 1 k 1\3 13
ER—_—’Z_;—_mOC Vlzg_(l_mocﬁ) _(1_A;) 28.19
1+VC—2 (1+c_2>
moc2

In this second variant relativistic kinetic energy is smaller than inertial energy =< m,c2. This causes the
v

c2
advance of Mercury's perihelion. The planet really is lighter due to movement.

_ mgvdv _ ~ mgvrdvr k
Be=[Tm=l—" 5= -gd 28.17
cE ey
C
(v movdv v/ mgovidvr _ er k
Ex = J‘v:zer vz J‘v’=zero R J‘r:oo r2 dr
1——2 \4 2
c 1+C—2>
\'"4
v
2 v2 mgc? Kk|*
Ex = —myc® (1 —— = = =-
¢ 1422 Ilr=co
v=zer 7|,
v/ =zero
v2 (zero)? mgc? mgc? k k
Ex=-myc? [1 -5 —|-myc® [1 ———|=—"—=—-| —— =-—=
c c 2 (zero)? r o
v/ 1+ Vi
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2 2
\% m,C k
Ex = —myc? [1——=+m,c? = ———=+myc* =~
C v'2 r
1+ oz

2 2 2 2
Ex = myc?—m,c? ’1 —Z—z =myc? — === 1;( myc? = myc? [1— Z—z myc? > 2=
12 12
1+VC—2 1+Vc—2
. — : k.

Where applying 2 the definition of potential energy E, = -

2 2
We get Ex = myc2—m,c? /1 - Z—z =myc? — == == -E,

1+VC—2
In 15 we have the principle of conservation of energy written as Ex + E, = zero.
Being 15 the kinetic energy equal to:
v2 mgc?
Ex = myc?—m,c? ’1 — = =myc? - =
C 2

1+"C—2

In 15 the biggest energy of the system is the inertial energy of rest Eo = myc?
2 2
At 15 the lowest energy in the system is E'=myc? [1-5 ==
12
1oy
Now defining p' = LVZ =myv v'p =2 = = m,v'v
145 14
2 12 2
And knowing that E'=cymicZ—p?=-"10_=—-12_4mc? |1+ VC—Z =—v'p +T
v /2
1+C_2 1+‘L—2

If in 20 m, = zero so E' = icp’
Proving 20:

;o Mmoc” \/T
E'= — = ¢ympc —p't =
1+C—2
E’ moc? = cym2c2 —p’2 =
- VIZ_ 0 pe=
Z
2
E' = 21 Y-
=m,C -5 =c
C

Applying 8, 19 and 20 to 18 results in the lowest energy of the written system as:

E'=c/mjc2—p2=-T=—-vp +T This we have vp =T +T
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With 19 and 20 we can write 15 in the form:

/ v?2 mgovr? V2

Ek = mOCZ—moCZ 1 T2 = moCZ + = — I’I’loC2 1+ = = —Ep
/1+C—2

Ek=E0+T=E0+V'p’—T’=_Ep

From 15c we can define the resting inertial energy E; = m, e E, = m, in the form:

Ey = —T — E, = m,c? and Eo = —v'p' + T' —E, = myc?.
/2
Defining Lagrangean as L' =T —E, = m,c? 1+ ‘L_Z +§
. . d [oLs aLr .
This Lagrangian meets o (5) = - Pprova no final.
EO = _T - Ep = mOCZ E[,) = —V’p’ + L’ = mocz
Rewriting 11 e 22:
Eo = T' + E, = myc? and Ey =vp —T+E, = myc®.
Ey = —T — E, = m,c? and Eo = —v'p' + T' —E, = myc?.

Equating E, of 11 with E, of 22 we have:

Ey=vp—T+E, = -T —E, = m,c?

This we get vp = —2E, —E, = v _1

Matching —E, = ? the kinetic energy of 3b we have:

12 2
v v
Ex =myc? 1+ =~ myc? =

In 3d we should have:

2 2 2
mgVv A% 1 myv
°— + myc? [1 - —myc? =22
v2 c2 2 v2
1-% 1-2
C

2 2
v v 1
myv? + m,c? (1 - C—z) — m,c? = 2

1 2 2 2V 2 v
ZMeVe +mee” —mec” 5 — meC 1—C—2=zero

1 v2
Emov2 + myc? —myv? —myc? |1 — = = Zero

2 2
2 _1c” 2 _ 2 _r _
m,C Sz MoV™ — mgC 1 = = zero

2 2
2(1 1Y) _ 2 (1Y _
m,C (1 3 C2> m,C ’1 = = zero

2
The approximation(l — %‘C’—z) = /1 — :—2is the cause of Mercury's perihelion setback.
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30.15¢

30.22

30.23

30.24

30.11

30.22

30.25

30.3d



2
m,c2 /1 - ‘C'—j — m,c? /1 - ‘C'—j =zero  Result that proves that E; = % m(,sz.
NEr

Equating E; of 11 with E; of 22 we have:

Eo =T +E, =—v'p' +T' — E, = m,c?

This we get v'p' = —2E, _E, = VP 1 mov? 30.26

Matching—E,, = % the kinetic energy of 15b we have:
Ey = myc2—myc? |1 — % = myc? + Mo 2 1 4% = _p, = YB _ 1mov? 30.15d
k = MyC"—m,C —C—z—moc +E—moc +C—2——p— > _E = .

A CZ

In 15d we should have:

2, movr? 2 vi? 1 movi?
myc” + —myc |[1+—5 ==
vi2 c? 2 2
1+—- v/
c 1+C—2
2 1 mgyv 2 12
myc” + = myc” [1+ — = zero
[

2 vi? o1 ) 2 v'?
m,cC 1+C—2+Emov —m,C <1+C—2) = Zero
2 VIZ 1 12 2 12
m,cC 1+—2+Emov —myC* —myV' = Zero
C

12 2
2 v 2 1 C 12
m,C 1 — — mMy,C" ——IM,—=V = Zero
o + c2 o 2 Oc2

12 2
\ 1vr
myc? |1+ — — m,c? (1 + Ec_z) = zero

12 i . . .
The approximation(l + %‘L—z) = 1+ ‘2—22 is the cause of the advance of Mercury's perihelion.
2 v’ 2 v’ 1 movr?
m,C /1 +7 —mgC /1 + - = zero Result that proves that E, = E\/E
c2
From 25 and 26 results vp =v'p’ 30.27
Applying 25 in E, of 22:
_ _ vp _ vZ 1 mgv? _ mgc? 2v? v?
Eo=-T-Ep=-T+2=me? [1-5+1 e =T = (1-25+25) 30.28
ez ez
2 2 2 2
Eo=-T—E,=-T+2=0 (1- )=t 3-8 = mc? 30.28
Applying 25 in E, of 11:
Eo=vp-T+E, = 2% -T- ? =-T+ ? Result already obtained on 28.
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Applying 26 in Ej of 11

, , , v'p' 2 vii o1 mav'2 mgc? P
Bp=T +Ey =T -2 =myc2[1+5 -1 = 142 - 30.29
2 c 2 )2 )2 2c 2c
v v
1+c—2 1+c—2
v'p’ mgc? v’ mgc? v'?
E{,=T’+Ep=T’——=—<1+—2)E 1+% = myc? 30.29
2 2 2¢ 2 c
v/ v/
1+C—2 1+C—2

The approximation that exists in 28 and 29 is the cause of the advance and setback of Mercury's perihelion.

Applying 26 in E; of 22

Ey=—v'p +T —E, = -2+ T + % =T — Vzp Result already obtained on 29.
Aoy _ou T _E —mec? [14 4K
Proof that du(ax')_ o L'=T —Ep =myc” [1+—5+-

1o d (oL _ olr 419 / v [ 2 9 (K
Fx_dtl(ﬁx'/)_ax FX_dtl[ﬁx’l( 1+ )]_6x(r)

v = ;1; VX2 +y2 422 ds = |ds| = /dx2 + dy? + dz? r’ =x%+y?+z?%

d (k a —_pOr 1x X oar X

Fy =+ (5) = ko= (1) = k(-Dr171=2 28 = k2% = kX r=x

X ax\r 6x( ) =1 ax r2r 3 ax r
F =P i+ P+ F k= kXi-kij—kik=-—S(xi+yj+2k) = —<F=—=¢ =19.01

—Tx y) z™ 3 r3] BT 3 Y) - 3T 2 :

1 1

NN N Y " viZz) m.c2l (1 " wz)f_l:_fz vV movi dv/

Px = 50 | Mo ez | T c? 2o [ _viZow
1+
C

avr ] ( ,2 2 ,2) 12 a2 eranim1=—i 0% X X/
—=—(4/x Z ——x 7'%)z 22X — = —=———===
oxr  9xs ty* 4 &=+ yo ) oxr  x2+y'2+z'2 v

_ MoV dvr_ moV/ X1 meX/

a
—(myc? |1 = = - =
= ( o +3 > VIZ 0%/ vIZ 1 viZ
1+— 1+—2 1+—2
C C

2
> 2 l_lz_l vidv/
d v 1 vre\2 2 5 vrdvr 2du 1 v dvr
— 1+— =—(1+—) Vv Zdw _ 1 V'
dtr c? 2 c2 c2 dur vI2 V2 2 dvr
1+C—2 1+—

c2

Fo=%px_ 4| mek | mo o[y + vz _ ¥ —L v dv
X dtr dtr vi2 14772 c2 vi2 c2 dtr
1+ c2 1+C—2

dprx d [ mexs m, " vr2 s v dvr
Fy = = = X(1+—)—%X =
X dv  du \/1+v!2 w2 3 c2 2 du
c2 (1+_c2 )

F=Fi+Fj+Fk

Pt (122) - [ (14 2) -y 22+ v (14 2) - 28]
1+
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B Mo fr (14 20) 1o ey g (14 20) o g ey (14 ) R )
F' = E{X(l"'c =X ,1+y 1+C2] chdt,]+Z 1+C2 k Z 3w

F=—t {(1 + "C—;) i +y7+2k)i— (X +7i+2k) S d"'}

c2 dtr

= m vi2\ dvr  vrdvr o,
Fem (o))
3 + c2/dtr ¢ dtu

§30 Energy Continuation Clarifications

With 3d, 6, and 9 we get:

mgc? 2 mgVv

Ex =E—-Ey=———m," =—+myc 1—-Z—myc® = = =,VP
l—c—z l—c—z l—c—z
i . V2 4E]2(
This we get: Z = 2
That applied in 8 results: = L E =<./p2—m2v?
p k p 0
- 4Eﬁ 2
Zp2
1
If at 32 m, = zero then: E,=2=Zypov=c
o k 2 2 p

For a particle with velocity c = Ay and zero resting mass m, = zero we have:
h
E = hy p=3
Applying ¢ = Ay and 34 in 33 results:
% _2Avh_vyh =y
Ek_z T2 2 = Ex = 2
From 34 and 35 we have:
E = 2Ek
Applying 36 in 30 we have:
Ex = E—Eo - By = 2B —Eg > Bg = B ==

Applying E, = m,c? in 37 we obtain:

o= 5= = et m ==
With 33 and 38 we get:
Ek=c7p=moc2 - p=2myc
Clarifications
From 30 and 8 we have E, = % m"‘:; = %Vp, E= moczz, Eo = moc?, p = 22t

\%
1—C—2 1—C—2

Let's apply 40 in energy conservation E, = E — E,

_ 1 mev? _ mgc? 1 2 2 v2
Ek—E—EOﬁE—VZ——VZ—EOﬁEmOV = mg,C _EO 1—C—2
1__

1_—
c2 c2

1
c

N
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30.30

30.31

30.32

30.33

30.34

30.35

30.36

30.37

30.38

30.39

30.40

30.41

30.42



Doing at 42 m, = zero we get:

1 _ 2 _ _ 2 V2 V2 _
E(m0 = zero)v* = (m, = zero)c* — E; |1 — =~ —Eo |1 -5 =zero 30.43

Ifin 43 E, = zero » —(E, = zero) |1 — ‘C'—j = zero without any desirable results.

2
Now if in 43 E, # zero » —(E, # zero) |1 —Z—z= Z€ero —>Z—2= 1-v=c 30.44

In 44 we get v = c regardless of the value of E, # zero.

. Mg 2Ex _ E _Pp

Of 40 we get: 1—Z§ == =T, 30.45
L v? _ 2B _ 4Ei _ c?p?

Of 45 we get: 5 = — = ap? = B2 30.46

2
But :—2 =1 of 44 was obtained from the conservation of energy E, = E — E; when m, = zero and E; # zero

. 2 2E 4E% 2p2
soin 46 we should have = = =k = "7k — 2P g 30.47
c2 E C2p2 E2

When we have m, = zero, v = c and E; # zero out of 47 we get

2
== ZEﬂ =1-E=2E, equalto36 30.48
2
‘c’_2= :2?2 =1-E=- equalto33 30.49
v2 c2p?
=7z =1->E=cp equalto10 30.50

Applying 9 and 32 to the energy conservation equation E, = E — E, we obtain:

Ex=E-E; - E\/pz—mgvz = cym3c? + pz — E, 30.51

In 51 doing m, = zero we get:

g\/p2 — (m2 = zero)v2 = ¢/ (m? = zero)c? + p2 —E, - E, = % =Eyx equalto 37 30.52
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§31 Quantum mechanics deduction of Erwin Schrédinger's equations

Let's start with the equation 8.5:

a  x/td

ax 2o zero 8.5
o  xto _0  co _0 10 _ _*
ax = c2at 6x+c2 at 6x+c6t zero ¢ t 31.1
a 19
a-l'za—Ze‘rO 312
The variables involved will be:
h 21
c=y P=7 E=hy K=7 w = 2my 31.3
h h h w h
p—z—¥—§K—flK E=hy=h_=ho h=_— 314
p = hK E = hw E=cp K=% w=cK 31.5
Function construction ¥:
c=y =§—>§=yt —>§—yt = zero — i2n(§—yt) = i(%nx—Znyt) =i(Kx — wt) = zero 31.6
ellr=0n) — geero — 1 i =1 2= -1 317
Y= WY(x, t) = elkx-ov 31.8
Some derivatives of the function Y = ellKx—wb.
. 2 .
Z—\: = elKx-0D (—jy) = —jw¥ % = (—iw)(—iw)el®&*=oY = —42y
v . w5
E = —iw¥Y F = —w‘¥Y 31 9
I = eilx-wDig = Ky I _ ellr-anig ik = —K2y
dox ox2
v _ . [k A
dv =Zax + P gr = d(1) = zero — iIKWdx — iwW¥dt = zero S e & 1.13
ax at dt K dc ¢
Applying the function W in 2 we obtain:
v 19%
5 T o5 = zero 31.11
XL 1% kY — LiwW = zero K=2
ox c ot c c

Construction of the wave equation:

(6= 16)x(6_‘1’= 36_“’)_>62_‘P_162_‘P_>_K21p=_‘:_21p_>x=§ 31.12

ax  cat ox  cot ax2 2 at?

%y 1 9%w . .
Sz T gz T Zero Where we have ¥ = Y(x, t). This is the wave equation 31.13

Construction of the first Erwin Schrédinger equation using the wave equation:

%y 1 9%¥ 2y 1 2 %y 2

— —=—=2zer0 > — —=(—w*Y) = zero > — + K“¥Y = zero 31.14
d0x2 c? 9t2 dx2 c? ( ) 0x2 +

%y v  dv

— + K?*W¥ = zero ¥ =¥(x) —=— 31.15
9x2 ox dx
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2
4% L K2W = zero

dx?
n? a?v  n? n? a’v  w?
——+ —K*¥ = zero —————K?¥ = zero
2m dx 2m 2m dx 2m
h? d?w  h? h? d?y 2
“oma " KY = o o ¥ = 7ero p = hK

If at 30.4 we have Ej + E,(x) # zero then we can write E = Ej + E,(x) = hw.

Erwin Schrédinger adopted for energy E = % + E, (x) where we have E; = %-

pZ

Of 20 we get —om = E,(x) - E that applied in 18 results in:
h2 a2y p2 K2 d2y

“amae = “amaw T Ep ()~ E|¥ = zero

—h—zdz—w-i-E()‘P—E‘P In this we have: ¥ = ¥(x)
S B0V = is wi ve: ¥ = P(x

This 23 is Erwin Schrédinger's equation independent of time for single dimension.

Construction of the second Erwin Schrddinger equation using equations 14 and 11:

C o n . 2, n2o*w | n? o
Multiplying 14 by S aives — -+ me Y = zero
v | 19w v | oW . v . ow
Of 11 we get: —+-—=2zer0 > c—+—=zero — ciK¥Y +— = iw¥ + — = zero
ax  cot ax | ot at at

. oy .. ., 0¥ ., OW
iw¥ + o = zero - iiho¥ + lﬁ; = zero - —hwV¥ + lh; = zero

2 42 2
Adding24and25 = (224 K2W=zero)  + (—hw¥+ihI = zero)
2m dx 2m at

2 52 2
h—a—‘f—i- 2 g2y — how + in 2 = zero
2m dx 2m at

2 52 2
POy E Ry — how = —in e
2m 0x?  2m at

2
S0 Mgyt how = in 2
m Jat

h* o*w hAwW ZKZ‘P— ha
2m dx2 @ —"7%
n* 92y [ _ o 0¥ _ 2 _ p2p2
~ o+ (ho =S K?) W = ih T £ =ho pm =Rk
n? 9%y p L
“pmaa T (E-D) ¥ =%

From the energy of Erwin Schrédinger we obtain E = % +E,(x) > Ey(x) =E — %

Applying 31 out of 30 We get:

2 p2
L E,(x)¥ = ihi;—lf In this we have: ¥ = W(x, t)

2m 9x2

This 32 is Erwin Schrédinger's equation dependent on space and time.
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31.16

31.17

31.18

31.19

31.20

31.21

31.22

31.23

31.24

31.25

31.26

31.27

31.28

31.29

31.30

31.31

31.32



§31 Simple Quantum Mechanics Deduction of Erwin Schrédinger's Equations

From 30.8 and 30.3d we get:

p=—= 31.33

2 2 2
mgV 1 mgyv
E,. = =2—+m,c? |1 myc? =-—=2 31.34
k v2 ° c? ° 2 v2
1-= 1-=
C C

If in both equations in the % ratio the speed of light is considered to be infinite, then we will have C:Lm = zero
resulting in:

p =myv 31.35
myv? + myc? —myc? = %mov2 - Ey = %mov2 31.36

This is what happens in Quantum Mechanics, the speed of light has the character of being infinite and
2

therefore Erwin Schrddinger's energy equation E = E; + E,(x) where we have Ej =5—m presents perfect

results. We should note that at 36 the inertial energy m,c? also disappears.

Function construction Y:

C=§=§—>px=Et—>px—Et=zero—>%'(px—Et)=zero 31.37
erPX=ED) _ gzero _ i=+v-1 i2=-1 31.38
Y = Y(x,t) = enP*ED 31.39
Some derivatives of the function Y = enP*ED.

¥ _ pox-B) (_ip) _ i w_ i _ _how

= e ( hE)— LEW = —EY By =22 31.40
Y _ tox-E) (_ip\(_ip\— _1p2 W _ 1o 2y = _p20%Y

=i (—3E)(-+F) = -5 E*w = —SEW B2y = —p2 2 31.41
¥ _ sox-E0) (L) _ 1 v _ i _how

ax (hp) - hplp ax hplp p¥ = i ox 31.42
%% _ tx-E0) (L V(1 \_ _1 2y _ 1.9 2y — _p29?%

oz~ (hp) (hp) =PV o2 = P Y P =—hos 31.43

From the total differential of W we obtain:

oy ow . _ i i _ dx _E _ & _x
d‘l’—adx+§dt—d(1)—zero—>(hpll’)dx+( hE‘l’)dt-zero—»dt—p—c—>dt—lt 31.44

Applying the function W and its derivatives in E = cp and E? = ¢?p? we obtain 31.11 and 31.13:

how how ow v oY | 10¥ _
E‘P—Cp‘P—)—;;—C;a%—g—ca—>§+;;—zero =31.11 31.45
2y = 22y 2 W 2 (L2 00W) 0T p0% w197 =
B2 =2t » —p2 2l = c? (-2 2 0) 5 Ll = 220 5 20— 200 = e =3113  31.45b
2
Let's write Erwin Schrédinger's energy equation E = Ej, + E,(x) where we have E, = ;’—m:
_ _r p? _
E =Ey+E,(x) —%-I-Ep(x) —>%+Ep(x) =E 31.46
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In this we apply the function W and its derivatives:

4 _ 1 zaw
4 E,(0)¥ = E¥ - ( A )+E(x)‘¥ EY

72 92w _ 2y g’y
—Eﬁﬁ'Ep(X)lp—qu In this ¥ = ly(X) a——ﬁ

h* d*y

— LV E, ()Y = B

This is 49 is Erwin Schrddinger's equation independent of time for a single dimension.

2

Let's write Erwin Schrédinger's energy equation £ = Ej, + E,(x) again where we have E;, = ;’—m

2 2
E=E+E,(x) = -+ E,(x) > -+ E,(x) = E

In this we apply the function W and its derivatives:

[ _ 1 2a LY __ﬁa_‘l’
L E,0¥ = EY - (-2 2 0) + B, (0w = - 12
1 26 y ih 0¥ n? 92y hd
Zm( h )+E(x)lp _:Eq 2m62+E(x)Lp lh?
2 9%y hd i Y=
— o+ E, ()W = iR In this we have: ¥ = W(x, t)

This 53 is Erwin Schrédinger's equation dependent on space and time.
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31.48

31.49

31.50

31.51

31.52

31.53



§ 32 Relativistic Version of Erwin Schodinger Equation

A particle moving with velocity v along the x axis is associated with an infinite wave in the form:

W= P(x,t) = Aei® = AeiPXE) A = Constant 32.1

For a plane wave of constant phase @ = @(x,t) = px — Et = constant we obtain the velocity u of phase equal
to:
dx E

— Oy + P g = — pdx — Edt = S =2
d@—axdx+atdt—zero—>d®—pdx Edt—zer0—>u—dt—p u=- 32.2

The energy E, and the moment p being properties of a particle in motion with velocity v, and the frequency y
and wavelength A being properties of the wave motion associated with the particle. Louis De Broglie listed
these properties in the following equations

o 2 o 1

E=hy =725 p=hk=-—2 k== 32.3
From 3 we get the phase speed u:

_Y_E_¢
u=p=-=7 324
In 4 we have m, > zero because if my = zero then E = cp (30.10) and we would have:

—Y_E_
u=g = o= c 32.5
And in 4 the phase velocity would be u = cand not u = % 32.6
As m, > zero then v<c and in 4 we have u>c. 32.7
Ifat4 u= % the phase velocity then ¢ # % because if at 4 ¢ = ithen we would have:

2 2

y_E__® v_® oY
u_E_E_V_T_)E_T_)u_V_C_E' 328
And in 4 the phase velocity would be u = v =cand notu = % 32.9
From 4 we get the velocity v written as:
P G . 32.10

k p v E
Applying 10 in kinetic energy E, = %Vp = % m"‘fz we gettomy > zeroev<c:
ez
_ 1 _1 o] _ lczp2 _ lczp2

Bo=3vp =3 (P R)p =3 T 2 =3 a
When m, = zero then v = c and we have Ex = % (30.33) and E=cp (30.10).
Multiplying 30.33 by 30.10 we obtain:
ExE = Lcp o Ey = 252 32.12

kb = —Cp k=37g -

2,2
And we have 11 equal to 12 demonstrating that the equation E; = %% is ambivalent and has general
validity for my > zero and v < c.

We know from mathematics that the group velocity v, is given by: v, = % 32.13
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From 3 we get the speed in the form:

mgc? v? V2 m3ct m?c*
E=hy=—vz—>(hy)z(l—c—z)=m§c4—>c—2=l—hzoyz sv=c ’1—}12"7 32.14

s

In 14 we have the particle velocity only as a function of the frequency v = v(y).

Deriving the velocity of 14 in relation to the frequency we obtain:

v2 —1_ mgct v —1_ m3ct o wdv m%c? (=2)y2 > dv _ c (méc‘*)

c2 h2y2 c2 h2 c2dy h2 dy v \h2y3

ﬂzﬁ(méc“) =z(m5°‘*) = Mgt | dv_ mjct 32.15
dy v \h2y3 k \h2y3 h2ky? dy  h2ky? ’

Deriving the velocity v from 10 in relation to the frequency and considering that k is a function of the
frequency k = k(y) we obtain:

22 =c%ky > -2 [j—l;y‘l + k(—l)y_l_l] = ¢? (l% - L) ST 2 (3%— 5) 32.16

2Db
v=c‘==c =
E dy ydy v? dy ydy v?

< I=

We should have 15 equals 16 so:

dv _ mic* (1 dk k) m3c2 _1dk  k  m3c® _dk k L m3c? |k
dy ~ h2ky2 =~ \ydy ¥2/ h%ky? ydy 2 h%ky dy y dy hZky vy
EZ
dk _ mgc? |k dk _ m3c? | hZkk _ m%c2+h2k? _ m3c2+p? _<Z _1E
dy h2ky vy dy  h2ky  h2ky h2ky Ep Ep c2p
dk 1E 1 dy
—_—=—_——_—=-Vy, =—=V >V, =V 217
dy c%2p v & dk g 3

And at 17 we have the group velocity v, equal to the velocity v of the particle.

From 30.9 we obtain:

2
E=c,/m§c2+p2—>§—2=p2+mgc2 32.18

Applying 3 out of 18 and deriving the frequency y with respect to k we obtain:

E2 2 2.2 _ b%? 21,2 2.2 _ h%, dy 2 dy 2K

== mgc® - —— = h°k mgc? » —=2y— = h?2k > —=c*- 2.1

2= P +my 2 +my 2 “Y 4 dk v 32.19
dy 2k

V,=—=C-=V-oV,=V 32.20

g dk v g

And in 20 we have the group velocity v, equal to the velocity v of the particle.

The equation E = E, + E, = % + E, by Erwin Schodinger of Quantum Mechanics equals the total energy E
with the sum of the kinetic energy E; with the potential energy E, functions, to proceed with this recipe it is
necessary to name some functions.

The name of kinetic energy in relativity should only be attributed to differences between energies, the best
examples are:

2
E = 2= —m,c? =E — E, 32.21
2
E, = myc? — 2= == E,— E' 32.22
1+

174/212



Writing 30.3:

vi2
Ex =myc? [1+ == myc? = —m,c® = —E, 30.3

In this denominating T, the kinetic energy:

T, = myc? [1+ %2 —mgc? 32.23

And it remains as kinetic energy the term Ey = m"cvzz — m,c? 32.21
-z

In 30.3 we have the exact result: Tp = Ex 32.24

The result is exact because applying \/Tz—j\/ﬁg = 1 in either one we get the other.

And we have 30.3 written as: Ty = Ex = —E, 32.25

Writing 30.15:

Ex = myc? — / = m,cC _ch__Ep 30.15
145

In this denominating the kinetic energies:

T, = myc? —myc? |1 —:—z and E;, = myc? — m"CZZ 32.26
At 30.15 we have the exact result: T, = E;, 32.27
The result is accurate because applyin J:J: = 1 in either one we get the other.

And we have 30.15 written as: Ty = E, = —E, 32.28

From the kinetic energy 21 we obtain:

mgc? myv? v2
Ey = == —m,c* = ==+ myc? |1 - —m,c? 32.29
1-2 1—‘C’—2 ¢

c2

2 2
vp = 2= = | & — m,c? —i—(mocz—moc2 ’1—Z—z>=Ek+Tk—>vp=Ek+Tk 32.30
1—:—2 1—‘C’—2
_ mov? _ mgc? 2 vZ _
Vp = — = = — M, C 1—C—2—E+T—>vp—E+T 32.31
1% 1%
In this vp is the difference between the highest and lowest energy. Therefore, the average kinetic energy
2
Ey = %Vp = % m"‘;z is the average energy of the difference between the highest and the lowest energy.

c2
From the kinetic energy 22 we obtain:

12 2

32.32
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1.1 moV’2 2 V’Z 2 2 mocz ’ ’ 11 ’ ’
vp' = == | mC 1+C2 myc” | + | myc? — - =T, +E,-»Vvp =T, +E, 32.33
v/ v/
1+—C2 1+_c2
7 mov/ 2 VIZ moC2 1 1 11 ’ I
vp = =mec” |1+ —5— =T —E ->vp =T —-E 32.34
v'? ¢ v/?
ez ez

In this v'p’ it is the difference between the highest and lowest energy. Therefore, the average kinetic energy
r_ 1 g 1 movr?
Be=sve =3 7

c2

is the average energy of the difference between the highest and the lowest energy.

Comparing 30 with 33 we see that all terms in the sequence are exactly the same so we have:
vp =v'p’ Ex =T, Ty = Ej, 32.35
Comparing 31 with 34 we see that all terms in the sequence are exactly the same so we have:
vp =v'p’ E=T T=-E 32.36

The energies E, and Ty are related by:

2 mgc?-mgc? |1 v
mgC ot —Ho T2 T
Ex=—"=-myc?=—F++—% Ep = == 32.37
2 o 2 2
L L L
c2 c2 c2

/2
2 v__ 2
mocz mgoc® |1+ P mgC , T,:
_ E, 32.38

From 25 and 28 we get:

Ex = —E, - Ex + E; = zero E, = —E, - E, + E;, = zero 32.39
Now naming the Hamiltonians H and H’ as:

H=E+E, H =E; +E, 32.40
The Hamiltonians being the total energy of the particle, which by hypothesis is not necessarily equal to zero.
Now we must also define the Lagrangian in terms of kinetic energy.

Now from 30 and 33 we get:

vp=Ex+ Ty > Ex =vp— Ty vp =Ty +E > E  =vp — Ty 32.41
Applying 41 out of 40 we get:

H=Ex+E, =vp—Tx +E, H =E, +E,=v'p =T, +E, 32.42

Defining Lagrangian as:

vZ k
L =Ty — E, = myc? — myc? 1-5+- 32.43
’ l 2 V'2 2 k
L'=T,—E, =m,c 1+c—2—moc +- 32.44
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Applying 43 and 44 to 42 we obtain the relationship between the Hamiltonians and Lagrangians:
H=vp—Tk+Ep=vp—(Tk—Ep)=Vp—L—>H=vp—L 32.45
H =vp —Tg +E, =v'p’ — (T — Ep) =vp -L->H=vp-L 32.46
Now to redefine the Hamiltonians let's add H and H’ to 40:

(H=Ex+E,)+ (H =E; +E,) > H+H =Eq+E; +2E, 32.47
Applying T, = E}, from 27 to 47 we obtain:

H+H =E +E,+2E, =E + T, +2E, > H+H =E + T, + 2E, 32.48
Applying 30 vp = E; + Ty in 48 we obtain:

H+H =E+ T, +2E, =vp+2E, > H+H =vp+2E, 32.49
Now defining the Hamiltonians according to 49:

H= %Vp +E, 32.50
H' =~v'p' +E, 32.51
These Hamiltonians are H = H’ invariants.

Adding 50 plus 51 we get:

1 .7

(H=2vp+E,)+ (W =1vp' +E,) > H+H = (vp+v'p) +2E, = vp + 2E, 32.52
And we get 52 = 49.
The Hamiltonian H = %vp + E, must agree with the Hamiltonian equation v = z—g.

0H J (1 10v 1_0p 10v 1
— va — —

= a"P) T 2P TV, =2 P 7Y 3254

Deriving the velocity of 10 v = c2 % we have
o) _ &

v _ 0 ( 2P\ _ 20 -1y _ 29p o1 2 2, p-1-1=—29E
= (c )—cap(pE )_CapE +cp pE

E dp E dp E dp

v __ 2 p-1-1=—20E _¢ _ 2P OE

- C pE w5 S = 32.55
Now deriving E with respect to p in 18 we get:

9 (E? 2 2 2) 2E 9E E 9E 9E 2P

—_ — = —_—_——= —_—_—= _— _=

ap (Cz p° + mgc Zop 2p - 2 op p- 7 L=V 32.56

Applying 55 and 56 out of 54 we obtain:

dp  20p

2

E_C EZop

OH 1o0v 1 1<c2 , D 6E> 1 [ ,p
_ y= p _
2

OH 1[c? zp() +1 _1c? 1 ,p? +1 1 1v? +1
ap 2|E SRV PV T2 EP T2 RV TV TV eV Y
oH 1 1v2 +1 3 1v? _o(1 1v?
ap 27 22 VTV T\ T2
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oH 1v2\

%—V(l—zc—z)—v 3257
2

In 57 we consider the term %Z—z = zero or we could consider that the speed of light has the character of being

1 v

2 (c=00)?

infinite in Quantum Mechanics (QM) = zero.

Applying the formula 10 of the velocity v = ¢ % to the Hamiltonian of 50 we obtain:

2

=1 =1(c22 =1 =12 32.58
H=Ivp+E,=2(c2E)p+E, =3 +E, > H ="+, .

Csz
E -

And at 58 we have the ambivalent kinetic energy of 11 E, = %

From 58 we get the value of p:

1c2

p= i_lzg(H - Ep) = \]CEZ “locvzz (H - Ep) = \] Zmzz (H - Ep) 32.59

2mg

jm%(H—Ep) = [2m,(H~E,) > p= [2m,(H~E,) 32.60
e

In 60 we have the p value of the theory of Erwin Schédinger.
Applying 60 out of 10 we get the particle velocity:

_ 2p _ % |2E _|2c?
V_CZE_E C_Z(H_Ep -V = ?(H—Ep) 32.61

In what follows the development is approximately the method of the own Erwin Schodinger.

In Hamiltonian 58 applying the Hamilton Jacobi equations to the x axis we obtain:

as as as as as as

E-f=p ~E=y a=-H(ag.)=-H(xTY) 32.62
_1c?p? _1¢% (052 _8s

H= 4By =15 (5) +E =5 3263

lf(a_s)z +E. + 25 = zero 32.64

2 E \ox Pt~ “ '

For a conservative system the Hamilton Jacobi equations are given by:

as _ s _

ax P priatia 32.65

From 65 it is concluded that the action S can be in the form:

S =S(x,t) = f(x) + g(t) = constante 32.66

Where f = f(x) is a function of x that should result in % = % =p 32.67

Applying % = % e % = —H in 64 we obtain:

1¢2 [(8S\> as 1¢2 [af)?
EE(&) +E, +E_ zero ﬁ;g(&) +E, — H = zero 32.68
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Now let's make the transformation in 68 f = f(x) = kin¥ 32.69
Where k is a constant.
The f function of 69 has an analogy with entropy.

Applying 69 out of 68 we obtain:

1c2 [of (kInW)

5?(&) +E, —H—zer0—>55[ ] +E, — H = zero 32.70
a(kinw)]? k oW _

ZE[ +E —H—Zero—>——($g) +Ep—H—zer0

R s = - RICE e

1 c2k?
2 E

(5> + (E — H)¥? = zero 32.71

Now suppose 71 is not null and has a remainder R in the form:

_ o _ iczkz (A4 _ 2
R=R(¥5x) =25 (ax) +(E, — H)¥ 32.72
The rest R must be a minimum so it must meet the functional:

77 R(w, 2 x) dx 32.73

And we get from the Euler Lagrange equation of the functional:

= ;—x[a(‘%)] = zero - %ECZE"Z (5) + (B, — H)‘PZ] E{a(z g E CZ‘Z (5) + (B, - H)‘PZ]} = zero

S + | - i B G+ (o e = 205, - v - 25 2()] -

zZero
1c2k? 1c%k% 9%y 1c2k? 0%2w
28— H)¥ - ;52 (5)] = (B - )Y - 355 = =35 5 + (B — )W = zero
1c?k? 9%y 1c%k? 9%y
- == (Ep—H)lpzzeroa—ETaz +E,¥ = HY
_1c%k% 9%y
T2 E o TEPEHY 32.74
2
In 74 we have ¥ = ¥(x) - o W—‘;x‘f 32.75
1c2k? 92w 1c2k? d?y
e ﬁ"ﬁ‘Eplp—Hl'P—’—z B ﬁ"’t‘qu’—Hq’ 32.76
Applying the energy E = —= in 76 we obtain:
1‘c—z
2 2 2 2
1Y pw =Ry > 1S Y gy Hly—>—1,’f,—“’+Elp HY 32.77
2 E dx 2 MoC” dx 2—=2-d
2 v2
1—:—2 1=z
Making in 77 ¢ = .o we obtain:
2 2
e R e P 32.78
-5 1"<c=vo2o)2
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Now in 78 making k equal to Planck's constant k = A and replacing H with E because now it doesn't cause
any more confusion:

1 k? d?w 1 h? d?¥

Tamgax T Ep¥ T HY m mo e T BV = EY

_ e dhw +E ¥ =E¥ 32.79
2mg dx?2 |3 .

And we have 79 equal to Erwin Schddinger. equation 31.49. The method used in this work is approximately
the one used by Erwin Schodinger.

§ 32 Energy continuation 20/09/2023

Erwin Schrodinger's Hamiltonian of Quantum Mechanics (QM) is written as:
2
H=H(p,q) = Ex+ By = -+, Ex = Ex(p) E, = E,(q) 32.80

Where we represent the rest inertial mass by m, exactly as in relativity.
From 80 we can obtain the kinetic energy of MQ written as:

1 p2 1 (mev)? 1 1 1
E=-2 == — " vZ=-vm,v=-vp 32.81
2mg 2 mg 2 2 2

In Hamilton's theory, the derivative of H with respect to p gives the speed:

dH _ dE d (1 p? 12 mov dE
—=—k=—(—p—)=——p=1=—°=v —L = zero 32.82
dp dp dp \2mg 2mg mg mg dp

So conversely we can say that kinetic energy is given by:

Ex = 5 m, (j—‘;) (j—‘;) 32.83

When Hamilton created his theory there was no suspicion that time was variable. That is why he did not
obtain a Hamiltonian for the observer O and another for the observer O .

But in Undulating Relativity we have two Hamiltonians, H and H’, one for each observer, so we can write the
kinetic energy of 83 in general form:

Ex = >m, (‘;—;’) (‘;‘%) 32.84

The moments p and p’ can be written as a function of the masses m = m(v) and m’ = m’(v") varying with the
speeds v and V' or as a function of the rest mass m,:

E m mgVv P
— === =mop=mv=—==m, o m, =— 32.85
c2 % % o v

T2 T2
E/ m mgv’ ’
== o :m’—)p’:m’v’szmov—)mozp— 32.86
C 2 2 v

v/ v/
1+C_2 1+C—2

With 85 and 86 we obtain the well-known invariance of kinetic energy:

m, =£=p7—>vp=V’p’ —)Eszl'(zévp:%V’p' 32.87

With 87 we write the kinetic energy for observer O and observer O’ in the form:

1 1 mgv 1 1 1 m  1(mv)? 1p?
Ex=-vp=-v===-vmv=-mv?=-mvi==- =-E 32.88
2 2 v2 2 2 2 m 2 m 2m
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rpm/ _ 1(mv)?  1pi?

Exy =-v'p' = =-vm'v =-m'v'* =-m = 32.89
2 2 2 2 2 mr 2 m 2 mr
1+V—2
C

With 87 we write the kinetic energy for observer O and observer O’ in the form:

1 1 1 1 1
Exy =-Vp=-vmv =-v—_vV = -m,v—= = ~m Vv’ 32.90

2 2 2 v2 2 v2 2

1——2 1——2
C C

1 1 1 1 1
Ej =-v'p' =-vm'v = v 22— v/ = mv —— = -m,V'v 32.91

2 2 2 2 2 2 2

v/ v/
1+C—2 1+C—2
From 87, 90 and 91 the general form of kinetic energy results:
r_ 1 r_ 1 '

Ex = Ey = ZMVV' =-mev'v 32.92

Applying 88 and 89 to 32.50 and 32.51 we obtain the Hamiltonian functions of H = H(p,q) and H' = H(p', q):

_ _ 1 __1p?

H_H(p'q)_Ek+Ep_Evp+Ep_E;+Ep 32.93
H' = H(p',q) = Ex + E, = 2v'p' +E, = 122 + E 32.94
= (p.Q)— k+ p_EVp+ p‘EE"' P .

Deriving H and H’ from 93 and 94 with respect to p and p’ we obtain:
dH _ d (1p®) _12p _p _ dm _
E_dp(Zm)_Zm_m_V dp—ZeI‘O 32.95
dH _ d (1p?\ _12p/ _pr _ dm/ _
=i G i ==Y apr = 20 32.96
The results of 95 and 96 are in accordance with Hamilton's theory, which demonstrates that making
dm dm’ . . .. . .
o = Zero and O Zero is correct, since the masses are explicit functions only of the velocities and
therefore do not it is necessary to approximate 32.57.
Applying 95 and 96 to 84 we obtain the general form of kinetic energy 92:

1 dH\ [/dH’ 1 ,
Ek = Emo (d_p> (d_p') = EmOVV 32.97

The result of 97 being equal to 92 demonstrates that making i—: = zero and i—l;‘,' = zero is correct and is
consistent with Undulating Relativity.

The kinetic energy of 88 and 89 of Undulating Relativity differs from the kinetic energy of 80 of Quantum
Mechanics, only due to the correction of mass due to speed.

Writing 30.32:

E, = g,/pZ—mgvz 32.98

If in 98 we appliedp’ = === = m,v (86) results:
)2
1+VC—2
Ex = g\/pz—mﬁvz = g\/p2 —p'? 32.99

Reshaping 99 and writing it in vector form we obtain:

2
E](:E /pz_pfzq(ﬂ) :pz—p’2—>f)’:p"1‘+%j 32.100

C

Equation 100 tells us that kinetic energy flows between observers O and O’ as if it were a vector entity.
Since the moments p = p(v) and p’ = p’(v) are a function of the same speed, then the absorption of energy
by the particle results in a deviation in its trajectory or is the cause of the wave-like movement of the particle.
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§32 Quantum Operator for moment p 05.12.2023
For a three-dimensional space, equation 8.5 is written as:

a  x/ta a  y/tad a , z/td _

Tz = zero  (8.5) 7 T @ = zero o, T 25, = zero 32.101
Where setting:

X — _Z 2 _ 2 2 2
Vi =7 vy =7 v, =1 ve=vg+ vyt vy 32.102
We get:
S __wd S __Wwd o __v0
ax  c2at dy 2ot 9z c2at 32.103

Squaring gives:

9% vi 92 02 v} o2 8% _ vZo? 32 104
ax2  c* o2 ay2  c* o2 822~ c* at2 ’

These must meet the three-dimensional wave equation where u is the Louis De Broglie phase velocity 32.4:

92 5, (9% 9% 92
ﬁ—u (§+ﬁ+ﬁ) 32.105
ik vZo? v2o9? vZo? u? 0% u? 02
a2 xZ Y " 27 N (y2 2 Y = (v2)___
ot? <c4 e o T at2> ct (vi + 5 +vi) oz~ )at2
2 2 2 2 2
= ()~ 1=5 () s u="5(=324) 32.106

Quantum operators are:

0 ) _ 0 )
E—1ha Px = lhﬁx py = lhay Pz = lhaz 32.107
Applying the operators in p? = pz + p; + p; we get:
2 2 2 2 2 2
p®> = p;+p;+p;= (—ihi) + (—ihi) + (—ihi> = —h? (i) + (i) + (3)
R A 0x dy. 0z ox dy 0z

2 024242 = _p2 [(i)2+(i)2+(i)2] 32.108
p* = px+py+p; ™ ™ % :
Applying 104 in 108 we obtain:

2 ,2lr9)? 2\? 0\2] _ ,p(vEor | vEa? | vZ 9P
pr=—h [(&) +() +() ] =1 (Gt e ioa) 32.109

2 Lo (vE 9% [ vE 9% vEaR\ 2 (VR VE  vE) 82 L, v P
PP = (Giat e tae) = R (G2 E) e = M he 32.110

vZ 92 ., v 0

b= —n2 o Ly ipl 32.111
In 111 we have the moment operator p sought.
Applying the operators of 107 and 111 in 34.67 we obtain:
Z=p+myce™® 34.67 32.112
Lipnd —iprl - ind =ipvl 20-0
Clhat—thZat-l-moce 1hat—lhcat+moc e 32.113
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Deriving 32.1 we obtain:

32.1) W = W(x, t) = Aei®*E) = pe® 5 X _ w2 _ _lpy
( at at h

Applying 114 in 113 we obtain:

inl —ipvo 20~ L qp(—t —iny(=L 2,-¢

1hat—1hcat+moce —>1h( hE‘P)—lhc( hE)+moce

ih (—iElp) = ihf(——iEw) +mpc2e~® - EW = LEW + myc2e®
h c h c

2

EW=%EW+mOCZe‘¢—>‘Pm°C2=%‘P moc? =+ myce™®
1-% 1——2
C C

v
1_—
k4 v ¥ k4 v - N ¢
= +e? e ?= 2(1——)—>e¢=l}’—v
V \'4 C
1-—> 1-=Z 1-= e

e =V JJZE \/\/:E—szl

Cbzé(px—Et)

(17.07)

The result ¥ = 1 of 120 demonstrates that equations 34.67 and 111 are both exact.

Applying the operator 107 E = 171

v v (., 0
p=3E=5(ry)~p=ir3y

And we have in 121 the same result as 111 for the moment operator p.

Applying the operators of 107 and 111 in 34.68 we obtain:
g = —p+myce® 34.68

Lal- _jprl ¢
Ciho = —ih 5= +moce
Applying the derivative ‘;—f = —%E‘P from 114 in 123 we obtain:
ind — _iprd 200 5 ip (=L = —iny(=1L 209
lhat_ Lhcat+moc e? - 1h( th’) = lhc( hE‘P)+moc e
ih (= 1EY) = —in% (= 2EW¥) + moc?e® > EW = —EW + moc?e?

moc _ V moc

EW=——ELP+moce VYV ==—- ﬁ+moce
1__ __
14
L 2(1+¥)=lp
\4 C \4 v _
1—C2 l—c—z l—c—z 1
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2
|n324u——=c——>p=12Eweobtain:
v [

a va
ih— = —ih-— + myc2e?
at cat+ 0

32.114

32.115

32.116

32117

32.118

32.119

32.120

32.121

32.122

32.123

32.124

32.125

32.126

32.127



Applying 119 in 127 we obtain:

e¢=‘{’\/:%=\/:%—>‘}’=1

Applying ¥ = 1in 117 and 126 we obtain:

EY = %ELP +myc?e™® > E = %E +myc?e™® - mycle™® = E (1 - %)
EY = —%E‘P +myc?e? > E = —%E +moc?e? > myc?e? =E (1 +%)

§33 Hyperbolic Relativistic Energy

Next, we will conclude that relativistic energy is a hyperbolic function.

From the energy of 30.9 we obtain:

E = ¢y/p? + mjc?
E? = ¢?p? + m3c* - E2 — ¢?p? = mic*
(E + cp)(E — cp) = myc2. myc?

(E+cp) (E-c )
mgc2 * mgc?

=1

In this denominating:

moC CmoV

K VZ} v v \A
e® — (E+cp) _ c? 1 = 1+ (1+E

mact ~ e TR A e ove Rl [
\
¢ =1In (1+5)
(=)
c
moC _ cmgoVv

v2 v2
a0 — (E-cp) _ Tz T < 1

2 2 v
moC mocC / / \/ 1__ 1+ 1+E)

PR [
o] [

e®.e™® =1 thatis in agreement with 4.

Now calling the hyperbolic cosine (ch) as:

eP+e~? 1 [(E+cp) (E—cp) E 1 mgc? 1
x = ch@ = =3 2 T z | = 2 = 2 =
2 2L mye mgc mgcC mgcC v2 v2
1——2 1——2
C C

And naming the hyperbolic sine (sh) as

y=sh®=

mgc? mgc? moc2  mgc? v2 v2
1-= 1-=
C C

eo—e_o_l[(E+cp) (E-cp)] _ cp _ 1 cmpv _
2 2
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32.128

32.129

32.130

33.1

33.2

33.3

33.4

33.5

33.6

33.7

33.8

33.9

33.10

33.11



To prove that cosine and sine agree with the hyperbola equation let's make cosine equal to x and sine equal
to y of the hyperbola equation 12:

x2—y?2=1 33.12
E \2 p 2 E2—c2p2 m3c*
~) - o) === 33.13
mgcC mgcC mgc mgc
2 2
\'4 V2 1 V2
1 c 2= _ta_
> = | = =—5=1 33.14
1-2 1-2 1z 1= 1z
CZ CZ C C C

Since e? and e™? are always positive, the hyperbolic cosine is always greater than zero:

ePye?
x = chg = =2 =L=;Vz>zero 33.15

2 mgc?
0 /1__2
C

So there is no negative energy.

Now defining the hyperbolic tangent, secant cotangent and cosecant have:

0_o-0 <P -5
sh@ e’—e” mgc2 cp C v
0 chg  eP4e=®  _E E moc? c
mgqc? 2
\
-
InoC2
(0] (0] £ 1_%
cho e’+e” 2 E c c
cothg = D2 e _me? _E_ 4 ¢ 33.17
sh@ e¥—e > cp v
mgpcC VZ
e
1 2 1 mgc? mgc? v2
sech) = —=——= = = = [1—= 33.18
@ chp  eP+e~? E 5 E mgc? c2
mgpcC 1_ﬁ
Z
1 2 1 mgc? mgc? c v2
COSSQCh@=—=ﬁ=T= 0 =crr(1)7=_ 1——2 33.19
sho e¥—e > cp —= v c
mgpcC VZ
i

Trigonometric Functions < Hyperbolic Functions

Construction of relationships that transform hyperbolic functions into trigonometric functions.

The Pythagorean formula for a right triangle with hypotenuse “h” and side “a” adjacent to angle a and side

“b” opposite angle «a is:

h? = a® + b? 33.20
For this triangle we have the following trigonometric functions ft = ft(a) with angle a:

a = h.cosa b = h.sena 33.21

Reshaping the Pythagorean formula gives:

R=a?+b?>b2=h —a’*=(h+a)(h—a)— (’%) (’%) —e%e 0 =1 33.22

This is divided into the following hyperbolic functions fh = fh(@) with angle @:

e? = % > zero 33.23
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e ? = hb%a > zero 33.24

Where applying the trigonometric functions we obtain fh(9) = ft(a):

h+a _ h+h.cosa 1+cosa

e? =— = 33.25
b h.sena sena
— h—-a h—h.cosa 1-cos
o9 —h=a _ = 1ocos 33.26
b h.sena sena

The real equality of the functions fh(®) = ft(a) only occurs if the angle of the hyperbolic function is equal to
the angle of the trigonometric function, that is, if fh(@) = ft(@) where both are hyperbolic functions or

fh(a) = ft(a)
where both are trigonometric functions.

From trigonometry we have:

a\ _ l-cosa _ sena __ |l-cos
tg (;) = sena  14cos \’1+cos 33.27
Applying 27 we obtain the fundamental function of the trigonometric angle « as a function of the hyperbolic
angle @, a = a(9):

1+cosa 1 1 1+cosa
e? = =— = = 33.28
sena tg(;) 1—-cosa 1-cosa

1+cosa

—¢ _ 1l-cos a\ _ [l-cosa
€ T e tg (2) - \’ 1+cos 33.29

a = 2arctg (e‘w) 33.30

The substitution of the angle 30 @ = a(®) in the trigonometric functions transforms it into hyperbolic functions
with the necessary restrictions of existence, in the following form:

fh(®) = ft(a) = ftla(@)] = ft(®) > fh(®) = ft(D) 33.31

From 28 and 29 we obtain the fundamental formulas of the hyperbolic angle @ as a function of the
trigonometric angle a, @ = @(a):

In(e?) = In [@] > 0=0()=In [tgz%)] 33.32
in(e®) = n[eg (£)] - ~0 = in[1 (£)] ~ 0 = 0@ = | 1] 33.33

The functions (30) a = a(@) and (32) @ = @(a) are inverses of each other.

The substitution of angle 32 @ = @(«a) in the hyperbolic functions transforms it into trigonometric functions
with the appropriate existence restrictions, in the following form:

ft(a) = fh(®) = fh[#(a)] = fh(a) - ft(a) = fh(a) 33.34
In the unitary hyperbola x2 — y? = 1 applying the functions x = ch® and y = sh@ we get:

x% — y? = ch?@ — sh?@ = (ch@ + sh@)(ch® —sh@) = e®.e? =1 33.35
Breaking it down into two functions yields the hyperbolic cosine "ch@" and hyperbolic sine "sh@" functions:

eP+e?
2

ch® 4+ shg = e® - x =chp = 33.36

P9

ch® —sh@ = e ® >y =shp = 33.37
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In 36 and 37 we have the fundamental properties of the hyperbolic functions.
Applying to the hyperbolic cosine ch@, the previous variables are obtained:

_h _ h

x =ch@p =

2 2

b b

= coseca 33.38

eP+e? 1 (h+a h—a)
b h.sena sena

Applying to the hyperbolic sine sh@, the previous variables are obtained:

9_o=0 -
y=shp=""—= l(M - h—a) =& heosa  cosd cotga 33.39

2 2 b b b hsena sena

Applying the hyperbolic cosine x = ch® = coseca and the hyperbolic sine y = sh@® = cotga to the unitary
hyperbola equation x? — y2 = 1 we get:

x? —y% = ch®@ — sh?@ = cosec?a — cotg?a =1 33.40
Which is a result of trigonometry.

With the relations of the hyperbolic cosine ch® and the hyperbolic sine sh@ we can define the other relations
between the trigonometric functions and the hyperbolic functions:

shy _

tgho® = v €& — cosa 33.41
ch® — 1
cotgh® = p % = —— = seca 33.42
sech® = % = 1 = sena 33.43
1 1 sena
CoseChQ - T@ - SZZZ - cosa - ga 3344
sech?® + tgh*@® = sen’*a + cos?a = 1 33.45
cotgh*® — cosech®*@ = sec’a — tg*a =1 33.46

Construction of the already known relationships that transform the hyperbolic functions into the exponential
form of a complex number.

Next, we will use Euler's formulas:
e® = cosa + isena e~ = cosa — isena 33.47

Reshaping the Pythagorean formula, we get:

h? = a? + b2 = a® — (ib)? = (a + ib)(a — ib) — %% =% %=1 33.48

This breaks down into the following complex hyperbolic functions:

a+ib
e? =

> zero 33.49

e® = a: > zero 33.50
For this triangle we have the trigonometric relations:

% = cosa % = sena 33.51
Applying trigonometric relations, we get:

of = atib _a

h h

+ i% = cosa + isena 33.52
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a . b ,
e = =—-—1—=C0oSx — lsena
h h

33.53

To conform to Euler's formulas we must change the hyperbolic arguments to @ = ia and thus we obtain the

hyperbolic functions written as the exponential form of a complex number:
e? = el® = cosa + isena

e ® = e i = cosa — isena

Calling the cosseno chia hyperbolic complex as:

. eltqeia 1 , ,
x = chia = — =3 [(cosa + isena) + (cosa — isena)] = cosa

And naming the sine shia hyperbolic complex as:

. eld_e~ia 1 , , .
y = shia = =5 [(cosa + isena) — (cosa — isena)]| = isena

33.54

33.55

33.56

33.57

Applying the cosine x = chia = cosa hyperbolic complex and the sine y = shia = isena hyperbolic complex

in the equation of the unit hyperbola x? — y% = 1 results:
x? —y? = ch?ia — sh?ia = cos?a — i%sen’a = cos?a + sen’a =1

Which is a result of trigonometry.

33.58

With the relationships of the hyperbolic cosine chia = cosa and the hyperbolic sine shia = isena we can
define the other relationships between complex trigonometric functions and complex hyperbolic functions.

Construction of relationships that transform hyperbolic functions into trigonometric functions similar to those

that occur in Gudermannian functions.

The Pythagorean formula for a right triangle with hypotenuse “h” and side

“b” opposite angle «a is:

h? = a® + b?

For this triangle we have the trigonometric relations:

a = h.cosa b = h.sena

Reshaping the Pythagorean formula gives:

h2=a2+b2—>a2=h2—b2=(h+b)(h—b)—>(’””)(ﬂ)=eﬁ.e—ﬁ=1

a /\a
This is divided into the following hyperbolic functions:

h+b
ef = o > zero

- h—b
e P =T> zero

Where applying the trigonometric relations we obtain:

e/g _ h+b _ h+hsena _ l+sena
a h.cosa cosa

e‘ﬁ _ h-b _ h-hse _ 1l-sen

a h.cosa cosa

From these we obtain the fundamental formulas of the hyperbolic angle £:

In(ef) = In (“ﬂ) »B=In (“Sﬂ)

cosa cosa

In(e ?) =in (ﬂ) SB=—In (Hﬂ)

cosa cosa
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33.59

33.60

33.61

33.62

33.63

33.64

33.65

33.66

33.67



Denominating the hyperbolic cosine chf as:

x =chf =

Bie=B  1(h+b . h-b h h 1
%z;( hi —) =-= = = seca 33.68

a a a h.cosa cosa

And calling the hyperbolic sine shf as:

B_e—B —
y=shﬁ=e e =1(M_u)=2_h.sena=sena=tga 33.69

2 2 a a a h.cosa cosa

Applying the hyperbolic cosine x = chf = seca and the hyperbolic sine y = shff = tga to the unitary
hyperbola equation x? — y2 = 1 we get:

x? —y? = ch?B — sh?p = sec’a — tg?a =1 33.70
Which is a result of trigonometry.

With the relations of the hyperbolic cosine chf and the hyperbolic sine shff we can define the other relations
between the trigonometric functions and the hyperbolic functions:

_ ShB _ Cosa _
tghp = 2= e = sena 33.71
_ChB _ cosa _ 1 _
cotghf = g = T = o= coseca 33.72
-1 _ 1 _
sechf = Y cosa 33.73
1 1 cosa
cosechf} = v % =_— = cotga 33.74
sech?B + tgh?p = cos?a + sen*a =1 33.75
cotgh?B — cosech?B = cosec’a — cotg?a =1 33.76

§34 Hyperbolic equations similar to Paul Adrien Maurice Dirac's equations
In what follows we are always dealing with the free particle E,, = zero.
Writing the relativistic energy equation 30.9:
E = cy/m2c? + p? - E? = ¢?p? + m3c* 34.1
E? = c?pg + ¢®pj + c¢®pZ + mjc* p® = p% +p;y + ps 34.2
& = D%+ P} + p} + mic? 343
Dirac proposed that the product of the two following equations results in 3.

= o4py + azpy + azp, + aymye 344

alma | m

= o4py + azpy + azp, + aymye 34.5

Making the 4x5 product we get:

EZ
oz = 01 0 PyPx T QA0 PxPy + 30 PxP; + MoCAL 0 Py + 0 APy Py + 0 0Py Py +
Q303 Py Pz + MoCAL 0Py + O 03PxP, + A X3Py P, + Az03P,P, + MCAL03P, + 34.6

M COy 0Py + MoCAR APy + MoCAZ AP, + MCMCOL 0.
For 6 to be equal to 3, you must meet the following requirements:
i=k-al=a=1 34.7
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i # k- aa, + a,a; = zero 34.8
Breaking down product 6 into two equations we get 9 and 15:

p® = o0y PxpPy + 0,0, PyPy + Az03p, P, + (azoy + alaz)pxpy +
(azaq + oqa3)pkp, + (aza, + O(2013)pypz- 34.9

In this case, if the matrices that represent the «a;, are in accordance with 7 and 8, we will have:

a,04 + 0,0, = Zero 34.10
a3y + o403 = zero 34.11
Q30 + 0,03 = Zero 34.12
00 = 0,0, = 0303 = 1 34.13

Com isso resulta de 9:
p? = p; + pj + p; 34.14
The rest of product 6 is:

mic? = (a0 + oy ay)pyemoc + (a0, + aya)pymoc + (auas + X30,)p,mye 34.15
+0t,0,myCmgC.

In this case, if the matrices that represent the «, are in accordance with 7 and 8, we will have:

0,404 + 0,0, = Zero 34.16
0,40, + 0,0, = Zero 34.17
0403 + 030, = Zero 34.18
g, =1 34.19

This results in 15:
m3c? = mycm,c 34.20
And the final result is 6 equal to 3.

The so-called Dirac oy matrices are:

0 1 0 0
_11 0 0 O
0 0 1 0
0 —i 0 O
_li 0 0 O
=0 0 o 34.22
L0 0 -1 O
1 0 0 07
_10 -1 0 O
L0 0 0 -1
ro 0 0 -1
_|(0 0 1 0
“%=|0 1 0 o0 34.24
-1 0 0 O
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Let's do operations 10 to 13

To) ©
N N
< <
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coco’] oco° -
©"oco o Too
Tooo ..ooo
1 1
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©ooo~ osooT
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===
oo o
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.— L ]
So- o
coo
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| @S —«ococo
o ~°9P°C o-Hoo
I I
Al o~
3 =]
o i
=] =]

34.27
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And the requirements from 10 to 13 are fulfilled:

Let's do operations 16 to 19:

34.37
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01 0 00 0 0 -1 00
wa |t 00 o0fJoo 1 of_|oo
1%=1g 0 0 1{lo 1 0 o 1 0

001 oll=1 0 0 0 0 1

00 -1 0] (00 1 0
o0 o 1l,lo 0 o -1
GLotat =147 o o9 ofT[-1 0 0 o
0 -1 0 0 0 1 0 0

"0 0 0 —11[0 —i 0 07 [0 O
wa—l00 1 0fli o o of_loo
%2 =10 1 0 0ollo o o i|T|i o

10 0 ollo o =i ol lo i

0 —i 0 070 0 0 —17 [0 0
wa =l 0 0 offoo 1 o|_[o0 o0
2% =19 o0 o illo 1 0o ofT|-i o

00 —i olle1 0 0o ol lo -

00 i 0 00 —i 0
O R R R
0oioo lo —i 0o

‘000 0 —13;1 0 0 07 [ O
wa=l00 1 0oflo -1 0o0f_]o
=10 1 o0 o0lloo 1 o0 0

10 0 ollo o o -1 1l

1 0 0 07(0 0 0 —17 [0 0
wa <0 =1 0 0floo 1 of_[o o0
%19 0 1 ollo 1 o0 o|T|0 1

00 o —-1l—1 0 0o ol L1 o

00 01 (0 0 0 -1
o0 10|.l0o 0 -1 o0
Gzt =15 1 9 o|lTlo 1 0 o
-1 0 oo L1 o 0o

00 0 —1370 0 0 —17 1 0
wa=l00 1 0ofloo 1 of_Jo1
+%4=10 1 0 0llo 1 0 o070 0

10 o0 olleg o ol lo o

And the requirements from 16 to 19 are fulfilled:

Therefore, applying requirements 7 and 8 on the product results in 4x5 = 3:

2

c2

In matrix form the 4x5 product is equal to:

2
i—z = [px Py Pz

In this we have:

261
%)
a3
Ay

[ oy az

o7 0
A0
A30q

mgC]

(26161

@] = A0
4 A304
A0

261%%)
A0
A3 0z
A0z

261%%)
A0
A3 0z
A0z

A3
A 03
A303
A, 03

A 03
A 03
A303

o 0y

10
0 -1
0 0
0 0
0 0
_lo o
0 0
0 0
i 0
0 i
0 0
0 0
—~i 0
0 —i
0 0
i 00
00 0
_lo o o
00 0
00 0
0 0 1
0 10
-1.0 0
0 0 0
0 -1
-1 0
0 0
0 0 |
0 0
_lo o
0 0
0 0
0 0
0 0
10
0 1

oy 0y
0,0
U304
040y
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[e> 2 e N R e}

o oo O

(= =N}

oS OO O

E E E
— =p:+ p32/ +pz + mic® = {; = 1Py + Azpy + a3p; + a4mgc}x{; = a1 px + 0Py + 03P, + a4moc}

34.38

34.39

34.40

34.41

34.42

34.43

34.44

34.45

34.46

34.47

34.48

34.49



And applying 49 out of 48 we get:

oq Px
2
I;:—2=[px Py P, myC] gz [ap oy a3z oy gz 34.50
Oy m,C
Breaking apart we get 4 or what is the same 5:
O(l-
§=[px Py Pz mgC] gi = 04 px + APy + 03P, + aymyC 34.51
0y ]
Px ]
§=[a1 Oy Q3 Oy gz = o px + 0Py + Azp, + aymyC 34.52
myC|
Isolating the energy in 52 we obtain:
E = a;cpy + aycpy + azcp, + aymyc? 34.53
Let's apply the matrices ay, to 53:
E = a;cpy + azcpy + azcp, + a4cm0c2 =
0100 0 —i 0 0 1 0 00 0 0 0 -1
1.0 00 i 0 0 0 0 -1 0 0 00 1 0 2
000 1]“px+ 00 o ilPTlo o 1 olq’ﬁ[o 10 0]”10“ 34.54
00 10 0 0 —-i O 00 0 -1 -1 0 0 O
01 0 O 0 —i 0 O 1 0 0 0 0 0 0 -1
_{1 0 0 O i 0 0 0 0 -1 0 0 0 0 1 O 2
E=lo 0o 0 1|0 0 o i|®*|o o0 1 0o|PT|0o 1 o0 o™ 34.55
0 010 0 0 —i O 0 0 0 -1 -1 0 0 O
On this one we must write everything in matrix form:
E 0 1 0 O07r%Px 0 —i 0 07[°Py 1 0 0 0 17r°Pz 0 0 0 -1 [mocz
E[_|1 0 0 O0]|CPx i 0 0 0]|Py 0 -1 0 0 [[cPs 0 0 1 0 [|mocCT
E‘0001CPX+0001%*[00106pz+0100m0c234'56
E 0 0 1 o0JLepy 0 0 —i 04|¢cpy 0 0 0 -—-1lLcp, -1 0 0 04|y ¢2
0
In this replacing the following quantum operators we obtain:
E=H=ihs Px = —ih— py=—maiy p, = —ih— 34.57
. a
[in [inc 2] [—irc ] [ifc 2] ,
lpol 0 1 0 o o 5l o =i 0 09l peal fto0 0 0 T ro 0 0 —1[mec
["ocj_[1 0 0 off ™|, li 0 00 ay[, o =1 0 0|7 [0 0 1 0 fjmc?| gy g
linZ| |0 0 0 Lff_jpcdf fO 0 0 if_gpc 0 fO 0 1 0 sz, 0] [0 1 0 0]myc? '
[ af to o 1 0[ ox 0 0 —i ol w Lo o o0 —1[ szl =10 0 0 Lnoch
. . . a :
ih— —ihc—~ [—1hca—yJ —ihco-
By respectively multiplying each level by ¥;, ¥,, ¥;, ¥, we obtain:
[in 2] [—ihc 2] [~ihe ] [ihc2s ,
|, au,2| 01 0 0 ., ow,| [0 =i © 0| awzl 10 00 | aw,| [0 0 0 -1 [moc "’1]
in 2 —ihct2 —ihc —ihc—= 2y,
ot _f1 0 0 O ox i 0 0 0_| |y 0 -1 00 | 0z 0 0 1 0 |jmeC 2| 34 .59
|ma& 0 0 0 If{_inc?| |0 0 0 i|j_jpc?| |0 0 1 0f[_ipc?:| [0 1 0 0|lmyc2,
[03; 0010[ o 00 —i 0 D 00 0 -1 el b1 0 0 ol oyl
h=r —ihc=— = |- hca_;J —ihc St

193/212



From this matrix product the following Dirac equations result:

i%%z—md%f—@%ﬁﬁ:)—mﬁm@ 34.60
ih 22 = —ihc (%H%—%) + myc?W, 34.61
i = —inc (T2 4127 + Z2) + moc?W, 34.62
at X ay 9z
% = —ihc (% - i% - %) — myc?¥, 34.63

Hyperbolic equations similar to Dirac's equations 60 to 63
In what follows we are always dealing with free particleE, = zero.

From the 30.9 energy equation we obtain:

2
E = ¢\/p? + mic? - E_Z —p? =mjc? 34.64

E—;—pz =mjc? = (E-i-p).(E—p) = m,C.myC 34.65
) o) ooy
AP A V- A eq)_e_q) =1 34.66

mgc ~ mgc

That broken down into two equations results:

% =p+ myce™? 34.67
<= P+ mgce? 34.68
In these applying p = a;px + a;py + a3p, 34.69

Note that the hyperbolic coefficients e? and e~? already break the term mZc? into two fractions, making the
coefficient a,. unnecessary.

L aipx + azpy + azp, + moce™® 34.70

=
% = —aypx — APy — 03P, + myce? 34.71

The product of both should result in:

2
Z = p2 +mc? = p2 + p? + p2 + m2c? 34.72

c2

Let's make the 70x71 product:

EZ
2 = —0; 03 PxPx — Q203 PxPy — X303 PxP, + mocewalpx — 01 0;PxPy —
020, Py Py — O30 PyP, + moce%(zpy — 03 A3PxP; — A U3PyPz — 34.73

[} _ -0 _ -0 —
Q303p,p, + Myce”azp, — mMyCe "0y Py — MoCe™ "y Py
myce®asp, + myce®myce?.

Breaking down the product 73 into two equations X and Y we get 74 and 82:

X = —0 0 PxPx — A20,PyPy — 0303P,P; — (az0y + alaz)pxpy -
(azay + 0103)pyp; — (A3 + A203)PyP,- 34.74

The remainder Y of product 73 is:
Y = moc(eq) - e_q))(oclpX + a,py + (x3pz) + myce®mgyce®. 34.75
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From 33.11 we get:

o0
shp =

I SN S moc(e? — e~0) 34.76

2 moc?

In this applying 69 we obtain:

moc(e® —e™®) = 2p = 2(aypx + azpy + asp,) 34.77
Applying 77 out of 75 we obtain:

Y = 2(aypx + aypy + azp,) (01 py + azpy + azp,) + moce®moce?. 34.78
Making the product we get:

Y = 2(0ypx + azpy + a3p,) (@1 px + aupy + azp,) + mpce®myce™? =
2 04103 PxPy + APy Py + A303P,P, + (az0y + alaz)pxpy +

+ myce®mgyce®. 34.79
(az04 + aya3)pgp, + (az0;, + az03)pyp, 0 0

Y = 20,04 pypyx + 20(zfle)ypy + 2a303p,p; + 2(az0q + alaz)pxpy +
2(a304 + 0303)pyp, + 2(a30, + 003)pyp, + moce®myce™®. 34.80

Adding 80 and 74 we get:

EZ

2 =X+ Y = —a,0,pxPy — 0Py Py — A303P,P; — (a0 + oy a3)pgpy — (0304 + 0y 03)pyp, — (a3, +
a2a3)pypz + 204 04 pxPx + 20‘z(xzpypy + 2a303p,p; + 2(0z04 + alaz)pxpy + 2(az04 + ay03)pyp, + 2(az0, +

o, 03)pypP; + myce®mgce? 34.81

Simply put, we get:

EZ

= = %10 PxPx + a0, Py Py + A303P,P, + (azoy + alaz)pxpy + (o304 + ay03)pyp; + (aza; + O(2013)pypz +
myce®mgyce™? 34.82
For 82 to be equal to 72, you must meet the following requirements:

i=k-a?=ai=1 34.83

i+k- aa,+ apa; = zero 34.84

To meet the requirements of 83 and 84 we must have:

a,04 + 0,0, = Zero 34.85
0304 + 0,03 = Zero 34.86
Q30 + 0,03 = Zero 34.87
04 = 0,0, = 0303 =1 34.88

That makes 82 equal to 72:

E2
c2

= p? + mfc? = p} + p} + p} + mdc? 34.89

The so-called o, Pauli matrices are:

ay = [(1’ (1)] 34.90
azz[? Bi 34.91
s = [(1) _01] 34.92
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Let's do the operations from 85 to 88:

e F | I R P

= [} W ol=lo i

o +arce =[Gl +]p Zl=To o
wa=[y A6 ol =L ol
wa=[i ollo S1=0 7]

e +ases =[5 o]+ [} T]=lg o
we =y G )= V o
wi=[7 9l Al=[F o

—101=[00
0 i 0 0 0

o= 0 31 ¢

we =[] I 1=l

gy = [é _1] [0 —1] - [é (1)

Therefore, requirements 83 and 84 are met and we have:

0
A3, + A 03 = [ i

E? E _ E
2= p? + mjc® = p; + pf, +pZ +mic® = {; = o3Py + APy + azp, + myce ﬁ}X{; = —Q;px — 0GPy — 03P, + moce‘z’}

Isolating energy at 105 we obtain:

E = aycpy + aycpy + azcp, + moc?e™

E = —aycpx — aycpy — azcp, + myc?e?

Let's apply the matrices a; and the matrix | to 106 and 107:
E = a;cpy + azcpy + azep, + mgyc2e” 0 = [(1) (1) cpy + [
E = —a;cpy — aycpy — azcp, + moczew = — [2 (1) Cpx — [0 i

E= 2 (1) cpx + [ 51] cpy+[(1) _01] cpz+[é (1)] myc?e?

E==[y olen= [0 Glew=[p Sfere+fg Jmoce

On these we must write everything in matrix form:

A R 4 R R [ e PR
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Bi] cpy + [(1) _0

34.93

34.94

34.95

34.96

34.97

34.98

34.99

34.100

34.101

34.102

34.103

34.104

34.105

34.106

34.107

1 (1)] myc?e™®  34.108

_[0 01]sz+[(1, g]mocze‘z’ 34.109

34.110

34.111

34.112



R4 R AT e

In this replacing the following quantum operators we obtain:

E=H=ihs Px = —ih— py=—iflaiy p, = —ih— 34.114
[in 2] —ihcZ —ihc Cinel s o
Mol 0 17(7"¢% 0 —i ay 1 0 thes, 1 0] |mgce 34.115
., 0 _[1 0] . a +[i 0] . i} +[0 _1] . i} +[0 1 2,-0 '
ih— —ihc— —ihc— —ihc— myc-e

ot ax ady 0z
[, 9] iy 0 T 9
ih- _ [0 1] —ihc— ~ [0 —i] ihc | [1 0 ] —ihc— N [1 07 [myc2e? 2116
20l 11 o 0 i 0 oy 0 0 —1 oy 0 0 1 2,0 :
ih— —ihc— —ihc— —ihc— myc-e

ot 0x ay. 0z

By respectively multiplying each level by ¥;,¥,, ¥;, ¥, we obtain:

awl g O i 0¥
[i7, 2 0 1] —1hca—x1 N [0 — ihc P [ ] —1hc N [1 01 [mgcZe=y, 34117
ih—2 ‘Wz Pl li 0 —ihc% —-in calpz 0 1 [mec’e™W, .
2] ihe2¥s
ih—= __ ] _ [0 —1 ihc ay | _ [1 ] + [1 0] |:m0C2e®lp3] 34.118
1)‘1& Lol _jpc 2 i 0l jpc % 0 -1 W“ 0 moc’el ¥,
ot | 0x ay 0z
These matrix products result in the following hyperbolic equations:
L, 0¥ ow, .9 ow _
i = —inc (T2 i —+—1)+m0c2e Oy, 34.119
—ihc (B2 +i “’1 —22) + mcte 0V, 34.120
a% = 1hc( aa& alm aw3) + myc2e®W, 34.121
1hc( 2 "“’3 ";”4) + myc?e®y, 34.122

§ 35 The Geometry of Transformations by Hendrik Lorentz
Let us consider two functions f(@) = n and g(®) = u inversely proportional in the form:
f(9).g(@) =np=1 35.1
That applied to the unitary hyperbola x? — y? = 1 results:
X2—y?=x+y)x-y)=nu=1 35.2

Breaking down 2 we can define the hyperbolic cosine x = ch@® and the hyperbolic sine y = sh® in the
following form:

x+y=n-x=ch@=-(n+p) - A
2 35.3
x-—y=p->y=shd=-Mm-w-B

Where we add A+B to get the ch@ and subtract A-B to get the sh@.

The hyperbolic cosine x = ch® and hyperbolic siney =sh@ functions are the fundamental hyperbolic
functions.

Applying x = ch@ and y = sh@ to the unitary hyperbola x? — y? = 1 we obtain the inverse functions:
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1 2 n 2

x? —y? = ch?@ —sh?p = [Z(n+w| - (- w)] 35.4
2 _ o2 — h20 _ oh2 — 12,1 12 1, 1 _1.2
x* —y* = ch?*@ sh®—4n FrMp ot =Nt o 2nu =S
xz—yz=ch2(2)—sh2(2)=i2nu+i2nu=n.u=1
x?2—y?=ch?¢—sh?p=n.p=1 35.5
The sum of ch® and sh@ results in n and the subtraction of ch@® and sh® results in p:
ch@ +sh = =M+ 1) +> (0 — W) 35.6

B VI NP
ch®+sh®—2n+2u+2n SH=n
ch® + sh@ =n 35.7
ch® —sh@ =2+~ (1)

1 1 1 1

ch@ —sh@ =-n+_p—-n+-pu=un
ch® —shg =p 35.8

So for two functions to be hyperbolic it is only necessary that they are inversely proportional in the form
f(0).g(@) =n.p=1

We can construct with the unit hyperbola x? — y? = 1 a right triangle described as follows:
x2—y?=1->x*=y*+1% =h? = a% + b?, 35.9

In this triangle we have the hypotenuse h equal to x, the leg “a@” equal to y and the leg b equal to 1.

With 3 and 9 we get:
h=x=chp=-(n+p a=y=shg=—-(n—w b=1 35.10
h+a=ch® +shp =n h—a=ch® —shd =p 35.11

We can define the following trigonometric functions on this triangle:

cosa

L a = h.cosa = 35.12

sena sena

a = h.cosa b=hsena =1-h=
h? = a2 + b2 - h? = (h.cosa)? + (h.sena)? — sen?a + cos?a = 1 35.13
From 10 and 12 we obtain the relations between the hyperbolic functions and the trigonometric functions:

h = chg = — a=shp = 2% 35.14

sena sena

With 11 and 14 we get:

1 cosa 1+cos sena

1
n=h+a= + = = - 35.15
sena sena sena 1—cosa u
1 cosa 1-cosa sena 1
u=h-a= - = = n=- 35.16
sena sena sena 1+cos n

2 1+cos sena _ 1+4cos _ |1tcosa _

N ( sena ) (1—cos ) " 1-cosa -on= \/ 1-cos n-p= 1 35.17
2 1-cos sena |\ _ 1-—cos _ |1—cosa _

H ( sena )(1+cos ) " 1+cosa TH= \’ 1+cos n-u= 1 35.18

198/212




From trigonometry we have:

1-cos

tg (E) = \T+cos 35.19
This applied in 17 and 18 results:
_ 1 — 1+cos —
17 %@ ™ icosa nu=1 35.20
_ o) _ [1—cos _
h=1tg (2) - \’ 1+cosa nu=1 35.21
In §17 we define the proportion factors n and p as:
X' —ct'=nx—-c) A _
{X, = ey~ 1704 np=1 35.22
Equations 22 and their inverses are:
x—ct=ux' —ct’) C {X’ —ct'=nx—ct) A _
{x +ct=nE +ct’) D X' +ct' =p(x+ct) B 17.04 nn=1 35.23
Applying 20 and 21 to 23 we get:
x—ct=tg(§)(x’—ct’) C X’—ct’=ﬁ(x—ct) A
R B2 35.24
X+Ct—@(X +ct) D x'+ct’=tg(§)(x+ct) B
o) _ x-ct @) _ x'+c’
tg (5) T X —ct! tg (2) T xct 35.25
o x—ct o x +ct!
tg (E) T x'=ct! tg (E) T x+ct 35.26
a) _ x—ct _ x'+ct’
tg (E) T x/—ct! T x+ct 35.27

In 27 we have the description of two right triangles with the same angles.

In the following table according to 23 we have the geometry that describes 27.

The Geometry of Transformations by Hendrik Lorentz (GTHL)

Axle Coordinate Coordinate Distange between Distange between
X 1Y X v pomts' of pomts_ of
X axis Y axis

Ponto Observer O Observer O’

0 Zero zero X0 X1 |[x—ct| X0 Y1 | X' —ct

1 x—ct=pux —ct) X' —ct' =nx—ct) X1 & X2 ct Y1 o Y2 ct’

2 X X' X2 & X3 ct Y2 & Y3 ct’

3 X+ ct=n+ct) x4+ ct’ = p(x + ct)

The X and Y axes are perpendicular X_LY.

Observer O is on the X axis and Observer O'is on the Y axis.
The line joining X1 < Y1 makes angle a/2 with the Y axis.
The line joining X3 < Y3 makes angle a/2 with the X axis.

Doing on 23 the additions (C+D) and (A+B) and the subtractions (D-C) and (B-A) yields the H. Lorentz
Transforms of 28 in primary form without any consideration of the propagation of a light ray. The same is
obtained from the GTHL table if, for both coordinates, we average the sum of point 1 with point 3 or the
average of the subtraction of point 3 minus point 1.

{x—ct=u(x’—ct’) C {X’—ct’=n(x—ct) A

x+ct=nEx"+ct) D X'+ct'=px+ct) B 35.23

17.04 nu=1
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x=%[n(x’+ct’) +u' —ct)]»x>ct> AX =%[u(x+ct) +nx—c)] »x'>ct' > C
35.28
ct= %[n(x’ +ct)—pux' —ct)] > ct<x-> Bct' = %[u(x+ ct)—nmx—ct)] >ct' <x' > D

In the Lorentz Transforms of 28 for both observers Space is greater than time. Consequently space

propagates at a speed that is greater than the speed of propagation of time which propagates at the speed
of light.

§ 35 Continuation

In §17.07 we obtained the proportion factors n and p described as follows:

1+¥ 1-2
n="= h="—=
/1—! 14%

C C

Considering ct = zero and ct’ > zero and the variables n = n(v) and p = p(v) being functions of velocity, thus
in 29 when v = zero we will have 1 = p = 1 and when zero < v < c then we haven > 1 > p. 35.30

np=1 17.07 35.29

With 17.02 and 17.03 we can write:

ab=cd = (x+ct)(x—ct) = (x' + ct')(x’ — ct’) = x2 — c2t? = x'* — c2t'? 35.31
where is denominated:

a=x+ct c=x"+ct
{b =x—ct {d =x' —ct' 35.32
a? —b? = (x + ct)? — (x — ct)? = 4xct c2—d?=(x"+ct')? - (x' —ct')? = 4x'ct 35.33
The inverses of 32 are:

xzi(a+b)—>a+b=2x x’=l(c+d)—>c+d=2x’

f i . 35.34

ctzz(a—b)—>a—b=2ct ct’=5(c—d)—>c—d=2ct
From 34 we get:

1 1 1, 5 2 por 1 1 1, 5 2
Xct=z(a+b);(a—b)=z(a —b*) x'ct =E(c+d);(c—d)=z(c —d%) 35.35
And we have 35 equals 33.

Applying 34 by 31 we get:
1 2 n 2
ab=(xX+ct)(x—ct) =x? —c?t? = [5 (a+ b)] - [E (a— b)] =ab 35.36
2 2
=K+ —c) =x? -t =[Lc+d)| -[c-d)] =cd 35.37

Applying 32 to 23 and writing in alphabetical order we get the fundamental proportions:

a=nc c=pa 3
{b =ud {d =nb np=1 35.38
With the following properties:
ab=cd ad = n?bc bc = p2ad ac = ca bd = db 35.39
From 32 and 38 we get:

_a_d_ xtct _x-ct _c_b _x'4etr _ x-—ct
n= ¢ b x+cr  x—ct H= a d  xt+ct  x'—cu 35.40
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n.u=1—>§.g=1—>(X+Ct).(X_Ct)=1 35.41

x'+c x!—ctr

Applying 30 v = zero - =1 in 39 results:
b_q2b 3 b 4=hc 35.42
d d c

With ad = bc - % = gwe build the following proportions:

ad=bc—>ad+ac=bc+ac—>a(c+d)=c(a+b)—>3=ﬂ—>A
c cHd 35.43
ad=bc—ad—bd =bc—bd - d@a—b) =b(c—d) > > =228
ions: ad = a_b_atb_a-b
From 43 we get the proportions: ad = bc - T iT od o 35.44
3= L act+ad=ac+bcoad=bcon=1 35.45
c c+d
a a-b
-=—~ac—ad=ac—bcoad=bcon=1 35.46
2 L ad+bd=bc+bd>ad=bc—n=1 35.47
d c+d
2=22pbc-bd=ad—bd>ad=bcon=1 35.48
%zg—)(a+b)(c—d)=(c+d)(a—b)—>ad=bc—>n=1 35.49

Making n =%in 39 where ad=n2bc—>§.%=n.nforzero <v<cen>1>u

ad_ —2-4d = —l_c_b
S ENnon=-=r-2ab=cdop=-=-=--n>1 35.50

n>1-n= ;

ol

With the proportion n = % = % — ab = cd and 43 we obtain forn > 1:

11:% %z%z%—)(a+b)(a—b)=(c+d)(c—d)—>a2—b2=c2—d2 35.51
_c b_c+d_a—b _ 2 2 _ 2 2

n=- E—E—;—%a+b)(a—b)—(c+d)(c—d)—>a —b*=c*—d 35.52
_ (atb a-b) _

In 51 and 52 it is only useful for zero < v < ¢ which results in the ratio ab = cd which is best described as:

nzgz——rq_ﬂzﬂ%A
c b ¢ 2 Sab=cd- (@+b)@a—-b) = (c+d)(c—d) 35.54
IJ':;:__)“:EZCT_)B

Forn > 1 in 54 we only have the fundamental proportions of 38 and the proportions:

{a+b=n(c+d)—>A {c+d=u(a+b)—>C 3555
a—b=p(c—d)—»B c—d=n(a—-b)->D

From 55 we get:

(@+b)@a—b) =n(c+ duc—d) » a2 — b? = ¢? — d? 35.56
(c+d)(c—d) =pu@+b)nla—b) > c? —d? = a%? — b? 35.57
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Adding and subtracting 55 we get the alpha transformation:

a=;M(c+d) +pec-d]-A c=>u@+b)+n@-b)]-cC

1 1 35.58
b=;[n(c+d)—u(c—d)]—>A d=;[u(a+b)—n(a—b)]—>c

Applying 58 to a? — b? we get:
1 1
a® =b* = Mnlc+d) + e~ D’ —7Mlc+d) — ple - P
at b = 2 [n(e + 2 + 2n(c + Dle — @) + p¥(e — d)?] — 7 [ + ) — 2n(e + e — d) + (e ~ 2]
a? — b? =%[2(c+d)(c—d)]+%[2(c+d)(c—d)] =(c+d)(c—d)=c?—-d?
a?—b?=(c+d)(c—d)=c?-d? 35.59

Applying 58 to c? — d? we get:

2 _ g2 _ 2z L _ _ 12
cc—d [u(a+b) +n(a—b)] 4[Ll(a+b) n(a—b)]

=

1
c? —d*=—[p*(a+b)* + 2u(a +b)n(a —b) +n*(@ —b)?] —Z[uz(a +b)? —2p(a+b)n(a —b) +n?*(a—b)?]

B =

1 1

c? — d? =Z[2(a+b)(a—b)] +Z[2(a+b)(a—b)] = (a+b)(a—b) =a?—b?
c2—d?=(a+b)(@a—b) =a?-b? 35.60
Aoplvi w1, 0 1oy 1 2 . n 2 )

pplying 34 to the equality E(a +b%) = [E (a+ b)] + [5 (a— b)] we get:
1% +b?) = [l(a + b)]2 + [l(a - b)]2 = [x]% + [ct]? = x? + c?t? 35.61
2 2 2

. W1 1 2 2

Applying 34 to the equality E(c2 +d?) = [E (c+ d)] + [E (c— d)] we get:
Yt d) = e+ o] + -] = WP+ (] = 2 + c2e 35.62
2 2 2

In 61 and 62 we have the mean square where x and x' are the radii, so again we have Space greater
than time, that is, x > ct and x’ > ct'.
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§36 The Wave Function

The wave function of 32.1 is written in the form ¥ = W(x, t):

(32.)¥ = W(x, t) = Ae® = ex®*~ ) - A = constante > & = %(px — Et) = constante 36.1

[T }]

The variable “x” of the function ¥ indicates any direction, x does not mean the direction of the X axis.
2
The phase speed of 1 described in §32 isu = % = S = % = % 36.2

The justification for what follows is that the speed of light is independent of space and time and this is the cause of the
variation in time between observers.

Let us change the variables (x,t) — (k,y) to 1, obtaining the wave function in the form:

¥ =9(p,E) =¥(k,y) = Ae® = AerP¥ED = pei2nlvt) = congtante 36.3

The variables in function 3 have the same direction as the variables in equation 1.

In 3 we use: p = hk E =hy h=%—>%=2n 36.4
From the total differential of 3 we obtain the speed of the particle:

_ o IE = ia_p_"_E) i(a_l’ _a_E) - x _dE _
d‘P—apdp+aEdE—‘Ph(apx 6pt dp+‘l’h 55X "ot dE—Zero—>t—dp—v 36.5
Considering the dispersive medium where y = y(k) or k = k(y) we obtain:

_ o g W v _dy = — 0k 4, _ gk Ok _ dk
y_]/(k)_)dy_akdk_dkdk_)ak_dk_)k_k(]/)_)dk_aydy_aydy_)ay_ay 36.6
As 3 is constant then we must have % =0and % = 0, therefore:
¥ _ wl® _ oy dk WYY () = _X_%

;—‘Pdk—‘PIZTI(dkx dkt)—(x dkt)—zer0—>v—t—dk 36.7
A _ w2 _wi (K — ) = (K ) = _X_%
E—‘Pd —‘PlZn(dYx dvt)—(dvx t)—zero—)v—t—dk 36.8
Equation 3 must be in accordance with 8.5:
(85)6—\p+x—/t6—‘p=zer0—>a—w+%a—w=zer0 Where we use 5 o e (x,t) » (k,y) 36.9
= ox c2 ot ok = c2 ay t dk ’ 24 '

v oy L (0k Oy qr. . [0k 9y
ﬁﬁ‘C—ZW:ZETO—)‘PIZT[ @x—@t +C—2‘PIZT[ a—yx—wt = zero

- 9 1 dydk  d

<)+ E Gy 9 == (- + 5 (- )

X——t)|+—|\7=—x—t)=zero-> |x——t|+—=|—5—X——t) =zero
( dk c? \dy dk c® \dk dy dk

_ﬂ) i( _ﬂ)_ ( L)( _ﬂ)_ x_dr
(x akt +C2 X dkt = zero — 1+C2 X dkt = zero » - = 36.10

Equation 3 must be a solution to the following wave equation 11:

22 _ 29
at? ax2

36.11

Wave equation 11 requires that the speed of light be equal to the unit ¢ = 1, so the phase speed (1) and the group speed
(v)now have the properties of hyperbolic functions in the form ¢ = 1 - u.v = 1. That's why we have 11 written as:
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0 _ 2 00 _ 1o Where (x,t) = (k,y) and
a2~ 7 ax2  9y2  vZ aKk2 ’ 24

Inuv=c?t->c?=1-uv=1weget

dxx _EdE d d k dk
‘LL.V:——:——:X—Y:1—)V:—Y:——)‘u_:—:X
dat t p dp k dk dk Y dy k

In what follows, the relationships of 13 are of fundamental importance.

1 92

. . . 92
Applying the derivatives of 3 ¥ = W(k, y) to the wave equation 12 Vo rad

) » ¥ =¥(k,y) = Ae® = Ael?" YY) = constante

dw do . dk g . dk d?¢ ., d%k
— = —=LP12n(—x—t)—>—=12n(—x—t)—>—=12n—x
dy dy dy dy dy dy? dy?
v _avdo | &%

ay? ~ dy dy dy?

a2y .

prvs =VW¥i2n (—x — t) 1271( X — t) +WVi2r—x

‘ak d dk dk? 2
d?w _ dwdo d2¢

Kz  dk dk dk?

d2y

, d , d .\ d?
— =VY¥i2r (x — —yt) i2m (x — —Yt) —yi2r <Yt = zero
dk?2 dk dk dk?

‘PlZn( yx - t) i2m (S—I;X - t) + ‘PlZTtﬂx = {‘PiZTr (x - %t) i2m (x - Z—Zt) - ‘PiZn%t}

X
t

wi2n (—y——1)tZH(E——l)t+‘Pi2n227]z(x——{‘P12 (———)uz (

Wizw (S 1) iz (B9 — 1) ¢ + Wizw Six = L {wize (2 - &) iz (L - L) ¢ - wizm Lo

dy dk dy dk dk
d%k 1 d?y
—x=———"
dy? vZ dk?
d?k 1 d%y d?k 1 d?%y d (clk) 1d (cly)
— =l —yVV==—>->—\|— = ——
dy? v2 dk?2 dy? v2 dk?2 dy \dy v2 dk \dk
d (dk 1 d [fady d (1 1 dv —-1dv 1 dv
- )jv=---—]---]Jv=->——V=——-——
dy \dy v2 dk \dk dy \v. v2 dk v2 dy v2 dk
-1dv 1 dv —-1dv 1d -1 1
—_—— Yy =——— D ——V = ———y—)—vz ——v->0=0
vZ dy v2 dk vZ dv v2 dk v2 v2

For ¢? = 1 of 13 we obtain:

d 2 k2 2y d 2k d
uv="T =15 [ydy=[kdk >L ="+ (ct) > LL=SL,1T
K dk 2 2 2dk 2 kadk

_=k72+(cte)—>yz—k2=(V+k)(y—k)=cfe

2 _k _ ) -k _ e -0 _
14 =+l -k - yz kz NN efe” =1

(poo e vk o [ furn_ [
Vr2-kz2  J+iGh-K) y-k u-1 1-v
-0 — y—k = vk - -0 — ﬂ = u_—l = ﬂ
ke Jr2-k2 Jy+)y-k) € y+k u+1 1+v
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we obtain:

d ., d?
—Y) t— lPLZn—Zt}
dk dk

J

36.13

36.14

36.15

36.16

36.17

36.18

36.19

36.20

36.21

36.22

36.23

36.24

36.25

36.26

36.27

36.28

36.29

36.30



Ifin 17.07 we do ¢ = 1 it results in 30.

From 34.67 and 34.68 we obtain:

(34.67) — % =p+myce™®->e?=(y

(34.68) —» % = —p+myce? > e? = =+ k)mL
0
Equating 30 and 31 we obtain:
o _ /ﬂ - n
e’ = e y+k) e
e? = /— = - )
Applying the quantum operators of 32,107 and 32,111 to 3 we obtain:
3) » ¥ = ¥(k,y) = Ael?"&xYY = constante.
.p V 6 _ i vad i1 k
p—hk—lhc—zaﬁk mZn k‘}’ ‘P 1271( y) = y‘}’ k¥
Applying the quantum operators of 32,107 and 32,111 to 3 we obtain:
_ _ _ in 2
(33.10) > x =ch@ = o = e ot
= % _p _ihvao
(33.11) »y =sho = moc2  mgc  mocc? dt
2_y2 = ih_9\*_ (Lih v 0)? —(ir22)" = (moc?)?
x y=1- (mocz 6t) (moc c? 6t) (lh ) (lhcﬁt) - (moc )
N2 2
(lha) h—— [1 —(= ] —) = (myc?)?
2 2 2
(lh0t> _(mOCV) h__ m052_> lhlp ( E) mocz - E= mocz
-] = = =

Therefore the operators of 33 are in agreement with the hyperbolic functions.

Differentiating 17.07 we obtain:

o _ ’ ¢yl 1t _dv _dle?) _1 1 _dv av
(17.07) - e —>d(e) (1 ) 1_Z_§—> o C(l_g)\/f:_;dy

Deriving 31 we get:

O = (4 ey o U (W ) (g b a6

dy dy/ myc? mgc? dy

Equating 38 and 39 we obtain:

de?) 1 1 1 dv ( c) h hdy _d(y)  dE 1 1 dv
T DT vay v 2 2~ 2 2~ N(1Y 2
dy c(l C) 1_\C/_Zdy v/ mgc mgc mgc mgc C(1+V) (1 C) 1_:_2
dE \% 1
== — [ dE = 28.08
moc?  c? (1_é> 1__ f f e ( )
SN (1—C—2)
1 vdv 1 c moc
—[dE={ s> —FE = +ct® =zero - E = ==
Mo V2 2 Mo 1_V_ 1_V_
(-5) : :
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36.31

36.32

36.33

36.34

36.35

36.36

36.37

36.38

36.39

36.40

36.41

36.42



Equation 28.08 is part of the calculation of gravitational energy.

Differentiating 31 again we obtain:

¢ — _h L de?) _ (dr | dky_h__ _h e vy
€ ()/ +ck) moc? - dk (dk + Cdk) moc? (v+o) mgc? - dk (1 + c) moc 36.43
Equating 38 and 43 we obtain:
d(e‘p) v h 1 1 1 clv dv
=(1+4Y) L= ——-% f p= f 36.44
e G i . N g ey
Zfdp=] & s tp =Lttt =zero »p =1 36.45
mo 2 % mo v2 v2 .
(1—‘;—2) - N
The derivatives of 30 using 13 and — = f - Z— = —results in
e? = /“ f” S e? =2
Y ak
36.46
e? = y+ y+ ef = 8
\ ay
o9 = ﬂ_)de—q’:_l ﬂ: 6_0—)6_0——]/‘18_@
+k dk +k dk
Y Lo Y L 36.47
e = Y=k _de " _ 1 fyzk_ 1,0 0 _p%_
v+k dy kA y+k k dy

. . . de¥Y d i
The derivative of the exponential e” is equal to: L=y ﬁ, so if in 46 we do @ =

dx
the angle @ are equal to :

del _ odo  de® _ gd0

e e
dy dy  dk dk

d_(Z) _ ao d[ln(y+k)] 1 dy+k) _ 1 dk
dy - (2) - ln(y + k) _> dy y+k dy - (y+k) (1 + dy)

1+ 8) i) e -8

dy  (y+k) dy (y+k) k (y+k)

ao B dp _ dliny+k)] _ 1 d(y+k) 1 (%
Z - 0=In(y +k) > —=—— T y+k dk (y+k)( * 1)

@0 _ 1 (k) 1 (k,v 1,40 _1
dk—(y+k)(y+1) (V+k)(]/+]/> V(V+k)(k+)/) y dk vy

In(y + k) then the derivatives of

36.48

36.49

36.50

36.51

36.52

Therefore, the derivatives of the 46/47 functions have a result equal to the derivative of an exponential function with

angle @ = In(y + k).
Deriving 31 we get:

d(e

BN ==+l — 2= 1+

(31)—>e®=(y+k)mlo—>w=(1+i)i

day v/ my

BD-e?=g-bi-LDog-nlt

d mo

(31)ﬁe—®=(y_k)mioq‘ﬂe_ﬂ=(1_g)i

dy v/ my
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The derivatives of 53/54 must be equal to the derivatives of 46/47 so we have:

ale?) _ ho_ 1,0 40 L
o —(1+V)m0—ye —e —}/(1+V)m0
de? Nh _ 14 0 _ 1\ h
o= (1) =t~ =k(14) 0
de™® _ L S S N
- —(V—1)m—0— set e =y V)m0
de™® _(1_Nh __ 1,0 ,-0_r(l_1)
day _(1 v)mo_ ke -e _k(v l)mo

Applying the operators from 33 to 31 for ¢ = 1 we obtain:

(31) —>6_® — (y_k)mlz (LE_LLE)L_)C: 1_,6—0 — (1_V)Lii
0

2mot  2mc?at) my mg 21 Ot

o _ h_(ia iva)h _ o _ h i @

- = — =4 ——==)— =1- = _———
G € (y+k)m0 271:0t+271:020t m0—>C 1 € (1+V)m0271: at

Equating 55 with 57 and 56 with 57 we obtain an identity.

9 _ h_ h i 9 -t 9
€ _y(1+v)m0_(1+v)m02nat Y =Eaan
-0 _ I L9
€ )/(1 V) mg (1 V) mg 2m 0t - 2m 0t
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§37 Relativistic Transformations

Transformations of Transformations of
Space Undulating Relativity (UR) Lorentz (TL)
Item Time
Speed Observer O Observer O’ Observer O Observer O’
LO Conditions Cl1 C2 C3 C4
, X — vt x' + vt
X = X =
L1 Space X' =x—vt x=x+v't v2 V2
1-3 1-=
VX !
2 r2 i t— 7 t’ + %
L2 Tlme t’_t 1+V__% t_t’ 1+V_+2VX t,: t= ¢
N ¢z ct| c? c2t’ 1— v2 1— v2
c
C
S B vt’
L3 , pace X = vt x=v't x=vt x= V2
x' = zero 1=
Time V2 i
L4 X =vt t=t|l-— t=t [1+—
r_ c
X' = zero
Space v v
L5 X = ct t’:t(1——) t=t(1+—
’ ’ C C
X =ct
Time v v
L6 X =ct t’=t(1——) t=t'(1+—
’ ' C C
x = ct
! V V’
L7 Speed V= P V= 2
Ve 2vX vz 2v'x! _ —
1 cz ¢t I+=+ap
L8 From the vZ  2vx vz 2vix’
Speed s el L el
From the L8 V2 v'2 , v v
L9 ,xzvt 1_c_2 1+—=1-v'= V2—>v— —
x' = zero 1- i 1+=
From the L8 % ' , \ v’
L10 X = ct (1—2) 1+? =1->v :1__—)V: 7
x ' =ct c 1+ <
Next, the cell calculations.
X —vt
x' = zero = ——— - x = vt (C3)
VZ
1-=
L3 x" +vt’ 0+ vt' vt'
x' =zero > x= = = (C4)
v v2 V2
, vz  2vx vz  2vvt vz 2v? 2
xX=vt-o>t =t 1+—2—Tt=t 1 F— C2t= 1+§—C—2= 1——2(C1)
L4
, , vi22vix , v'2 2v'(0) , v'2
x'=zero >t=t 1+F+ 7 = = 2 =t |1+— (C2)

208/212



L4

L54

L6+

L6

vt
[E—— c
\%
= Jl_c_z
RO
c

>
Il

X'=ct'»x=ctox=ct=

ct' > x=ctox' =ct' =

X — vt

ct—vt

VZ_
(=

x'+vt' ot +vt’

v2
c2

it

v2
- \/1_

v2
c2

! ct’—>x=ct—>x=x’+v’t’—>ct=ct’+v’t’—>t=t’(1

v
x’=ct’—>x=ct—>x’=x—vt—>ct’=ct—vt—>t’=t(1—z) (€D

!

v
+ ?) (C2)

x=ct—>t’=t\]1+—2—
c

vZ  2vx

VZ
—=t|l4+—=-
c%t c?

2vct
—-=t|1+
cet

x’=ct’—>t=t’\]

VIZ
1+F+

!

2v'X

c%t’

12

2

v
=t’\/1+—
4

2v'ct’
c2t’
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§ 38 Hyperbolic average kinetic energy (E.)

Kinetic energies with index (k)

C2

C3

L1

— moc? 2 2 v?
v2 Ty =moc® —mpc® |1 ——
1 - C

vp =

Ep + Ty sz\/ VZZ\/ Vz_mOC

v'2 E',, = myc? — Mot ;L mov'? 2 v'2 mec?
L2 T' = myc? 1+—2—m0c2 k 0 V'2 V’p’ = T’k +E,k vp = = = mqc 1+C_2_ =
¢ 1+— /1+—2 1+—
c C c
L Y mOVV_mV’V’
L3 Ek = T,k Tk = E,k vp = V’p' myvv. =Vp =V Dp —\/ 2 —\/ 2
c c
Energies
myc?
E = v2
L4 v2 T =-myc® [1-— vp=E+T Vp=E+T=E,+T,
1 _C_z C
! i TnOC2
v'2 E = ., , , . ) ) ) ,
L5 T’:mocz 1+ — v'2 vp' =T —E szT—E=Tk+Ek
c? 1+—
C
L6 E=T T=-E vp =v'p’ E+T=T —FE
L7|E=cp+moc?e™ | E=—cp+myc?e® |E?=c’p? + mjc* E=c fpz + mfc?

72

. ' moc? P v
L8 [The greatest energies are : E = T' = ——= = myc” [1 + =
L9 The lowest energies are : |T| = |E'| = myc? |1 V—Z = 2oC
72
14+
Average kinetic energies with index (c)
1 1 ! 1 I/ 1 ! ! Il 1 !
L10]  Ec=gvp=5(E+T) | Ee=zv'p' =2(T"-E) E. = E = 5mowv
1 c
L1l E, = Svp=3 /pz — mZv2 2E, = cp — cmgve™® 2E. = —cp + cmqve?
: v 4
Relationships v2 v'2 v = v =
L12 1-— [1+—=1 v2 2
between speeds \/ c2 \/ ) 1— =z 14+ \(/:_2
L13|All equalities are exact and can be proved using the L12

L14

energies

The average kinetic energies (E,;) are indicated with index (c) to avoid confusion with other
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From unitary hyperbola x? — y? = 1 we get:

e“’=x+y=ch®+sh(2)—>x=ch®=§(e®+e‘®)—>A

X2 —y?=x+y)(x—y)=ee?=1 38.1
ye=G&+y)x—-y) e®=x—y=chp—shg—>y=shp==(e’ —e?) > B
From the right triangle h? = a? + b? we get:

2 _ 2y p2 0 _a2 b2 _a h? 2 _hP-a® _ (hia)(h-a) _ o.-0 _
h“=a*+b —>bz—bz+bz—bz+1—>bZ 2= 2 —( > )( > )—e e’ =1 38.2
Comparing 1 with 2 and considering that b = h. sina — a = h. cosa we obtain

h a cosa
X == ch® = o =coseca >y == sh@ = o = cotga 38.3
Applying 3 in 1 we obtain:
o — _ h+a
e’ =x+y=—--4
38.4

e P=x—-y= % - B
Average Hyperbolic Kinetic Energy (E.)

In the sequence, we will conclude that the average kinetic energy E. = %Vp of Undulating
Relativity is a hyperbolic function.

In 30.32 we have the average kinetic energy (E.) now written as:

(30.32) - E. = =/p? — mv2 - ¢?p? = 4E? + ¢*m3v? > h? = a? + b? 38.5

c
2
From this we obtain:

c?p? = 4E% + c®>miv? - ¢?p? — 4E? = ¢*m3v? > h? — a? = b? 38.6

(cp+2Ec) (cp—2Ec) _ ePa=® — 1 o (h+a) (h-a) _ o0 — 1 38.7

cmgov cmgov b b

(cp + 2E.)(cp — 2E,.) = cmyvemyv =
That we can break down into:

( cmov , vimgv w

Shov
_v2 _ﬁ/ v v v
e@ — (cp+2E) — (cp+vp) — \ R — 1 P +e — (1+E) 38.8
= .
cmov cmov cmgv Jl_z_; \/1_:_: \/(1_3)(1_,_%) (1_E)

e(z) — (Cp+2EC) N 2Ec — _Cp + Cmove(b 38.9
cmov
(cmov_vmov\
(cp—2Eo) _ (cp-v ) \ -z e 1 < 1 (1-3)
e ? = £ = = = £ — C = < 38.10

cmov cmov CmoV _\/1_;’_;_\/1_‘;_; _\/(1—2)(1+%) (1+E)
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-0 _ (cp—2E¢) _ _ -0
el == 2E. = cp — cmyve 38.11

e.e? =1, Which is in accordance with 7. 38.12

Now naming the hyperbolic cosine (ch@) as

Oy a0
e’+e 1 [(cp+2E¢) (cp—2E.) 1 mgyv 1
X = ch@ = = [ R o P e 38.13
2 2L cmyv cmov mov — mgVv v2 v2
= 1-==
C
And denominating the hyperbolic sine (sh@) as:
e?—e? 1[(cp+2Ec)  (cp—2E() 2E. vp p 1 myv %
2 2 cmov cmov cmoVv cmoVv mgocC mgcC 1 v2 1 v2
T2 T2
C C

In conclusion, all hyperbolic functions for average kinetic energy are equal to the respective
hyperbolic functions for energy.

From 5 we get:

- move 1 1
"
T o ST _ Imow _1yp38.15

2 v2 2 vz
ez Tz
2
mva
1—ﬁ 1 2
1c¢2p?2  1p2  1p%? 1 c2 1 m3v? Z  1mgvwv 1
3211) - E. == =-= — == = == =-v 38.16
( ) €2 2 £ m 2 =0 vZ 2 VP

a
N
ﬁ
W
[\S]
—
T
nNI
~
3
<)
|
al<
Nl N

""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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