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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 (i ), Acceleration (d ), Energy (E), Momentum

— — — —

(p), Force (F'), Electrical Field ( E'), Magnetic Field ( B ), 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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c c
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Along with the equations of transformations between two references of the UR, we get the invariance of
shape to Maxwell’s equations, such as:

p

= divE =2 : = divE = 0.
€0
= divB =0.
= RotE = _a—B
dt

— —

= ~ 0E = 0E
= RotB = po. j+ so.ﬂo.a—;: RotB = so.ﬂo.a—.
t t

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

2 1

= + + - =0
ox> 9y’ 977 c*ar
:>a—p+V.f=0.
ot
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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 =1’ = 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—c2t2=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 +VTt. 1.4
Making 1.1 equal to 1.3 we have

Xty + 2 —cP P =x?ry?+ 2% -7t 1.5
Because of the symmetry y =y’ end z = Z', that simplify 1.5 in

X2 -t =x?-c?t2 1.6
To the observer O x’ = x — v t (1.2) that applied in 1.6 supplies

X2 —c?t = (x—=v t)2 —c? t? from where

v 2ux

2

r'=nl+——-——. 1.7
c ct
To the observer O’ x = x’ + v' t’ (1.4) that applied in 1.6 supplies

(X" + V' t)2 = c® £ = x? = ¢® t** from where
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' vv2 2V'.x/
t=t,1+—+ ) 1.8

c? c’t
Table |, transformations to the space and time
X=x—-vt 1.2 X=X +Vt 1.4
y=y 1.2.1 y=Yy 1.4.1
Z=z 1.2.2 z=7 1.4.2

2vx 2v'x'
t—t1/1+——— 1.7 1+ 5 +— 1.8
¢t it c c’t'

From the equation system formed by 1.2 and 1.4 we find
vt=v'tor |v|t = |v'|t' (considering t>0 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: o 2ux vy
1+—2——2. 1+—2+ 5 =1. 1.10

c c’t c ct'

Ifin 1.2 x’ = 0 then x = v 1, that applied in 1.10 supplies,

2

Vv 12

1/1——2.,/1+V—2=1. 1.11
c c

Ifin1.10 x =ctand x’ = c t’ then

(e

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

dx
2= ux,lzﬂzuyﬁ:%:uz 1.13
¢ dt tdt t dt

and then we can write

v: o 2ux v 2vux
1+—2——2 = 1+—2— ;- 1.14
c ct c c
With the use of 1.7 and 1.9 and 1.14 we can write
|V| t v 2ux v 2vux
—=— = 1+—2——2 = 1+—2— - 1.15
|v'| t c ct c c

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

|v|dt—|v|dt or — | | 1.16

|v'|
/ 2vux / 2vux
but from 1.15 —; | then dt'=dt 1+——— 1.17
1%
Being v and v’ constants, the reazons H and — in 1.15 must also be constant because fo this the
v t

2

v 2vx x dx
differential of 1+—2——2 must be equal to zero from where we conclude — =— =ux, that is exactly

c ct tdt
the same as 1.13.
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To the observer O’ the principle of Constancy of velocity of light guarantees that the components u'x’, u’y’,
and u’z’ of velocity of light are also constant alongside its axis, thus

x/ dx/ ' d/ Z/ er
— =ux, L= oy —=—=u'7 1.18

> ’

== , y =
o dr t dar' ' dr

and with this we can write ,

Vv2 zvvxv v|2 2v|u|x|
I+—+ =, |1+—+ . 1.19

2 2 2 2
c ct' c c

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

|V'| t v:ioo2v'x v 2v'u'x

=T =3t t+t—F =4|l+—F+—7F—. 1.20
t c ct c c

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

vl dr
=l or 1=
|v| dt
V' v 2v'u'y v 2v'u'x
butfrom1.20u=\/1+—2+ — then dtzdt'\/l+—2+ —. 1.22
|v| c c c c

o o . |

Being v’ and v constant the divisions H and — in 1.20 also have to be constant because of this the
v t
v|2 [ xv xv
differential of 1+_2+T must be equal to zero from where we conclude —=—=u'x", that is
c ct ' dr
exactly like to 1.18.
Replacing 1.14 and 1.19in 1.10 we have
v 2vux v 2v'u'x'
I+ —-——— I+ —5+—F—=1. 1.23
c c c c

To the observer O the vector position of the point A of coordinates (x,y,z) is
R=xi +yj +zk, 1.24
and the vector position of the origin of the system of the observer O’ is
Ro'=vti +0] +0k = Ro'=vti . 1.25
To the observer O’, the vector position of the point A of coordinates (x’,y’,Z’) is
R=xi+y'j+7k, 1.26
and the vector position of the origin of the system of the observer O is
Ro=—vti+0j+0k =>Ro=—v't'i. 1.27
Due to 1.9, 1.25, and 1.27 we have, Ro'=—R'o. 1.28
As 1.24 is equal to 1.25 plus 1.26 we have
R=Ro'+R' = R'=R—-Ro'. 1.29
Applying 1.28 in 1.29 we have, R=R-R'o. 1.30
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To the observer O the vector velocity of the origin of the system of the observer O’ is
— dEO' 2 = = - -
V=—-=vi4+0j+0k =>Vv=vi. 1.31

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

~ dR'O - - - —y e
v'= p =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 = 1.33
v 2v'u'x'
I+—+—;
c c
. -V
y = . 1.34
vi o 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 # and u’

Differentiating 1.29 and dividing it by 1.17 we have

|
|

dR'_ dR-dRo' I e S b 2
dr' v: o 2vux vi o 2vux JK
o |1+——— I+—-—
c c c c
Differentiating 1.30 and dividing it by 1.22 we have
d_R B dR'—dR'o e u'-y' _u'-y' oo
dt ' v|2 2vvuvxv Vv2 2v|u|x| \/_'
dr'\[1+—+——5— I+ +=-=
c c c c
Table 2, Law of velocity transformations # and u'
=t 2.1 i=t 2.2
JK - K '
Uy = ux—v 03 ur = u'x'+v' o4
JK ' JK' '
coa_ Uy u'y'
uy=—— 2.3.1 uy =—F— 2.4.1
JK JK'
u'z'—ﬂ 2.3.2 uz = uz 2.4.2
v] = M s |ve 1.20
JK JK'
2 2 '
v: 2vux v v'u'x
JK = 1+ -0 |25 «/K'z\/1+—2+ . 26
c c c c

Multiplying 2.1 by itself we have

| v 2vux
Ve
' . 2.7
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If in 2.7 we make u = ¢ then U’ = ¢ as it is required by the principle of constancy of velocity of light.
Multiplying 2.2 by itself we have

' vv2 2v| ' |
u 1+7 p)
u= L L. 2.8
v|2 2v| ' |
I+—+—
& C

If in 2.8 we make U’ = c then u = c as it is required by the principle of constancy of velocity of light.
c—v

If in 2.3 we make ux = ¢ then u'x'=———=c as it is required by the principle of constancy of
v 2ve
It
c c
velocity of light.
, c+Vv' . : i
If in 2.4 we make u’x’ = ¢ then ux= =c as it is required by the principle of constancy of
v: o '
I+ +—;
c c
velocity of light.
Remodeling 2.7 and 2.8 we have
u
2vux 2
l+— -~ = <. 2.9
Isd Isd u|2
==
c
u|2
12 (] v 1_ 2
V 2v'u c
\/1+— > = 2.10
c c u?
==
c

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

dt—dt1/1+——— , 2.11
vz

¢
di = dr 1+§+2v;0 :dt'zL,Z, 2.12
‘ ]+v—2
SR | ¥ 213
1+‘;2 +2:20 1+‘;2
v|= |2v| == i = 2.14

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 / V
0= :>ux=v,c:—y:>uy:c 1——2,uz=0,
2 Qvux vi o 2wy c
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v’ 2
u= \/uxz +uy2 +uz’ = v+ c I——2 +0° =c¢ exactly as foreseen by the principle of relativity.
c

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

ux v v/c
tango = — = = 2.15

uy V2 \/ V2
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

2
ux"+v' u'y' v’

0= =Sux'=—v',c= Y =>u'y' =c,|l-—,uz=0,
\/ v 2vu'x' \/ viZ 2v'(=v) ¢

I+—+
c c

2

u’:\/u’x’z+u’y’2+u'z'2 = (—v’)2+ el-2— 1| +0? =¢

u'x' —v' —v'/c
tango = = = 2.16

u'y' V/Z \/ vy2
Coy|l —— 1——
\/ C2 C2

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:io o2v) 2 c 1(v: 2v
c'= = =|—tv|l+—5+—| =|—Hv|Il-—=|F5+—
\/] v 2ve/n \/] vio 2y n c° nc n 2{c® nc

c’ c’

C2 nc

Ignoring the term v* /¢ we have

(¢ v c vV’
czl—+v|l-——|=2—F+v-——7F——
n nc) n n-  nc

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

, C vV ¢ 1
c=—+v-——=—+v1-—|. 2.17
n n- n n
Doppler effect
Making 7>=x>+y>+z> and r’=x7+y?+z? in 15 we have r —c’t’=r"=c’t" or
' ’ (r'+Ct,) : U U : ' ’ V2 2V'x
(r—ct)= (r —ct )— replacing then r =ct, r=ct' and 1.7 we find (r—ct)z (r —ct ) I+———
(r+ct) c c't
wow 1 1 v 2wx
as ¢ =;:; then ;(kr—wt):;(k'r’—w't') 1+———— where to attend the principle of relativity
' ' ¢ 't

2
| 2
we will define k'=k, |1+ —=- 2.18
C c't

Resulting in the expression (kr— wt): (k' r’—w't’) symmetric and invariable between the observers.

To the observer O an expression in the formula of l//(l‘,t) = f(kr— wt) 2.19
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represents a curve that propagates in the direction of R . To the observer O’ an expression in the formula of
w'(r't)=f k' r—w't') 2.20

represents a curve that propates in the direction of R'.

2 2
Applying in 2.18 k :77[, k’:/l—ir, 1.14,1.19, 1.23, 2.5, and 2.6 we have
A A
V=t e)=-L_, 2.21
JK JK'
that applied in ¢ = yA=y' A" supply, y'= yx/f and y=y'vK'. 2.22

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

E'=ENK and E=EVK'. 2.23

If the observer O that sees the observer O’ moving with velocity v in a positive way to the axis x, emits
waves of frequency y 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—zj , 2.24
c

that is exactly the classic formula of the longitudinal Doppler effect.

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

12
, \%
Y=y ,/1—0—2, 2.25

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
d_ﬁ’_dﬁ/\/? - 4)ldux/K\/f:>4, - a)v ax

a
= V) d =+l -V) > —. 3.1
dt'  diNK ¢’ diK K ¢’ K?
Differentiating 2.2 and dividing it by 1.22 we have

du du'/NK' ., _\V du'xX'/K'JK' 7 AR U b of
di_di VK () ¥ e R
dt  di'\K' c dt' VK’ K ¢
Table 3, transformations of the accelerations a and a’

3.2

67’=£+(L7—V)L2a—)§ 3.1 Fl=i'—(ﬁ'—ﬁ')%'if 3.2
K c’ K K’ c’ K’
a'x’=ﬂ+(ux—v)%a—)§ 3.3 axzﬂ—(u’x'ﬂ/)%’a'f 3.4
K c’ K K' K’
a'y’=ﬂ+uy%a—)§ 3.3.1 ay=ﬂ—u' %“’Z 3.4.1
K c’ K K' K’
a'z'=%+uz%a—)§ 3.3.2 az:ﬂ—u’z'%a,f 3.4.2
K c’ K K’ c’ K
,_a _a
@=— 3.8 a=n 3.9
2 12 '
k=142 2 a5 | K'=140 4 2V 3.6
C C C C
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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 a
and u' is perpendicular to a' 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
v’ dv a

Where replacing 1.15 and dividing it by 1.17 we have, — =——- or a'=—. 3.8
dt'  ditK K

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

dv av' a'

—= ora=—. 3.9

dt dt'K’ K’

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

3.9 supply
, a a a a'
a= 3 = > and a = 3 = > - 3.10
] Vo 2w ] v ] Ve 2v'0 ] V'
toT o s ot s
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=u'x'=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’:|b7'| .

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

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

Before and after the collision the spheres have velocities observed by O and O’ according to the following
table gotten from table 2

Sphere | Observer O Observer O’

2
v!
Before s UXs = zero, uys =w u'x's=-v, u’y's:w‘}]——2
c
V2
Collision s uxs'=v, uys'=—w,|1—— u'x's'=zero, u'y's'=—w
c
er

After s Uxs = zero, uys =—w uwx's==v,uys=-w,l——-

2
v2
Collision s uxs'=v, uys'=w,|l-— u'x's'=zero, u'y's'=w
c

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(w/uxsz +uys’ )uxs+ m(w/uxs’z +uys'’ )uxs’z m(\/uxsz +uys’ )uxs+ m(w/uxs'z +uys'’ )uxs' :

where replacing the values of the table we have
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2 2
m| v+ —w I——2 v=m| [V +|W I——2 v from where we conclude that w =w,
c c

and for the axisy

m(1,MXS2 +uys’ )uys+ m(qluxs’z +uys'’ )uys’z m(w/uxsz +uys’ )uys+ m(qluxs'z +uys'’ )uys' :

where replacing the values of the table we have

2 2
2 2 2 2
m(w)w—m v2+{—w1/]—v—2J WW/]—V—ZZ—M(W)W+WL v2+[W1/]—v—2J WW/]—V—,
c c c c
simplifying we have

2 2
m(W):m \/V“_W{]_V_ZJ 1’]—v—z,wherewhen w — 0 becomes
Cc Cc
2 2 2
m(O):m\/v2+02(]_V_2j ’]_V_ij(O):m(v) ]_V_ij(v): m(O) ’
¢ c c ; )2

T2
c

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

m m
m(v)=——=2—, with a relative velocity v =u = m(u)= 2
v u’
-4 -4
c c
I — - myu
that applied in 4.1 supplies p = m(u)u =
MZ
==
c

m
mr(ur): 0
urZ
1= 2
c
_ _ myu'
and p'=m'(u')i'= —=2
urZ
1= 2
c
T . . m,
Simplifying the simbology we will adopt m = m(u) =
I
cZ
m
and m'=m'(u')= g
urZ
1- 2
c

1=

that simplify the moments in p =mu and p'=m'u’.

Applying 4.2 and 4.3 in 2.9 and 2.10 we have
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2 P 2
V' 2Viu'x / % 2vux
m=m'\/l+—2+ > =>m=m'~vK' and m'=m ]+—2——2:>m’=m\/K. 4.4
c c c c

- dp d(mu ~ dp' d\m'u'
Defining force as Newton we have F =P =M and F'=— =M

, with this we can define then
dt dt dt' dt'

kinetic energy (E,,E', )as

d(mii)
dt

E, =

S ey

F.df(’:]’ .df(’=]‘.d(mﬁ).ﬁ:j|‘.(u2dm+mudu),
0 0

0

d(m'i')

o (u'z dm'+m’u'du').

and E', = Iﬁ’.dﬁ':
0

Q'—.R‘

.dié’:jd(m'a').a' =
0

RS S—

2

Remodeling 4.2 and 4.3 and differentiating we have m’c’—m’u’ = mch2 = u’dm+ mudu = c*dm and

m?ci—m'u'’ =m02c2 =u'’dm'+m'u’ du'=c*dm', that applied in the formulas of kinetic energy

m'

supplies E, = J-czdm =mc’ —myc’ =E-E, and E', = J-czdm’z m'c’ —m,c’ =E'-E,, 4.5
my )

where E =mc’ and E'=m'c’ 4.6

are the total energies as in the special relativity and E, = mocz 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 =c1/m02c2 +p’ and E'= cw/m02c2+ p”’ 4.8

identical relations to the Special Relativity.

Multiplying 2.1 and 2.2 by m, we get

v 4.9

and < = < ——== Smu=mu-mv'=p=p—-—v'. 4.10
2 12 12 C2
u u u
== 1= ==
c c c

Table 4, transformations of moments p and p’

=y - E ed = = E' =
p=pP——7V 4.9 P=pP——73V 410
C C
! ’ E ! r ' r

px:px—c—zv 4.11 px=p x+—v 412
C

p'y’: py 4.11.1 py:p’y' 4121

p'Z': pz 4.11.2 pzzp’z’ 412.2

E'ZE\/? 2.23 E=E' /Kr 2.23
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m m
2 nE
c c
= mJK 4.4 m=m VK 4.4
E =E-E, 4.5 E' =FE-E, 4.5
E:mC2 4.6 E'= m'cz 4.6
E =mc’ 47 E =mc’ 47
4.8 4.8
Ezcw/m()2c2+p2 E'=c\/m02c2+ 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'=t1,
-Resting Energy E, = mocz
2
m,c
-Frequency y(,:T": ;1

-Wave function y ,=asen2ny t, with a = constant.

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

o

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

2
1%
==
C
, t, 1, . ,
-Time t = = (from 1.7 with ux=v and t'=¢,)
v: o 2w v’
I+-5-—75 Iz
C C C
E m c’
-Energy E = —%—=-—=— (from 2.23 with ux=v and E'=E,)
v’ v?
I—— 1=
C C
Y, mocz/h _ .
-Frequency y= = (from 2.22 with ux =v and y'=y,)

2 2
C C

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

, v? v? x) . ¢’
-Wave function y=asen2ny,t, =asen2ny,|l1——t,|I-——=asen2my| t—— | with u =—
c c u v

2
E yh h .
-Wave length u:yﬂ,zc—:—:y—:wl:— (from 4.9 with p'= p, =0)
v p p p

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

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

2
C C C
12

%
-Frequency y=y' ]+—2 (from 2.22 with u' x'=0)
c

_ ' v?:o2vi0 V'’ o
-Time 1 =1t",[1+—+ =1t'\[1+—5 (from 1.8 with u'x'=0)
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v
-Velocity v = ——— (de 2.13)

1+
C2

that applied to the wave function supplies

/2 !2 /2 ’
t
t//’=asenZny(t—:—szasenZny’\/l : V2 t'\/] : v2 Y

=asen2ny't',
c c 5 V/Z
co L1+ 5
c

§5 Transformations of the Forces F and F'

butas t'=7, and y'=y, then y' =y, .

Differentiating 4.9 and dividing by 1.17 we have

' _dp___dE L:ﬁfzi[ﬁ "_EL}:ﬁeL[ﬁ_(ﬁ.ﬁ)Lz} 5.1
K

dt' aiNK  diNK ¢ VKL dr e

Differentiating 4.10 and dividing by 1.22 we have

d__dp'___dE v_j,;ZL[ﬁ,_div_}jﬁ:;[ﬁ/_(iﬁ')v_z] 52

dt — arNK  dr'JK ¢ JK'

From the system formed by 5.1 and 5.2 we have

dE  dE’ - =
—=——or F.u=F'u', 5.3
dr dt’

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

-

Table 5, transformations of the Forces ﬁ and F'

_.!_ ] r r - v r —_ ] _.! _.! na v'

! 1 ] o - v ] 1 ! 4’/ = v,
F'x :ﬁ[FX— (FM)C—Z} 5.4 FXZW{F X +(F.u )C—Z} 55
F'y'=Fy/JK 541 | Fy=F'y'/JK' 5.5.1
F'7'=F/JK 5.4.2 Fz=F'z7/JK' 5.5.2
dE' _dE o
dr dr 53 Fii=Fi 53

§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, - we have
Y

o

— — —

pou — pou _ p()v :p'ﬁ':pﬁ-pﬁ:}j':f—pﬁ 61
\/]_I/lr2 \/]_1/12 \/1_”2
c’ ¢’ ¢’

and — L2 =Pl Lo == pii=pi'=p' V=T =T=p'V". 6.2
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Table 6, transformations of the density of charges p, p' and density of current J and J'

j/:j_p‘—}' 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:]'y' 6.4.1
J'7'=Jz 6.3.2 Jz=J'7 6.4.2
—_ P , Po

P="T— p =

u 6.7 u' 6.8

]—72 I_ 5

¢ c

o' =K 6.9 o= K 6.10

From the system formed by 6.1 and 6.2 we had 6.9 and 6.10.
§7 Transformation of the electric fields E, E’ and magnetic fields B , B’

Applying the forces of Lorentz F = q(E+ ﬁxé) and F' = q(E’ + ﬁ'xé') in 5.1 and 5.2 we have

g(E+iixB)= L[q(l73+ ix B)-|g(E+iix E)ﬁ]iz}

JK c

and glE+ axé):L[q(*'ﬂz'xéf)_[q(EwXéf)ﬁ']ﬁ'

JK' ?

} , that simplified become

“N|<1

(m'xg/):L{(mxg)_(g.a) } and (mxg):L[(m'xg/)_(@.a/)q from

VK g :

c
where we get the invariance of E.i=E'ii' between the observers as a consequence of 5.3 and the
following components of each axis

1 Exuxv  Eyuyv  Ezuzv
E'x+u'y'B'z’-u'7'B'y'= ——| Ex+ uyBz—uzBy— - - 71
y y \/?[ y y CZ C2 C2 j|
1
E'y’+u’z’B'x'—u’x'B’z'=—[Ey+usz—usz] 7141
JK
E'z'+u'x’B’y'—u'y'B’x’:%[Ez+uxBy—uyBx] 7.1.2
K
] E/ ’ ’ ’ ’ E! ’ ’ ’ ’ E! ! ’ ’ ’
Ex+uyBz—uzBy=——| E'x'+u'y'B'z'—u'z' B’ y'4 ruxry : YUYV : Luzy 7.2
JK' c2 c2 c2
1
Ey+usz—usz=—[E'y'+u’z’B’x'—u’x'B'z'] 7.21
'K/
Ez+uxBy—uyBx=%[E’Z#u’x'B’y'—u’y'B’x'] 7.2.2
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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, E and magnetic fields BeB

Ex vux E'x' viu'x'
E'x'=—|1—-— 7.3 Ex = 1+ 7.4
s =)

E 2 B Er ’ 12 P rBr '
E'y':—y I+V_2_V_I/12X _2 7.3.1 Ey:—y ]+V_2+V MZX +V <z 7.4.1
JEU & ) Jk K’ ¢ ¢ JK'

2 " 12 ) ' o
Eg= Ez ]+v_2_v_uzx +vBy 730 EZZEZ ]+v_2+v uzx _V'B'y 245
\/E c c K VK c c VK’
B'x'= Bx 7.5 Bx=B'x' 7.6
v V'
B'y'=By+C—2Ez 7.5.1 By=B'y'—C—2E'Z' 76.1
r ! 4 [ V' ’ [
B'z =Bz—c—2Ey 7.5.2 Bz=B z+c—2E y 7.6.2
E'y'= EyJK 7.7 Ey=E yJK' 7.8
ux u'x' _,
By =——Ez 7.9 B'y'=———FE'z 7.10
c c
Ux l/l,.x,
BZ=C—2Ey 791 | B'Z'= e E'y’ 7.10.1

Table 8, transformations of the electric fields E, E' and magnetic fields BeB

o ] = \V ] 1ot = V,
E'x :ﬁ[Ex_(Eu)c_z} 7.11 EXZW[E X +(Eu )C—Z} 7.12
1 1
EYy =——(Ey—vBz 7110 | Ey=—=(E"y'+v'B'Z’ 7121
T ) Tx )
1 1
E'?'=——=(Ez+vBy 7412 | Ez=—=(E'z~v'B"y’ 7.12.2
Jx ) Jx )
Brxr:Bx 7183 Bx:B’x’ 7.14

Relation between the electric field and magnetic field

If an electric-magnetic field has to the observer O’ the naught magnetic component B'= zero and the

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

vE. vE
Bx = zero, By =— ZZ,Bzz Zy, 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:

d
-Linear density of resting electric charge p, = ;
x
-Naught electric current I'= zero
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-Naught magnetic field B' = zero = ii'= zero

-Radial electrical field of module E'=+/E'y'*+E'z'* =2’0—”R at any point of radius R =+/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:

-Linear density of the electric charge p = p—”z (from 6.7 with u = v)
Y
==
c
. _ P
-Electric current I = pv =
v2
==
c
-Radial electrical field of module FE =T (according to the conjuncts 7.3 and 7.5 with
1%
==
c
B'=zero=ii'=zero and ux=v)
vE vE
-Magnetic  field of components Bx = zero, By = __2Z , Bz = _2y and module
c c
vE v E % 1 P, w1 1 o _
B =—=— =— = where LW, =—, being in the vectorial form
¢ < ; v: ¢ v2 2me, R 2TR €,C
c’ c’
~ I _
B= K, u 7.17

—

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 =4/ y2 +z° because from the conjunct 7.4 and 7.6 EB= zero .
§8 Transformations of the differential operators

Table 9, differential operators

dx' dx cor 8.1 dx dx' ¢’ ot 8.2
9 _9 9 _ 9

3y "9y 8.1.1 3y 8.2.1
9 _9 9 _9d

37 32 A 8.2.2
i:Li_FL ]+ﬁ_£ i 8.3 i:_ v’ a + 1 1 ﬁ ﬂ i 894
ot JKox K\ & Pt)or | ot JK 9x JK' ¢ i )or

From the system formed by 8.1, 8.2, 8.3, and 8.4 and with 1.15 and 1.20 we only find the solutions

a+X/ta—0and J +x'/t’a =0 8.5
dx ¢’ ot ox'  ¢° ot '
From where we conclude that only the functions y (2.19) and ' (2.20) that supply the conditions

d /t d dy'  x'/t' dy’

—W+x—2—W:0 and t//+x2 v _ , 8.6
ox c¢° dt dx'  ¢° 9dt
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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

Qy yAdy _ oy y/dy'_ o Ov  zAdy oyl Oy

oy o oy e ar M T T T ar o
From the transformations of space and time of the Undulatory Relativity we get to Jacob’s theorem

_vux I+ viu'x'
J = 8(x’,y’,z’,t'): c’ and J'= a(x,y,z,t) = c’ , 8.8

d(x, y,2,1) JK o(x',y',z,t) JK'

variables with ux and u’x’ as a consequence of the principle of contancy of the light velocity but are equal ais
J =J' and willbe equaltoone J =J'=1 when ux=u'x'=c.

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

A A
ax12 ay/Z aZ/Z c2 atIZ

= Zero

where applying to the formulas of tables 9 and 1.13 we get
2
(i+lij2+ 82 + 82 _i v i+ / ]+ﬁ_m i = zero
ox ¢’ ot oy’ 0972 |JKIx K ¢ ¢ ot

from where we find

9’ 9’ 7 197 2va* 2 97 Hiux 97 v 9P v 9o 2viux 9’
K_2+K_2+K_2__2_2+_2 +— - 4 VIR 6 .2 6 2
ox ady dz° ¢ dt° ¢’ dxdr ¢* dxot ' oIxdot ¢ I’ ¢ or c® ot

vio? 2v 97 2vi 97 2viux 97 2v? 97 2vux 9% 2viux 9? viux? 97 v* 9?

—_— - + - —+ —+ — - — ————=zero
c?ox? c?oxot ¢! oxor ¢ oxot ¢ o ' of c® of c® ot* ot
that simplifying supplies
P S R S I G U S G ML S S
ox’ dy’ 9z ccot’ ¢ oxdt cPox’ cfor’ ¢t ot ¢ o
where reordering the terms we find
9’ 0’ 9’ vi 2vux )1 97 v( 9 2ux 9 ux® 9’
K—2+K—2+K—2— ]+—2——2 =" —2+—2 +—4_2 = zero 8.9
ox ady 0z c ¢ ) ot c¢f\ax”  ¢® oxot ' ot
X/t 0 0 uxd) 9 2ux 9*  ux’ 9’
butfrom8.5and 1.13wehave —+—F—=0=|—+—F—| ==5+— = = gero
dx c¢° ot ox ¢ dt ox ¢’ dxot ¢’ ot

I . : 0> 9> 9 190
that applied in 8.9 supplies the wave equation to the observer O 8_2 + 8_2 + a—2 __28_2 =zero. 8.10
X ly z° ¢ ot

To return to the referential of the observer O’ we will apply 8.10 to the formulas of tables 9 and 1.18, getting
2
i_v_,i 2+i+i_i — V' a + / ]+ﬁ+m i = zero
ox' ¢’ ot dy'”’ 977 ¢*| JK 9x' K’ c’ c> ot

from where we find

18/96



aZ aZ aZ ] aZ 2v/ aZ 2v/3 aZ 4vy2 u/xr aZ V/Z aZ vr4 aZ

K’ +K' +K' -— -—— - - +———t——
ox'’’ oy’ 7% ¢’ o’ c¢? ox'or ' ox'or ¢t oot o’ ¢f ot
+2v’3u'x’ > v? 9’ +2v' 0’ +2v'3 0’ +2v’2 wx 9> 27 97 2vu'x 9’
c® o’ P ox? o oxor ¢f ox'or ¢t oxar ¢t o’ ct ot
v/3 u/x/ aZ va u/xyZ aZ v;4 aZ oro
—_ —_ —_— =1Z
C6 atrZ C6 at/Z C6 atrZ
that simplifying supplies
K’ aZ +K' aZ +K’ 82 ] 82 2v12 u!xl 82 v!Z 82 v12 aZ 2vlu!xl aZ v!Z ulx!Z 82 — cero
ax!Z ayIZ aZIZ C2 at’z C4 axlatl C2 ax!Z C4 at12 C4 at12 c6 at!Z

where reordering the terms we find
, 07 LK 9° LR 0’ _(]+ﬁ+2v'u’x’ji 0° _ﬁ( 0’ +2u'x' 9’ +u’x'2 9’ jzzem
ox'’ dy'”’ 97" c’ > Jctart flox? ¢F oo ¢f o’
but from 8.5 and 1.18 we have

0 x'/t' d [ 0 u'x d jz o’ 2u'x 9° u'x'? 9°
— =0 -

K

— 4+ =0 —+ — + + = zero

ox'  ¢* ot ox'  ¢* ot o'’ ¢ ox'or o’

that replaced in the reordered equation supplies the wave equation to the observer O'.
Invariance of the Continuity equation

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

P L= zero O O Oy 0J7
ot' o' ox' dy' 07

zero 8.11

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

v 0 1 v’ vux) o 0 v d dJy dJz
—_——t =t | KA+|—+—— |Ux—pv)+ ——+—=zero
(Rax \/f( c’ CZJaJP [ax czatj( 2 dy 9z
making the operations we find

2 2
vap+8_p+v_8_p_vux8_p+8.lx+18.lx_vap_v_a_p_'_ai_i_ﬂzz
dox 0t ¢’ 0t c¢*> 9t dx ¢ 9t Odx ¢’ 9ot dy 02

ero

that simplifying supplies
a_p_ga_p_i_aJx_l_%aJx_l_aJy_i_an:
ot ¢> dt dx «c¢° 9t dy 0z

ero

where applying Jx = pux with ux constant we get
dp 0dJx dJy dJz _

dp wuxdp 9dJx v dpux) 9Jy 9Jz
LIl = S 8.12
or @ or ox @ o oy 9z T Tax Tay T

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

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

I I TR K K'+(i—v—/ij(fx'+ ’v')+aj,y'+ajlz'—zero
JK'ax' K’ c? c¢? ot p ox' ¢’ ot p 2y’ 07

making the operations we find

' ' ' 12 ' oo ' ror ' ror ' ' 12 ' rar "ot
_v8p+8_p+v_ap+vuxap dJ'x" v'dJ'x v8p_v_8p+8Jy+an:ZerO

+ +
ox' at ¢ ot ¢ o9t 9x ¢ ot ax'  ¢> a9y 07’

that simplifying supplies
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aJ/Zv_

dp +vux8p+a.]x_v_8]x 0J'y

2 = zero
at’ c© adt'  dx' ¢ ar 2y’ 07
where applying J'x'= p'u’x" with u’x’ constant we get
ap LY uzx ap +8Jx _v_za(pu x)+aJ y +3J z :Zem:ap +8Jx +8J y +3J z
ot' ¢c® dt'  dx' ¢ ot 0y’ 07’ or'  dx' dy' 0z
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’
0Ex OEy OEz OE'xX’ OE'y OE'Z '
f Y P 8.13 AR e £ 8.14
ox dy Jdz g, ox dy a7 g,
an+aBy+aBz:0 815 an+aBy+aBZ _0 816
ox dy 0z ox' 0y’ 07’
OEy OEx 0Bz OE'y’ OE'x’ 0B'Z
— =— 8.17 —= = 8.18
ox dy ot ox dy ot
0Ez OEy 0Bx OE'7" OE'Yy' 0B’ x'
= 8.19 = 8.20
dy 0z ot dy oz ot
JEx OEz OBy OE'x' OE'Z oB'y'
- == 8.21 - == 8.22
dz  Ox ot 07’ ox' ot'
0By 0Bx Z oB'y" O0B'Xx E'7
——-——=U,Jz+E N, — | 823 - =W, J 7+E N, 8.24
o ay o 3 o oy © Mo or
0Bz OB 0Ex OB’z OB’y y OE' x'
2o e, S | 825 = y =u,J x+e U, —— | 8.26
dy 9Jz d dy 0z ot
0Bx 0Bz 'y OB'x'" 0B'Z7 E'y'
- = oJ TEH, 8.27 - = o‘]' ’+80 0 8.28
dz  ox yrEH d oz’ ox' Mol Y e M o’
Without electrical charge p =p’'= zero and J=J'=zero
To the observer O To the observer O’
aEx+aEy+aEz:0 629 OE' x +8Ey +8Ez P 6.0
ox dy 0z ox' 9y’ oz’
an+aBy+aBz:0 831 OB’ x +aBy +aBZ _0 g 30
ox dy 0z ox' 0y’ 07’
OEy OEx 0Bz OE'y" OE'x’ 0B'Z
——=- 8.33 —— = 8.34
ox dy ot ox dy ot
0Ez OEy 0Bx OE'7" OE'Yy' 0B’ x'
- == 8.35 = 8.36
dy 0z ot dy 0z ot
JdEx OEz OBy OE'x'" OE'Z OB’ y'
——=- 8.37 — = 8.38
dz  Ox ot 0z ox ot
dBy dBx _ u 0Ez 839 oB'y’ dB'x' _ e 1l OE' 7' 8 40
ox dy 7 ot ' ox’' ay' 0o '
E)Bz_aBy_}3 " OEx 6.41 0B’z dB'y' _ep OE' x' 6 42
dy 0z 7 ot ' 9y’ o7' ot '
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E)Bx_aBz_Su OEy 643 E)B'x’_aB'z’_SllL OE'y' 644
dz  odx "7 ot ' dz’ ox' 7o '

1
EN, =— 8.45

c

We demonstrate the invariance of the Law of Gauss in the differential form that for the observer O’ is
OE'x' OE'y' OE'Z '
foZ Y o P

ox' 9y’ 7 €

8.14

where replacing the formulas from the tables 6, 7, 9, and 1.18, and considering u’x’ constant, we get
0 v 0| Ex vux| 0| Ey v\ vux) vBz
—tS—|=|l-—F |t | =1+t |-——F—= |+
ox c¢?or |JK c dy _\/? ¢ < JK

0 { Ez (] v’ vuxj vBy_ B K

e e k)T

+
2

v: dEx
making the products, summing and subtracting the term ———, we find

c” ox

aEx_'_laEx_vux 8Ex_v2ux 8Ex+aEy+ﬁaEy_vux 8Ey_vaBz+
ox ¢> ot ¢ ox ¢ 9t dy c¢*dy ¢ 9y dy
+8Ez+ﬁ8Ez_vuxaEz+vaBy+ﬁaEx_ﬁaEx:pK

dz ¢* dz ¢ oz dz ¢’ ox ¢ ox €

o

that reordering results

v’ (QEx ux JEx 0Bz dBy I OEx OEx OEy OJEz v’ ovux) pK
o T ) -— = + 2+ I+—-—|==

c’ dy dz ¢’ ot dx dy 0oz ¢’ €,

where the first parentheses is 8.5 and because of this equal to zero , the second blank is equal to

vpux L
- v(qux) =—VU pux =— - gotten from 8.25 and 8.45 resulting in
€ C

o

2 2
(aEx_i_aEy+aEz](]_'_v__%j:ﬁ(]_i_v__vux)_ﬁvux_i_ﬁvux
8()

dx dy 0z &’ €, & 7 )e, ¢’

0Ex OEy OE
LY R P
ox dy dz g,
that is the Law of Gauss in the differential form to the observer O.

from where we get 8.13

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:lE/xv[l-i-vluvxlj—i_i Evyl ]+ﬁ+vlu1xl +vIBIZI N
ox' ¢’ ot |JK' c’ dy'| VK' c’ c’ VK’
+i EvZI ]+ﬁ vluvxl _levyv _pl [Kv
azv [K, 2 2 /K, e

12 a ror

c c .

. . , E' x
making the products, adding and subtracting the term —- o
c X

, we get
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OE'x’ Vv' OE'x’ v'u'x'0E'x’ v7u'x'0E'x’ OE'y v’ OE'Y v'u'x' oE'Y
— + + +— + +

w2 ar 2 o ¢t ar 9y 2y oy
+v'aB’z’+aE’z'+ﬁaE'z’+v’u’x’ oE'z v'dB' y ’ OF' '_ﬁaE’x’_p’K'
ay' iz ¢’ of S 4 o7’ c2 ox ¢’ ox €

o

that reordering results in
vZ2(0E'x u'x'OE'x' (0B'z dB'y 1 JE'X
T2 ' + 2 ' v ' - ' T2 ' +
ox ¢’ ot dy 07 ¢’ odt

roar " "t 12 "o B 7
+(8Ex+8Ey+aEz J(H_v__i_vuxJ:pK

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

v! !u!x!
V' (uoj’x') VL p'u'x'= P_Z gotten from 8.26 and 8.45 resulting in
€

o

8E'x’+aE’y’+a 7 H_g_i_v’uz’x’ :ﬂ, H_é_i_v'uz'x' pyvux pviu'x
ox' ay' a7’ c c €, c c g, c g, c
aEH ' aE! ] aE! ’ ]

s + Y + < :& that is the Law of Gauss in the differential form to the O’
ox' dy’ 07 €

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 Vv’ 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 ctg, therefore cty = ctc
and ty = tc, because c is the speed of the constant light, and ty and t¢ the time.

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
ct’y = ct’'c and t'y = t'c because c is the speed of the constant light, and t'y and t'¢ the time.

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

|V| t v 2vux

==t 1.15
|v'| t & <

|V'| t \/ v 2v'u'x'

el T 1.20
|v| t c c

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

t':t(l—zj 9.1 t:t'(1+1j 9.2
C C

, 1% 1%
V=—0o 9.3 V=" 9.4

&
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When the origin of the observer O’ detects the unclockwise ray of the observer O, will be at the distance
vt. =V't', 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:

27R
cty +vt, =2MR =t = 9.5
c+v
27R
ct' A2V, =2TR =1t = 9.6
c+2v

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

2U

27R
Cltye =2TR+Vt, . = t,, = 9.7

c—Vv

27R
ct) e =2MR=>1t, . =—— 9.8
c
The time difference to the observer O is:
27R 27R 4TRv

At=t,. —t, = — = 9.9

c—V c+v CZ—VZ

The time difference to the observer O’ is:

., , 2mR  2mR 4RV
At'=t,.—t'.= —~ = 9.10
c  c+2v (c+2v)c

Replacing the equations 5 to 10 in 1 to 4 we prove that they confirm the transformations of the Undulating
Relativity.

§10 Explaining the experience of Ives-Stilwell with the Undulating Relativity

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

A= A and A= ad , 2.21

v 2vux v 2vu'x
1+—-—"——=

2T 2 I+t

C C C CZ

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

A= A and kz—)h 101

-

If the observer O, who sees the observer O’ going away with the velocity v in the positive way of the axis x,
emits waves, provenient of a resting source in its origin with velocity ¢ and wave length A, in the positive
way of the axis x, then according to the equation 10.1 the observer O’ will measure the waves with velocity ¢
and the wave length 7\,',) according to the formulas:

Ap

()
C

k’Dzk—F and A, =

-]

10.2
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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 7\,'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 7»A according to the formulas:

X'F:—}LA and A, =—}LF, :
GG
c c

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

10.3

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

, , 2
x:kD-l_?\‘A _1 )LF +)\,'F(]—£) :XZKD—H\‘A: 7“F |:]+(]_Xj j|
2 2 (]—V) ¢ 2 z(z—v) ¢
c C

We calculate the diffrence between the average wave length A and the emited wave length by the sources

AL=A—A,:

_ A 2
AA:A—AF—F{H(I—K) }xF
2(1—VJ ¢

c

(-2)
B 2
AR=tr 1+(1—1) —z(z—lﬂ
2[1—")- ¢ ¢
c
Y A [ v, v v
AL= I+1-2"+—5-2+2~
2(1_\/)_ c C C
c
— 2
An=_1 %fz_ 10.4
_v c
(-2)
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 —Vv’ in a negative way to the axis x’, emits
waves with the frequency y’' 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

12
y=y,1-X 2.25
c
12 2
For u'x'=—v" we will have ux=_zero and ,/I—V—Z , /1+V—2 =] with this we can write the relation between
c c

the transversal frequency y=1y, and the source frequency y'=y’, like this
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y—F 10.5

Y= N~
,/1+c—2

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

the source wave A,

2
A=\, /1+z—2 10.6

The variation of the length of the transversal wave in the relation to the length of the source wave is:

2 2 2 A2
AN, =N, N, =N\, ,/]+;—2—k’F =\, (,/H;—Z—JJEM (1+2V7—1)57FZ—2 10.7

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

Applying 10.7 in 10.4 we have
= AL
AL = L

(=)

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

10.8

2
A =N, (1—1) 10.9
c
. v Ay
And from this we have the formula of speed —=1— T 10.10
c D

Ap=Np=yA, Ny 10.11

Applying 10.10 and 10.11 in 10.6 we have

2
A, =AM, \/J+[1— /;:—Aj 10.12
D

From 10.8 and 10.12 we conclude that 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:

Flii'= 77—~ 11.1

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

d d d d

Fx:—px :_(mux) _an ux+m—ux 11.2
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
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dm 1 dE
The formula of energy is E = mc’ from where we have — = —-— 11.4

d ¢ dt

2

dE - ~ . Ux
From the definition of energy we have 7 = F.u that applying in 4 and 3 we have Fx=F.u— 11.5
t c

Applying 5 in 1 we heve:

Fii—(Fa)™

Flii'= ¢

Vux
J—
(-]

From where we find that F'ii'= F.i o

dE' dE
r—=—— 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:

x _dx_ y _dy z _dz

CEoSUN T = =uy, == Uz 1.13
t dt t dt t dt

x dx Tody' "ood7

—:—:u'_x',L:_y:u'y"iz_zzu'z’ 118
' dr ' dr t t

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=Ex'+Ft' 12.2

With the respective inverted equations:
. -B
x'= x+ t
AF — BE AF — BE

12.3

. -E A

= x+ t 12.4
AF-BE  AF-BE

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

We know that x and x’ are projections of the two rays of lights ct and ct’ that spread with Constant speed c
(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.
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We should rewrite the corrected equations (E = zero):
x=Ax'+Bt' 12.6
t=Ft 12.7

With the respective corrected inverted equations:

., x Bt
X=——-— 12.8
A AF
,
t'=— 12.9
F
If the spreading happens in the plane y’ zZ’ we have x’ = zero and dividing 12.6 by 12.7 we have:
x B
—=—=V 12.10
t F

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

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

x' B , B
—=——=-Vor—=v 12.11
t A A

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 negative way because the signal of the equation is negative.

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

X’ =t =x =’ 1.6
Applying 12.6 and 12.7 in 1.6 we have:
(Ax'+Bt’)2 —C’Ft? =x"-c’t"

From where we have:

2 '
(Azx,2 )—Czt'z {FZ B 2ABx } — 22y

2 2
c ct

B> 2ABY
where making A% = 1 in the brackets in arc and {FZ -

2

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

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

B® 2ABx B® 2By
Appllying A =1 in {FZ -— - 2x}=1 we have F2=]+—2+ 2x 12.12
c c’t c c’t
, . B B ,
Appllying A =1in 12.11 we have Z=7=B=v 12.11

That applied in 12.12 suplies:

12 ot
/ v 2V x

F = ]+—2+T:F(X',t') 12.12
c c’t

as F(x’, t') is equal to the function F depending of the variables x’ and t'.
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Applying 12.8 and 12.9 in 1.6 we have:

2 2
x2—02t2=(£—ﬂj _cz%
A AF F

From where we have:

2 2
2 2.2 by 5.0 1 B 2Bx
X =ct = —|-ct|—5— +
bJ {W A’C’F?  A’c’Fi
B’ 2Bx

1
where making A® = 1 in the bracket in arc and {— }zl in the straight bracket we

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

. | B’ 2Bx
Applying A=1and 12.10in | — =1 we have:

- +
F? A’C’F?  A’C*Ft
I
2
v 2vx
Ny
¢t

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

F= = F(x,1) 12.13

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

2
1 2! ’
K'=l+—5+2 " = F =K 12.14
c ct
vi o 2wx 1
K=l+———F=>F=—+ 12.15

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

v!2 2vrx! 3

12.16
vi o 2ux
-

Thus:

\/I+é—2—¥x'\/1+§+2vﬁzl or VK VK =1 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=Fr 12.7

With the respective inverted corrected equations:

x'=x—vt 12.8

gt 12.9
F

28/96



We have the equations 12.6, 12.7, 12.8 and 12.9 finals replacing F by the corresponding formulae:

x=x+v't' 12.6
' 12 2V/xv
t=t'\[1+—5+—; 12.7
c ct
With the respective inverted final equations:
xX'=x—vt 12.8
, v 2wx
=t I + —2 ——2 12.9
c c’t
That are exactly the equations of the table |
B ! H y v' /
As v :F and v'= B then the relations between v and v’ are v :F or vV'=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+2v2)f _ ]+(sz) +2vF(x vt)
c c’t c 2

t
C -
F

22 2 22 2 22
F=\/I+VF +2vxF _2vF :\/]+2VXF v'F

c’ c’t c’ c’t c’
2wF? V'F? V2F?  2uxF? 1
FP=l+"—F———— =2F'+—F—-"S—=I=F-=
c’t c c c’t ; v: o Dvx
toT
& 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:

Fe 1 _ 1 _ 1
2 ' 2 ' ' 1 12 [ 12
etz () ey 2vx 2
¢ c’t A\ F c’FFt' c’F° ¢ tF° c¢°F
] 12 2 r 12 2 r
F= = F|l-———-—" == F= 1+ + 2
\/] V2 2V x' c’F2 ctF c c’t

CZFIZ Czt, FI2
That is exactly the equation 12.12.
We have to calculate the total diferential of F(x’, t') (12.12):

dF =9 4 OF 4y
ox’' ot
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as:

oF 1 Vv oF 1 Vv X
—,:—T and _;:__T,_; 12.19
ox K' ¢t ot K ct't
we have:
] ! ] ! !
dF = ————dy'—————"dr
K' ct K ctt
where applying 1.18 we find:
I v 1 "dx
dF = dv—————"dr=o0 12.20
K' ct 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 t
as:
oF 1 v oF 1 v x
=5 5 ad ——=——F o — 12.21
0x 2t ot ettt
K? K?
we have:
1 v 1 v x
dF =—3—2dx——3—2—dt 12.22
= c't ~ctt
K? K?
where applying 1.13 we find:
1 v 1 v dx
dF =———dx————dt=o0
3%t 3t 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.

At 1.2 y=2=% 1.4
t t
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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 ty, the ray of light hits the point A; with coordinates (x4, y1, 21, t1) to the
distance ct; of the origin of the observer O, then we have:

2
t,=t, [1+¥—

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 + Y2, Z1 + Zo, 1 + 15) to the
distance ct, to the point A4, then we have:

X, X 2 2vx 2 2vx / 2
£=ﬂ:ux:—1:—2:ux: ]+V_2_2_1: ]+V_2_2_2: ]+V_2_2V_IZ/DC
t o dt t, t, ¢ cty ¢ c't, c c

and with this we get:

2 2 2 2
¢+t =t, ]+v__2vx, o, 1+ ZV”x:(t1+t2) ]+V——M:(t,+t2) ]+V__M
& c At +ty)

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.

0, 0, 0=0 0, x=x'

'
t=t = zErO
In the figure the angles have a relation Y=¢'—¢ and are equal to the following segments:

Osto O=0' isequalto 0=0" 100y (0,0 ,=vt,=V't’,)

O,to Oyis equalto 0’1 to O, (0, >0, =v(t, +1,)=V'(t',+t',)—>vt,=v't,=0, < 0,+0',<0',)
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And are parallel to the following segments:
O, 10 A, is parallel to O to A,
O’> to A is parallel to O’4 to A,

X =X"lisparallelto 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_yv
X' cosd—v/c
ux v _ c2 c = cosd'= 2¢
2vux /]+v7_2vgtx \/]+ 2Vcos¢
c c ¢’ ¢
c0s¢—v/c
cos =——"—— 12.23
¢ VK
And with this we have: sen¢'= seng 12.24
VK
u'x v
"X+ A c0s¢’+v’/c
ux= UX+Y = = ‘; < =cosh=
\/I+ : ZVI/;X c \/]+\/'2+2VL;)C \/ 2v
c c c c ¢’ ¢
cosd'+v'/c
cosq):q)—_ 12.25
K!
N sen®'
And with this we have sen(=——= 12.26
K/
The cosine of the angle y with intersection of rays equal to:
VUx viu'x'
1-—= 1+ 2 1- ccos(b ]+ccos¢
cos\y = = = = 12.27
VK VK’ VK VK’
And with this we have: seny= vsend _y' seng 12.28

Cx/f_c K’

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

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

12 o
«/fz +——M nd vK'= +v_+ 2v'x are considered variables and are derived.

¢t it c? o2t
1 00 —y
vx Vux
o T 0 10 0 1-
o ) v g (I+V__ﬂj J_ i
| VK JvK ¢’ it
1 00 V' .y L
Javx g vu'x
cosy=J'= ox' _ 0ley.zt) _ 8 é? 8 __ c’
W_ - T o) - —, : 8.8
ot AWy /e 001 (]+ﬁ+ﬂj ‘ e
|«/K' «/f'k ¢t ot



§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:

where m, is the mass of the sphere when in resting position and u = |b7| =+/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’ Esphere S’,
ufxljzvf uflez_vf
u'y',=zero u'y',=zero
u'z',=zero u'z',=zero

For the observer O the same spheres are named S; and S, and have the velocities
(ux], 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:

., = u'x',+v' _ V+y _
1_ - - -
12 ZV'M’X' 12 2 1o 3 '2
\/]+v2+2 S E e e Y U
C C C C C

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

V= v = v = Vv

2 2vlu1xv 12 2 [ 3 12
v 1 \% vy 1%
\/]++ \/]+2 +5= [+

2
c? c? c c c

That applied in ux, supplies:

ux, =2 L'z =2v
1+

2
C

The velocity ux, of the sphere S, is equal to:
u'x',+v'

ux, = 2 2yv'u'x' = _2V+2Vr( ;) =zero
! vux ! vi—Vv
\/]+V2+2 2 \/]+V2+2
c C c C
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Table 2

Sphere S; Sphere S,

Uux, :—]2v3v' =2v wx, = zero
T

uy, =zero uy, =zero

uz, =zero uz, =zero

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

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

— ' ’
my=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, +myux, =(m, +m, )w

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

masses united (m=m1 +m2) moving. As the masses m; have different velocities and the masses vary

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

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

u=ux,=2v

m m m m

T

U=Ux,=_zero

m; =

m m m

0 o 0

\/1—(“22 :\/1— (“xg r :\/1—(”’;0)2 B

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

m,=

u=w
m{) m{) m()
T [ )
w
\/] MT \/1— WZ \/I 2
c c c
m m m

Applying in the equation of conservation of momenta we have:

mux, +m,ux, =(m, +m, )w=m,w+m,w
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2v+m,. w

M - 0= o =W+ o -
4y w w
,/]—— ,/]—— ,/]——
c? c? c?

From where we have:

2m0v2: 2mow2:> v _- w :
4y \/ % \/ 4y \/ w
- - - 11—
\/ c? c? c? c?
w=—=>Y _ -
3v
]_7
c2

As w#v for the observer O the masses united (m=m1 +m2) wouldn’t move momentarily alongside to the

observer O’ which is conceivable if we consider that the instants Ar# 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 m m 2m,w
- 2y +m,. 0=——=w+——=w="""
2 3 ' 2 2 2
J+2Y w w w
, c? T2 T2 T2
g1 2v ¢ ¢ ¢
2 ]
c ]+3\2/
c
2my' 2myw

2m,v' _ 2myw

' _ 4 \/ w
1+~ 11—
\/ ¢ c’?
2m,v' 2m,w

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

2
-3
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.
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§14 Velocities composition
Reference — Millennium Relativity

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

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

Y= x—vt2 . = x+vt2 s
]_% Jda ]_% oa
c c
Y=y 14.1b y=y 14.3b
7'=z 14.1c z7=7 14.3c
1= '+
=== 142 | 1=——== 14.4
-y =Y
c? c?

From them we obtain the equations of velocity transformation:

U x'=UX=v =4 x-l-,v,
]—vux 14.5a U x 14.6a
cZ cZ
V2 2
uy ]—72 uy ]—7
uy=—>+—<_ 1450 | yy=—-—X— | 146D
]-Yux Jyux
2 2
c c
2 2
uz‘/]—vfz u'z ]—V—2
wz=—>31 ¢ 14.5¢ uz=——"—->5— 14.6¢
]_% ]+vu2x
c c

Let’s consider that in relation to the observer O’ an object moves with velocity:
u'x'=15.10° km/s(=0,50c).

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:

"o 5 5
= WXV _ 1510+ 15 10" 5 4 105 10/ (=0,80¢).
Javu'x 15.10°.15.10°
2 1+ >
¢ (30.10°)

Where we use ¢=3,0.10" km/ s(=1,00c).

Considering that the object has moved during one second in relation to the observer O (t:],00s) we can
then with 14.2 calculate the time passed to the observer O’:

5 5
- t(]_m) ],00(1_1,5.10 .2,4.10]
2 _ 060

PO Y -V o0’y —1'=0,693s .
P ey
¢ ¢ (30.10°)
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To the observer O the observer O’ is away the distance d given by the formula:
d=vt=15.10".100=1,5.10" km .
To the observer O’ the observer O is away the distance d’ given by the formula:

0,60
NO75

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

d'=vt'=15.10" =1,03923.10° km .

d,=uxt=24.10".100=24.10° km.

0° 0,60

NO75

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

d,=u'x't'=15.1 =1,03923.10° km .

Ad=d, ~d=24.10"-1,5.10"=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'=t‘/1—v—2 is only possible and exclusively when ux=v and
c

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

t(]—vcosq)) t'(1+vcos¢')
r=——riet | 142 | 1= " | 144
=Y =Y
2 2
c c
Where cos¢=-> and cos¢'=>-.
ct ct'
The equations above can be written as:
'=f(t,0)et=f'(t0) 14.7

In each referential of the observers O and O’ the light propagation creates a sphere with radius ¢t and ct’'
that intercept each other forming a circumference that propagates with velocity c. The radius ¢t and ct'
and the positive way of the axis x and x' form the angles ¢ and ¢’ constant between the referentials. If for
the same pair of referentials te angles were variable the time would be alleatory and would become useless
for the Physics. In the equation #'= f(¢,0) 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',¢’).
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Dividing 14.5a by ¢ we have:

Comxy coso—7
UX = € C—cosy=——F. 14.8
I 1-Ycos

c c

’ ’ ’
Where cos¢p="=2=H4% angd cos(b':L,:M.
ct ¢ ct' ¢

Isolating the velocity we have:

y _ (cos¢—cos¢) o v ux—u'x, (49
¢ (I-coscosd’) AUE
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
y1 1010 0 |y
| 000K |1
That written in the form below represents the same coordinate transformations:
X' 100-v/c| x
y 1 |010 O y
2 Floo1 o |z 15.2
ct'| {000 \/? ct
We call as:
x' X! 100-v/c X x!
. ' 12 . 2
xX'=x'"= y, =Y, a=o;= 8(1)(1) 8 , Xx=x'= Y= x, 15.3
Z X Z X
ct'| |ex'® 000 VK ct| |ex?
That are the functions x"=x" (x7)=x" (x',x2,x% ,cx*)=x" (x, y,z,ct) 15.4
That in the symbolic form is written:
4
X'=a.x orinthe indexed form x" =206ijx’ =>x"'=0,x’ 15.5
=1
Where we use Einstein’s sum convention.
The transformations to the space and time of table I, group 1.4 plus 1.8, in the matrix form is written:
X 100 v || x
y|[ 010 O |y
Z171001 0 | ¢ 15.6
t] [oooVK | ¢

That written in the form below represents the same coordinate transformations:
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X 100v/c|| x
y| 010 O |y
z|71001 0O | 2 15.7
ct| [000VK'|[ct

X x! 100v/c X' x!
2 ' 12
x=xt=| Y |= Y, a=ay= 0100 , x=x"= Y |= *, 15.8
z| | x M=001 0 7| X
ct| |ext 000K’ ct'| |ex'®
That are the functions x* =x* (x" )= xk (x" X2, x" ex' )= xk (x',y',z',ct') 15.9

That in the symbolic form is written:

4
x=@'.x" or in the indexed form x* :zoc’kl ' =t =o, x! 15.10
1=1

1 12 1ol
22X (1.7), VK = 1+ 2 (1.8) and VK VK =1 (1.10).
C

cx crxt

2
Being JK = 1+V—2—
(&

The transformation matrices & = &; and &'= &', have the properties:

4 100—v/c||100vV/c 1000
, , , 010 O 010 O 0100 1
= 000 VK |000K'| [0001
4 1 00 O 1 00 O 1000
roar . , | 0 100 0 10 0 | |0100|_,_ <j
oo —aﬁalk—Zaﬁaik— 0 010 0010 |[Flooto=I=5 15.12
=l —v/c00VK | v/c00JK' | 0001

Wherea' = &, is the transposed matrix of & = ¢; and " = &', is the transpose matrix of &'= &', and
0 is the Kronecker's delta.
100v/c||100-v/c| [1000

4
, . , 010 0 j010 O 0100 k
aa=ayo;=) aui=001 0 = =1=5]

001 0 0010 j 15.13
= 000K 000 VK | [0001
) 1 00 0 1 00071000
, , , 010 0 0 10 0 0100 /
atatza'lkaﬁ=2a'lk(lki= 0 01 O 0 01 0 20010 :I:é‘i 15.14
k=t Vv/c00VK | —v/c00K | {0001

Where @ =, is the transposed matrix of &'=¢a',, and @' =« is the transposed matrix of & =«

and O is the Kronecker’s delta.

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

The partial derivatives == of the total differential dx'i:ai.dxf of the coordinate components that
ox’ ox’
correlate according to x"=x" (xf), where in the transformation matrix & =¢; the radical VK is

considered constant and equal to:
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Table 10, partial derivatives of the coordinate components:

o' _ox' _ o' _, o _,|ax! _, | oxt_ v
ox’ ox’ ox! x> o’ ox* c

ri 12 12 12 12 12
ox"' _ox'° _|ox —0 ox iy ox p ox —0

ox’  ox’ ox’ ox’ o | ox?

a/i 8/3 8/3 ay3 ay3 av3

2 a0 = | o =0 o =0 5 = |5 =0
a ri a 14 8x'4_ a 14 a 14 ax|4_
2 a0 = 0 |50 50 =0 ax =VK

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

dx'" 100—v/c] dx'
dx'2 _ 010 O dxz
dx? 71001 0 dx’
cdx'* 000 \/E cdx*

That we call as:

dx'! ; 100—v/c dx’!

) 2 . ' 2
dx'=dx' = dx R , A:Al :aL: 010 O , de=dx’ = dx3
cdx'* 000 VK cdx*

4 T )
Then we have dx'=Adx=dx" = ZAjdxj =dx" =idx’
= ox/

: _— ox* , , K _O
The partial derivatives ==— of the total differential dx* =

ox" o

15.15

15.16

15.17

k
x,l dx'" of the coordinate components that
X

correlate according to x* :x"(x'l), where in the transformation matrix a'=«',, the radical v K'is

considered constant and equal to:

Table 11 partial derivatives of the coordinate components:

ox‘ _ox' _ | ox' _J ox’ —0 ox’ —0 ox' _v'
ax/l ax'l ax'l axfz axd ax'4 c
ox* _ ox? _ ox’ —0 ox’ _J ox’ —0 ox’ _
ax/l ax/l axy] ax/Z axy3 ax/4
k 3 3 3 3 3
axlzaxl: axlzo 8x2 —0 8x3 —J 8x4 —0
ox""  ox' ox’' ox’' ox’ ox’'
oxt  ox*  |ox* 0 ox* —0 ox* —0 ox* JK'

' ox’ N ox?  |ox® | ox* B

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

dx'! 100v/cl dx'"!
dx2 _ 010 O dx'2
dx® 71001 0O dx"”’
cdx* OOO\/E cdx'*

That we call as:
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dx! L 100v'/c dx'!
2 12
dx=dx" = 213;3 ,A’=A’lk—%= 8(1)(1) 8 , dx'=dx'' = Z§,3 15.19
cdx* " 000\/? cdx'*
. _ ] 1 1k 1] a.x 1]
Then we have: dx=A'dx'= dx* ZA dx'" = dx* = =3 dx 15.20
The Jacobians of the transformations 15.15 and 15.18 are:
8( ) 100—-v/c¢
X X ,X ,x ,x
000 VK
. E)(l 4 4) 100V /¢
ox _ dwox v, ) 01001 i 15.22
o' ol X%t xt 001 O
000K

(2.5), VK'= 1+—+2v”x

(2.6) and VK AK'=1 (1.23).

Where JK = 1+——2V”x
C

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

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

8¢ 8¢ ax described as:

Nave OxT ~ ax* ox’

0¢ _ 94 gxt _ 94 9x'  9¢ 92 + 0¢ ox3 , 99 ox*
ox''  Odxk ox''  ox! dx" Ox2 ox" dx3 dx'" Jx* ox"
0¢ _ 99 oxk _ 99 9! + 9@ Jx2 + 0@ 3 + 0@ x4
0x'?  oxk dx'2 OJx!' dx'2 0x2 dx'2 0x3 dx'? Jx* dx'"?
0¢' _ 9¢ oxk _ 99 9! + 9¢ Jx2 + 0@ ox3 9@ ox*
0x'3  Ox* dx'3 OJx!' dx'3 Ox2 dx'3 Ox3 dx' oJx* dx"
0¢ _ 99 oxk _ 99 9! + 9¢ Jx2 + 0@ 3 +8¢' ox*
ox'+  oxk dx'¢ oJx!' dx'¢ Ox?2 dx'¢ Ox3 dx'4 OJx* ox'

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

_axl ] ox! _ ox! -0 ox! . |
= = = =y
ox'! ox'? o’ ox?
Jox? ox? _ ox? o ax?
9 | 9 9 9 9 | |3 9 2 9 |’ w?w?
ox'! | ax! ax'? ox'? ax'? ox’ 9x? ax’ ax? ] ﬁz() o’ -0 o’ =] o’ -0
ox'! ox'? ox'3 ox'?
ox? Y ox? _ ox? -0 ox? _ 1 (]: V2 lv’u’x’lj
aw! Ak aw? o’ ax? x/FL 22 )

Where replacing the items below:
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%
oX _—_V_
x!4 R
ox* __1 (1, v? v'u’x'ljzax'4 _1 (1, v2 vuxlj
ox'* \/Fk c? c? ox* \/?k cr 2

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

We get:
o’ _7 o’ _ ox! _ o’ _v_
ox'! w? o’ aw? VK
. ox’ ox’ _ ox’ -0 ox’
ﬂ{ 9 9 3 2 H 3 9 9 9 |ow!  aw? o

o' Lav! ax? ow3 ax ox! ax? ox? ox? | o -0 o’ -0 o’ -7 o’ -0
ox'! ox'? ox'3 ox' (
oan? v ot ot ox? 1 , v vux!
== =0 0 14 62 >

ox'* :\/EL

c

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

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

9¢' _9¢' ox"
ox’/ ox" dx’

have described as:

0¢' _ 0¢' gx'i _ 9¢' ox" + 9¢' 9x'2 + d¢' 9x'3 + 9¢' 9x'+
ox' oOx'" dx' ox' dx' ox'2 dx! ox'3 dx' Ox'4 ox!
0¢' _ 9¢' ox'i _ 9¢' gx" + 9¢' 9x2 + 09’ 9x'3 + d¢' 9x'4
0x2 oOx' dx2 Ox' dx2 Ox'2 dx2 Ox'3 dx2 Ox'* ox?
0¢' _ 0¢' gx'i _ 9¢' 9x" + 9¢' 9x2 + 9¢' gx'3 + d¢' 9x'4
ox3 Ox' dx3 ox' ox3 0x' dx3 Ox'3 dx3 Ox'4 Jx3
0¢' _ 9¢' ox'i _ 9¢' gx" + 9¢' 9x2 + 09’ 9x'3 + 99’ 9x'4
ox4 ox' dx* ox'l dx* Ox'2 dx* Ox'3 dx* oOx'* odx*

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

_ax’l ] ox! o’ -0 ox! |
= = = -y
ox! ox? ox’ ox?
] M= ax12 _ ax12 0 ax;Z 0
9 | 9 9 9 3 || 9 2 9 9 |af w? o aw af
ox’/ [ ax! ax? ax® ax? ox'! ox'? ax'3 ax? ] M:O o’ -0 o’ =] o’ -0
ox! x> ox> ox*
ox'* —v o -0 ox'? _ ot 1 (]: v vuxj)
R RN i M M R x/EL 2 )]

Where replacing the items below:

axfl o -
ox* VK’
ox'? —y —'
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Observation: this last relation shows that the time varies in an equal form between the referentials.

We get:
ox'!
ox! ! ox? ’ x> ’ ant VK
fa? = =0
9¢ | 9 9 9 9 || 9 9 9 9 |o e S o
ox/ _L)x] ox? ox” ox* }_[ax’] ox'? ox'? ox'? | ox"’ -0 o’ _p ox’ -7 ox'? =0

ox! ox? ox’ ox?
ox'? -V ot ax? 0 ot 1 (1' y'2 ) v’u'x’IJ
oxl ¢? ox? x> nt VK l c? l ¢?

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:

Table 9B, differential operators with the equations 8.3 and 8.4 simplified:

d _0d LV 0 d _d v 0

ox'l dx' c¢?ox* 8.1 ox! 9dx'! c¢?ox'* 8.2
Jd _ d d _ 9

ox'2  ox2 8.1.1 | gx2 ox'2 8.2.1
2 _ o 0 _0

ox'3  ox3 81.2 | gx3 ox3 8.2.2
—0 _ —J -0 _ /7 —0

cox'4 _\/Ecax“ 8.3B | cox* _\/_cax"‘ 8.4B
%+—tle ai4 =zero |85 83'1 +”,C)g,1 8)(3'4 =zero | 8.5

The table 9B, in the matrix form becomes:

15.23

1
{aaa—a][aaa—a'o
= 0

ox'' 9x'? 9x"* cox'* - ox' 9x? 9x* cox* |

{888—8}_[8 d d -0 15.04

1
0
ox' ax? ax® cox* | [ ax' ox'? o 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!
d¢ ¢ 09  , 99 5 0P 4 |:a¢ d¢ d¢ a¢} dx?

d\x* |==—-dx* ==L dx' + =L dx* +—Lodx = dx* = 15.25
¢(x) ox* * ox' * ox? * ox? * ox* * ox' 9x? 9x® cox* 5?3
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:
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1 00 0 [100v/c] dx"
Jo99 [0 9 9 0 0 10 0 010 0 | ax?
¢_axk X = axll ax,2 ax!3 Caxf4 0 01 0O 001 O dx'3
~'/c00VK' |000VK' | cax*
The multiplication of the middle matrices supplies:
100 0 Jroowse] | 5 90 Ve
0 10 0 0100_001 0
0 01 0 (001 O |~ 2 d’!
/004K 000K | | =v/c001+7
Cc ax
Result that can be divided in two matrices:
1 00 Vv/c¢ 0 00 v/c
0 10 0 (1)(1’88 0 00 0
0 01 = + 0 00 O
2vvdxrl 0 0 1 0 2v/dxvl
—v'/c001+ — 0001 —'/c00 7
dx' dx’'
That applied to the total differential supplies:
1000 8 88 Vgc dx"
d¢=%dxk=[a 9 9 9 } 0100|.1 o 00 o dx'?
ok o' ax'2 ax”? cox'? 0010 20 dy’! dx
001 V,/COO 2d T Cdx'4
Cc ax

Executing the operations of the second term we have:

0 00 v/c dx'!
999 3 0 00 o |&® | v a0
1N 02303 14 ol dx T 2 g TV oTrax
ox'' dx'* dx'"° cox ) 2 dx X ¢’ ox ox
00 e e

Where applying 8.5 we have:

V' a dx'! v( 1 dx"! a 14 2v' dx'! a 14 _
—————dx'1+v x4 4 dx'4=zero
c2 ox'4 \ ez dx't ox' c? dx'4 ox'4
Then we have:
0 00 v/c dx'!
0 00 0 ,
|: a a a a :l 0 00 0 dxﬂ =zero
ox'' ox'? 9x'* cox"* 2wyt | dx”
—VI/COOﬁ cdx’4
cdx'

de'l 0

CZ dxl4 ax!4

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

39 35 5 s 1000 dx’; y
_99 ok _ 0100 dx' =_’ " g
d¢_axk dx |:ax/1 axy2 ax/S cax"‘} 0010 dx’3 axyl dx d¢
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In the observer O’ referential the total differential of a function (/ﬁ(x"') is equal to:

xrl

d¢r (xli ):a_¢’_dx'i =%dx’l +%dx12 +%dxr3+ﬂdxr4 =|: a¢’ a¢, a¢, a¢’ :| dx:j 1532
ox'’ ox'! ox'? ox"? ox'* ox'' 9x'? 9x'* cox'* CSC .
cdx

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

) 1 000 J100=v/c] dx'
,_0¢' ,,[aaaa}omo 010 0 | gx?

d5=99 gei_| 9 0 9 15.33
/ ox'’' ox! ox? ax® cox* 001 0001 0 dx’
v/c00JK 000 VK | cdx

The multiplication of the middle matrices supplies:

100 0 J100-vsc] | L 00 —v/e
0100|010 0 [ [0 0% O 55
0010|001 0 |7 % :
v/c00VK 000 VK | [v/c001- s

c ax

Result that can be divided in two matrices:

010 0° | 1000]] G 0o TU°

001 0 |5010011 900 o 15.35
2vdx’ 0010 2vdyx’ .

v/c001- 0001 v/c00-—

2 4.4 2 5 4
cdx cdx

That applied to the total differential supplies:

1000 dx'
000 O
., 00, |9 9 9 9 [|0100 dx®
d'=—""dx Z[—l—z—s 4} ootoft 000 O 1 15.36
ox ox' dx” ox> cox 2vdx X
0001] [v/c00- 2 cdx*
Cc ax

Executing the operations of the second term we have:

0 00 —v/c dy!

2 9.9 97000 0 JO% 5 9 . vdx 9
<2 ¢ 9 000 O e dx v dyt - !
134.27.3 4 3 2.4 1 2 5. 47 4
0x 0x” dx” cox /00 2vdx’ 5254 ¢ ox ox ¢ dx" dx

v/se - cdx
cldx?

Where applying 8.5 we have:

v 0o { 1 dx' o 2vdx! 9 _
c? ox* X c? dx* dx* X c? dx* ax4dx4—zer0

Then we have:

0 00 —v/c

dx’'
000 0 ,

{iliz% 34} 000 0 |9 |=zero 15.37
dx 0x” dx” cox vdy! || 4%
/c00 4
ve _czdx4 cdx
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With this result we have in 15.36 the invariance of the total differential:

a¢ 39 3 3 1000 dx; 29

: 9.9 0 9 0100 dr -

0= a” [axlax28x3cax4}0010 dx? a;d =d¢
0001 | gyt

Invariance of the Wave Equation

The wave equation to the observer O is equal to:

al
| ot
2 2 2 2 2 1000 i
Vil 99> 3¢’ 99’ 94’ 1 3¢ _[a a9 8}0100 i |—o
2 2 2! 2! 2 2 2= 13.27.3 4110010 -
c a(x4) a(xl) a(xz) 8(x3) c 8(x4) dx dx~ dx” cox 000-1] aa?
d
| cox*
Where applying 15.24 and the transposed from 15.24 we have:
o
A ox!
. 199> [3 3 9 9 19100105100 o | ox?
Vg 2 2" 17,0273 7| 0,010 1 010 0
c a(x4) ox' dx'* dx'” cox’' _V'OO\/? 880 01 001 0 J
—_— - 3
c 000VK' | 9%
cox'* |
The multiplication of the three middle matrices supplies:
_V’
6 10 6 1000 100; 1oo =
0010|0890t oto 0 |= o) 0
- , Sloor o _r
200K 0001} )0 i C”oo BRIt
C
Result that can be divided in two matrices:
_v! ’
1oo =~ 10007 2 %0
010 0 10100 + 000 0
001 0 1 10010 000 0 1
—' —2v'u'x’' 000-1| | -2v'u'x’'
-1 -
B 00 2 - 00 .
That applied in the wave equation supplies
R
] /1
-V X
. 10007290 = 9
V2A1a¢=aaaa 0100, 000 0 ox'?
el a(x4)2 ox'" 9x'? 9x'> cox'* || 001 0 000 O ' 9
000-1]| | -v 00—2\/2 FYRE
¢ ¢ |9
cox'* |
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Executing the operations of the second term we have:

_V’ 7]
000 == |

[ d d d O } 000 0 Wil v 9 9 v 9 9 wux' 9’

000 0 1 d

—2v'u'x o'’

2
C

ox'' 9x'? 9x"? cox'* .
V00
c

Executing the operations we have:

2V 9 Wu'x' 92

c2 ox'ldx't 2 ¢? g(x4)

Where applying 8.5 we have:
2v'( u'x'' o \8 2'u'x'l 92
2\ ¢ ox'tlox't 2 2 A(x'+)

2 =ZzZero

Then we have:

9

- o

000 - P

0 0 oJ 0 000 0 't |
o' ax'?ax coxt | 0 00 0 I
__‘}IOO_zvrulel W
C CZ ]
| cox'* |

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

9
xl
i 10007 _9 )
vig_ L 99 :[a 3 9 0 }0100 x> :quj_ii
4 cQa(x“)z ox' ax? ox' cox* JOOL 04 9 c 8(x’4)2
000~1] 3.3
Lcox'™ |

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

vl 0o bt 00" 1o o9 5 o]
c? 8(x’4)2 a(x’l)z 8(x’2)2 8(x’3)2 c’ 8(x’4)2 ox'' 9x'? ax'® cox'?

coco~
co~o
o—oo
lLoco

Where applying 15.23 and the transposed from 15.23 we have:

o

1 ox'

i o)0 0 frooo]100 > | 9

V2¢' 12 9 2:|: al az a3 a4:|001 0 8(1)(1)8 010 0 %
¢ a(x,4) ox' 0x” ox” cox Y 004K [000-1 001 0 || 9

c 000VK | 8)863
cox* |
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The multiplication of the three middle matrices supplies:

100 0 I o00Tl100 ¥ | [100 %
010000100 5,0 & |_lo1o 0 548
0010 1001 0 :
YoovK |000-1]00L O} 1) v’
c 000VK T00-1+75
Cc
Result that can be divided in two matrices:
14 14
100 c 1000 000 c
010 0 {0100 000 O
001 0 [TFooio[f000 0 1549
300_1_1_2\»;)6 000-1 K()()ZWX
c c c
That applied in the wave equation supplies:
9]
% ox'
Laet Th s s s 10007 (°%% ¢ || o
2 4 v 0100 000 O ox?
v c? 8(x’4)2 _[axl ox” ox® caxJ 0010 (7000 0 J 1550
000-1 XOOZvuxl y
c e .
| cox* |
Executing the operations of the second term we have:
R
7 1
000 X |%
[iiia}OOOO ax_szaaLvaajvuxl 0’
ox' ax? axPcax* 000 0 9 |"2gx ax* c?ax'oxt o ¢ 8()64)2
v 2vux’ 3
=00 ox
¢ ) o
Lox* |
Executing the operations we have:
2v 00 L 2v ux! 02
c2 dx! dx* c? c? g(x4)’
Where applying 8.5 we have:
2v(—ux1 d \8 2vux! 92 _
U2 413y T p2 2 2 cero
c2 c? ox*/dxt 2 ¢ g(x4)
Then we have:
T
T 1
000 ¥ |9
5 9 9 9 Jooo 0 >
- Z - - X —
[axlaﬁax%ax“}ooo 0 5 |Fzero 15.51
3002vux1 an
¢ o
| ox*
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Then in 15.50 we have the invariance of the wave equation:

vig_L 90” {a Jd_9 a}
c’ 8()6’4)2 ox' 9x* 9x’ cox*

o—oo
ILooo
V| Y
S |os
w [S]
|
<
(i)
T
|[—
QO
<
[S]

Soo—
SO~ O

Invariance of the equations 8.5 of linear propagation

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

0 ux' 9 _ 9 v 9 1 Wx') — 9 _
ox! 2 dx* ox'! c2ox't ¢ JK' ‘/Fax"‘ —ero

Executing the operations we have:

J ,ux' 0 d Vv 9 ,ux' d ,v 0

T = T T
ox!  ¢2 ox* oOx'' c?2ox'*t  c? ox'4 c?ox'4

=zero

That simplified supplies the invariance of the equation 8.5:

d ,ux!' d 0 ,ux'' d

T = T
ox! ¢2 ox* ox'' c¢? ox'4

=Zero

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

0 ,ux' 9 _ 9 . v 9  1(—v) =3 _
X'l 2 ox'4 ox! c2dx* 2 JK ‘/?ax“_zem

Executing the operations we have:

Jd ux' 0 _0d ,v 9 ,uxx d v d

T - T T
ox'' 2 ox'4 ox' c?2ox* c? dx* c?ox*

=zero

That simplified supplies the invariance of the equation 8.5:

Jd ,u'x' 0 _ 9 ,ux' d

T -_ T
ox'' 2 ox'4 odx' c¢? ox*

=Zero

The table 4 in a matrix from becomes:

/1 1

px 100—v/c | px
px’2 _ 010 O pr
3171001 0 3
px px
Esc| 1000 VK | g/e
_px; 100v/c] P!
px~|_|010 O px'
i ~1001 O x’
_E/c 000\/? E'/c
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The table 6 in a matrix form becomes:

[t [100=v/c] !
J'_x'z _ 010 O J_xz
J'¥3|7|1001 0 Il

o' | 1000 VK | cp

Invariance of the Continuity Equation

The continuity equation to the observer O is equal to:

Jx!
<= 0dp _oJx' 9Jx* dJx’  dp [ d d 9 0 } Jx?
V.J+ = : : } = ——— =zero
oxt ax' ax? ox® oxt Lox' ax? ax® coxt || Jx
cp
Where replacing 15.24 and 15.56 we have:

5 1 00 0 [[100v/c| J'x"
=7 Op d d d d 0 10 0 |[010 O | grx?
VJ+—= =zero

a4 |:a ,18!28!3 af4:| 0 01 O 001 O J’x’3

TR c00VK [ 000K | Tep

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

10001 | o o0 "o¢ [«
== dp [0 0 9 9 0100 J'x?
V.J+ = + 0 00 0 5
ox* Lox!'ox?oxcoxt || 0010 J'x
0001 : cp'

C

Executing the operations of the second term we have:

0 00 Vv/c L

0 00 o |[/x | |
{ d 0 90 0 } 0 00 0 J'x'? __V oJx'' Vap' 2v'u'x' dp'
ox'' ox'? 9x'"? cox'? W' x'! J'x',3 crox't ox" ¢t ox

—V'/c00——
o2 cp

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

vu'x'l 90" | ,( Wx' 9 )., 2vu'x't 9p" _
V'L — o'+ —=zero
c? ox'* c? ox'4 c?  ox'*
Then we have:
0 00 Vv/c 7y

0 00 O x

ox' 9x'? ax'® cox'*
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With this result we have in 15.59 the invariance of the continuity equation:

) 0 0 d 0 0100 J’x’; 9

=~ Jp 0100 J'%2|_g 7, 9

VJ+—= =V

J+8x4 L)x’l ox'? ox'* cax’J 0010 g x” ! +8x’4
0001} cp'

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

1l

J'4 dp' _oJ'x" oJ'x dI'x? dp' _[ Jd 9 d 9 } J'x'’?

<

' ' ' ! e =zero
ax;4 axvl axfz axv3 axv4 axvl ax,z ax,3 cax’4 J,x,3
cp'
Where replacing 15.23 and 15.55 we have:
3 1 00 0 [[100—v/c]| Jx'
== 0 [ 9 9 a 9 010 0 |[010 O | jx2|_
vV.J 'ax'4 _[axl a2 ox’ cax“} 001 0 001 O I =zero
v/c00VK 000 VK | cp

The product of the transformation matrices is given in 15.34 and 15.35 then we have:

0 00 —v/c |

Jx
== dp' [d 9 9 9 ||0100 0 00 0 Jx?
V.J'4 = + 0 00 O 3

ox'* [ ox' ox? ox’ cox* ]||0010 2vux! ||| I*
0001

v/c00——
o cp

Executing the operations of the second term we have:

0 00 —v/c |

000 0 |7
{iii J } 000 0 |&|ovol! vop 2vux' dp
ox' ox? ox’ cox? Ivux I et ot ' F ot

v/c00-—
o2 cp

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

vux! 0P ( ux' d ) 2vux! 9P

c? ox* 2 ox4 c? ox*4 —ero
Then we have:
0 00 —v/c 7!
0 00 O )
iii J 0 00 0 ‘,x} =zero
ox' ox? ox? cox? vt || X
v/c00- cp

c

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

) d 0 0 0 0100 Jx; )

. 0100 7x*|_o7,0p

V.J'4 = =V.J+—

ox'"* {axl ox? ox® cax“} 0010y’ +8x4
0001} ¢p
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Invariance of the line differential element:

That to the observer O is written this way:

(ds) = (dx' )2 +(dx2 )2 +(dx3 )2 —(cdx4 )2 = [dx1 dx* dx’ cdx4] 15.67

15.68

coor
co~o
o~oco
lLooco

SO O

15.69

coo—
co—o
o—oo
L

15.70

nloco =~
oS o= O
oS —=O O

oo |

That applied in the line differential element supplies:

000 "
000 "

000 j’;ﬁ 15.71
1, 00 —2v'dx'1 Cdx'4
c chxf4

WWZMWﬂ%M%MA

coo~
co—o
o~oo
lLooco
con =

Executing the operations of the second term we have:

? B dxll \
000 0 dx? | _vdx'cdy
000 0 |a® ™ <o
V' 0 -2 dx'l _Cdx'4

2 dv’!

C2 dx,4

[dx’1 dx'? dx'® cdx'* ] +cdx'? (de’l - cdx'* j =zero
c

Then we have:

[dx’l dx'* dx" cdx'* =zero 15.72
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With this result we have in 15.71 the invariance of the line differential element:

1000 dx’;
ds)’ z[dx’ldx’zdx”}cdx’4 8(1)(1) 8 Zﬁg z(dx’1)2+(dx’2)2+(dx’3)2 —(cdx’z‘)zz(ds’)2 15.73
000-1| cax®

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

1000 dx’;
' i1 2 i3 42 A g 3 4110100 dx'
(ds )zz(dxl) +(dx2) +(dx1) —(cdx4) = [dxl dx'* dx” cdx4] 001 0 d))i'S 15.74
000-1] | cqx
Where replacing 15.15 and the transposed from 15.15 we have:
1000979007100 =2 [ ax'
2 010 015700 ¢ ax
ds') =fax'ax*axieax*] 0 01 0 010 0 15.75
o0 k505|001 |4
o 00VK ook [Led
The multiplication of the three central matrices supplies:
1 -y 100 =
600 9 Tooo]roo=> c
0100 cl1]o10 o0
001 0 001 0 010 0 |= 001 0 15.76
-y 001 0 1
-y -1 _
= 00K 0001} 0 g =00 -1+ 204X
c cdx
Result that can be divided in two matrices:
4 4
100 c 1000 000 c
010 0 _|10100 000 O
001 0 [Zloo10[*000 0 15.77
_\/00_1_’_22151)64 000-1]| | -v 00 2;/dx4
c dx c cdx
That applied in the line differential element supplies:
%
10007 ]°%°% = dx!
[s152;,3 ;,4]1/0100 000 O dx
) —[dx dx~dx’cdx 0010 |* 0 00 0 e 15.78
000-1 0 0 2;/dx cdx4
c dx*

Executing the operations of the second term we have:

000 = |
e dx'cdx” 2vd
1;2,3 54 000 0 dx® |_—vdx cdx 4=V 1 2vdx
[dxdxdxcdx 0002(31 ?34— +Cdx[cdx+c2dx cdx j—zero
—Ova cdx
c c* dx*
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Then we have:

—v
000 g

[dxldx2dx3cdx4 888 81 Z);g =zero 15.79
—v 2v dx dr*
i

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

1000 dx;
(ds’)2=[dxldx2dx36dx4 8(1)(1) 8 Z);g z(dxl)2+(dx2 )2+(dx3)2 —(cdx4)2=(ds)2 15.80
0001 cax*

In §7 as a consequence of 5.3 we had the invariance of E.ii=E"ii' where now applying 7.3.1, 7.3.2, 7.4.1,

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

Table 7B
o EVK £ EXVK
(1_Vj 7.3B (1+ v ) 7.4B
ux u'x'
E'y'= EyVK 731 | BY=E'YyNK 7.4.1
E'z'= EzK 732 | E2=EZNK 7.4.2
B'x'= Bx 7.5 Bx=B'x' 7.6
! ! v ! ! V, ’ ’
B'y'=By+—7E 751 | By=By—FEz 7.6.1
’ ’ v ! ! v' ! !
B'z'=B—7 Ey 752 | Be=BzH By 7.6.2
ux L oaou'x
By=-—Ez 29 B'y'=-—FE'z 7.10
C C
ux L ,u'x
Br="7Ey 791 | BE=ETEY 7.10.1

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

Invariance of the Gauss’ Law for the electrical field:

OE'x' OE'Y' OE'z' _p'

f 8.14
ox'  dy  dZ g

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

(a v 9 ExYK IaEy\/flEz«/f:px/f
ox c20ot)(1-v/ux) 9y = 0oz £,

Where simplifying and replacing 8.5 we have:

[a ,{—18)1 Ex OEy Ez_p
ox \uxox)|(l-v/ux) 9y 9z g,
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That reordered supplies:

[i(l v)—l Ex aEy Ez_p
ox x ) |(1—v/ ux) dy 0z &,

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

Invariance of the Gauss’ Law for the magnetic field:

3By OBy 9Bz
ox' 9y 07

=zero 8.16

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

9, v 35,2 (g v
(ax — aJB)C 3 kBy. Ezj+a (Bz Eyj 0

That reordered supplies:

0Bx OBy 0Bz v (0Ez OEy 0Bx _0
ox dy 9z c2\dy dz ot

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

Invariance of the Faraday-Henry’s Law:

OE'y' JE'x'__9B'?
ox' 9y or'

8.18

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

0 v oo 0 ExVK v
(ax c? atjE K o) dy (1-v/ux) —\/_—(szEy)

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

aEy( v ) _OEx_ aBzf j
K ux,) 9y atk ux

Where executing the products and replacing 7.9.1 we have:

oEy aEx: OBz v (aEy L Ux OEy
ox dy Ot ux\ dx 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'_ 0B
dy' 07 ot'

8.20

Where applying the tables 7B and 9B we have:
E
a y—\l K :——\/K@

0z ot

That simplified supplies the invariance of the Faraday-Henry’s Law.
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Invariance of the Faraday-Henry’s Law:

OE'x' OE'7’ _ OBy

= 8.22
7 ox or’

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

aaz (IE—)ij;c) (ai c? ot jE VK= \/_—(By+ Ezj

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

oEx E)Ez( v ) vaEz(l v)_ aBy( v ) vaEz( j
0z ax\ ux) ¢ ot U ux at\ ux ) c? atk ux

That simplifying and making the operations we have:

0Ex OEz__ 0By v (0Ez 0By
dz  Ox ot ux\ dx Ot

Where applying 7.9 we have:

0Ex_O0Ez_ OBy v (9JEz ux E)Ezj
dz Ox ot ux\ dox c¢2 ot )

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

Invariance of the Ampere-Maxwell’s Law:

0B'y' 9B'x’
X oy

=1 J'7'+ g,uoagz 8.24

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

d vJd \ 0Bx _
(ax 3 aJ(By Ez) I ,uOJz+€0,u0«/_ Ez«/f

That simplifying and making the operations we have:

0By 0Bx 1, Jz+E, 1 oE Ez, 1v2 0Ez 1 2vuxdEz v 0Ez v 0By 1 v20E;
ox o9y ° 070 Ot c2c2 Ot 2 ¢ Ot 2 0dx ¢ ot c2c? ot

Where simplifying and applying 7.9 we have:

0By 0Bx_ d0Ez 1 2vuxdEz v dEz v ( —uxaEZj
ox dy =HoJz+Eody ot ¢2 ¢2 ot c¢29dx c2\ ¢2 ot

That reorganized supplies

0By 0Bx JdEz v (uxdEz aEZ)
o oy HeTreHT T G e T

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

0B'z’ 0B’y OE'x'
— =u J'x'+e 4 —— 8.26
ay/ aZ' lLlo X oll'lo atv

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

J

9 gV gy -9y j_ _ 9 ExK
ay(Bz o2 By | B Bz [ xmpr e s K

ot (1-v/ux)

Making the operations we have:

0Bz OBy _ v (0Ey 0Ez ) ( vz 2vux\oEx 1
dy 0z —Ho x'czk dy 0z Hoc™P ot ch c? ) ot (1-v/ux)

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

9Bz 9By _
ay aZ —;uo J'x+801u0

0Ex , v ( 9Bz OBy

\ v 0Ex v2( 1 0Ex), 1 v2dEx 1 2vuxdEx
or ux\ dy 0z

) c2 9x c2\ux dx ) c2¢2 9t «c¢? c¢? ot

HoJx

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

0Bz 0By _ 0Ex | v (ux9Ey uxoEz v OEx v’ (—10Ex), 1 v’ 0Ex 1 2vuxdEx
ay aZ _ﬂOJx+80ﬂ0 ot IMXKC2 ay ICZ aZ ,UUPMX C2 ox ICZ kc2 ot IC2 C2 ot CZ C2 ot
That simplified supplies:

0Bz 0By _ 0Ex , v (OEy 0Ez , v OEx 1 2vux9dEx
dy 0z =HolxtEokty or 2\ dy oz Hac ,0) c? dx ¢? ¢? ot

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

0Bz JBy

_ OEx v 0Ex v dEx 1 2vuxodEx
Sy
dy 0z

Jx+e€
oo of ¢2 dx c¢29dx c¢? ¢ ot

That reorganized makes:

0Bz _0B
B_yZsz:'uo Jx+E i

J0Ex 2v( JdEx  ux BEx)
ot 2\ ox 2 ot

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

Invariance of the Ampere-Maxwell’s Law:

dB'x' dB'7 oE'y'
=u J'y+e U ——— 8.28
aZ' axy /’lo y oll’lo at/

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

dBx (d v d % _ d
% \x e at)(Bz = Eyj—,uOJy+80,uO«/?atEy\/?
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Making the operations we have:

0Bx 0Bz
0z ox

oE y 1 v20Ey 1 2vuxdEy v 0Ey v 0Bz 1 v20Ey

Jy+€ .
=HolyrE My Ot c2c? ot c¢2 ¢ Ot c¢2ox c¢2 ot c2c? ot

Where simplifying and applying 7.9.1 we have:

dBx 0Bz OEy 1 2vux0Ey v JEy v (uxOEy
0z ox =Ho y+Eoky ot ¢2 c> ot c? dx c2\c? o

That reorganized makes:

0Bx 0Bz OEy v (uxOEy OEy
9z ox =Ho y+Eoky ot 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:

Invariance of the Gauss’ Law for the electrical field without electrical charge:

OE'x' OE'Y' OE'7
dx' 9y oz

=zero 8.30

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

( LV 9\ ExVK OEyWK EJK _
dx c2 ot )(1—v/ux) dy ' oz

=zero

Where simplifying and replacing 8.5 we have:

[a , (—18)1 Ex OEy Ez

ax "\ ux ox |(0—v/ux)” 9y oz —ero
That reorganized makes:

O, v \| _Ex OEy Ez_

[ax(l xjj(l—v/ux)' dy 0z —ere-

That simplified supplies the Gauss’ Law for the electrical field without electrical charge.
Invariance of the Ampere-Maxwell’s Law without electrical charge:

dB'Y' OB'x' _ oE'z

=£ 8.40
axv ayv ()lLl() atv

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

o v o \ OBx _ d
(ax czat)(By c? ) dy go'u()\/_ EZ\/_

Making the operations we have:

9By 9Bx_ p 0Ez, 1 v20Ez 1 2vuxdEz v 0Ez v 0By 1 v20Ez
ox 9y 709t ¢2¢2 dr 2 ¢2 Ot c¢?2 9x c¢2 Of c2c? o
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Where simplifying and applying 7.9 we have:

0By dBx _g y OEz_ 1 2vuxdEz v dEz_v ( —uxaEz)
ox  dy 0 T 2 o 2 ox c2\ ¢2 ot

That reorganized makes:

9By 0Bx_. , Oz v(uxaEziaEz)
ox dy Ul c2\¢2 or  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:

dB'z’ 0B’y _ oE'x'

=& 8.42
ayr aZ! oll’lo at!

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

9, N 9( _ 0 ExVK
aJ’(BZ Ey) kByl 2 Zj_80ﬂ0f8t(l v/ux)

Making the operations we have:

2 2yux\oEx 1
+ 1+~
80;10( 2 ¢2 ) ot (1-v/ux)

dy 9z «c?

0Bz 0By v (aEy %j

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

0Bz aBy:g OEx , v (0Bz OBy\ v 0Ex v?( 10Ex), 1 v20Ex 1 2vuxdEx
dy 0z ooy ‘ux\ dy 9z ) ¢ dx c2\ux ox ) c2c? Ot ¢? ¢ o

Where replacing 7.9, 7.9.1 and 8.5 we have:

0Bz JBy 0Ex v (ux9dEy uxdEz\ v 0Ex v?(—10Ex\, 1 v?9Ex 1 2vuxdEx

dy 0z ~Eotly o ux\c? dy ¢2 0z ) ¢ dx c2\c¢2 ot ) crc? ot ¢ ¢ ot

That simplified supplies:

0Bz OBy ¢ 4 OEx v (OEy OEz)\ v 0Ex 1 2vuxoEx
9y 9z 0o czkay dz ) ¢ ox ¢ ¢* ot

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

0Bz 0By — i OEx v dEx v 0Ex 1 2vuxOEx
9y 9z 0 c¢2dx 2 ox ¢ 2 o

That reorganized makes:

0Bz OdBy
9y oz

O0Ex 2v(JdEx  ux BEx)

ol et TS 0 Ty Ter 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 without electrical charge:
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Invariance of the Ampere-Maxwell’s Law without electrical charge:

LERIER
0z ox ot

8.44

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

dBx (d v d % _ d
% \ox e at)(BZ = Ey)‘goﬂoﬁazEyﬁ

Making the operations we have:

@_&:8 O0Ey 1v20Ey 1 2vuxdEy v OEy v 0Bz 1 v?OEy
9z Ox 9 c2c2 9t ¢ ¢ Ot 2 dx c¢2 ot c2c? ot

Where simplifying and applying 7.9.1 we have:

0Bx_JBz _ OEy 1 2vux0Ey v JEy v (uxOEy
dz Ox 5 T 2 ot ¢ ox 2\ c2 o

That reorganized makes:

@ aBZ:g OEy v(uxaEylaEy
oz ox Ty el ar e

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

§15 Invariance (continuation)
A function f(8) = f(kr —wr) 2.19
Where the phase is equal to 8 = (kr — wr) 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:

k x*+y2+z2%)|of(0) K 9% 1(6) 0% £(6)
7[3r_( r )} TR P 7

= zero 15.82

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

ii = cos @i +cosaj +cos Pk 15.83
X X

where cos@p=—=—, cosazzzl, cosﬁ=£=£ 15.84
r ct r ct roct

has the module equalto n = |ﬁ| =n.n = \/cos2 P¢+cos> a+cos® B =1. 15.85

Making the product

—

— e - Y e S +
n.R:(cos¢z +cosaj+cos Pk )(XZ +yj+zk ):c0s¢x+cosay+cos,3z=x—=—=r 15.86
r
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we have r =7i.R = cos @x + cos @y + cos Pz that applied to the phase € supplies a new phase
® = (kr —wt)= (kﬁ.ﬁ — wt)z (k cos gx + k cos ay + k cos iz —wt) 15.87

with the same meaning of the previous phase 8=® .

- 3 w
Replacing r =7i.R = cos ¢x+ cos ay + cos fz e k=— in the phase & multiplied by —1 we also get another
c

phase in the form

B = (- 1)kr —wr) = (wt-kr){w[t-iﬂ :Mz_“”@“ “‘”“y“‘”ﬁzﬂ (5.8

C C

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

Thus we can write a new function as:

f(q))zf{w(t cos¢x+cosay+c0s,ﬁzﬂ 15.89

c

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

2 2 2 2 2 2 2 2
—aa{l)(?)v:—zcosz ¢+—a a];)(?)v:—zcosz a'+—aa];)(?))v:—2cos2 ,B——aa{b(?)% = zero 15.90

that simplified meets the wave equation.
The positive result of the phase @ in the wave equation is an exclusive consequence of the director cosines
being constant in the partial derivatives showing that the wave equation demands the propagation to have

one steady direction in the space (plane wave).

For the observer O a source located in the origin of its referential produces in a random point located at the
distance r:ct=\/x2+y2+z2 of the origin, an electrical field E described by:

E=Exi + Eyj + Ezk 15.91

Where the components are described as:

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

That applied in E supplies:

E=E, f@)+E, f(@)+E, f(@k=|E, i +E, j+E,]f(®)=E,f(®). 15.93
with module equalto E=./(E, ) +(E J+(E, V.f (@)= E=E,.f(®) 15.94
Being E,=E, i+E j+E_k 15.95
The maximum amplitude vector Constant with the components E,q, E,o, Eo 15.96
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And module E, :\/(Em )2+(Eyo )2+(Em )2 15.97

Being f(<1>) a function with the phase ® equal t015.87 or 15.88.

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

aEx_E af(cp)acp:E af(q))a(kr—wt):E af(dD)kx:E of (®) kx 15.08
ox 7 o0d ox ¥ 0P ox Y od r Y 0P ct

15.99

OEx _ E af(cp)acp: E of (®)a(kr—wr) E af(cp)(_w)
ot od or od ot od
that applied in 8.5 supplies

OEx x/tdEx
—+t—F——=zero=>E +—E, =z
ox ¢~ ot 0P dx ¢ 0® ot

=zero

ox ¢ ot

8f(<1>)8<1>ix/tE of (®)od eijma];g)(ag x_MBEJ

i (‘I’)Lai’ﬁ/ ! aq)j=zer0:>a£+x—/ta£=zem 15.100
¥ 9d \dx ¢’ ot

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

oD x/tod dkr—wt) x/t dkr—wt) kx x/t X w
+——=zero= +— =zer0:>—+—2(—w)=zer0:>— k—— |=zero
c

ox ¢’ ot ox c ot ct ¢ ct

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

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

As the phases for the observers O and O’ are equal (kr—wt):(k’r’—w't') then the components of the
observer O’ also comply with 8.5.
a(kr—wt)ix/t Akr—wt) (k' r'—w't') X/t ok’ r'—w't")

— =zero 15.101
ox c? ot ox' c? ot'

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

Applying in 8.5 a wave function written in the form:

=it = o = cos(kx —wt )+ isin(kx — wt) = cos ® +isin ® 15.102

where i =+/—1.

Deriving we have:

0¥ oY

—=—ksen®+kicos® end — = wsen® — wicos P 15.103

0x ot
oV : oV :

or — =ke'® and — = —we'® 15.104
ox ot
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That applied in 8.5 supplies:

oY oY
+x_/t_ = zero = (—ksenCI)+kic0sCI>)+x—/t(wsenCI>—wicosdD)z zero

ax C2 al c2

that is equal to:

(—k +ﬂjsin¢+(ki—mjcosfb = zero

c’t

r a_‘P+x_/t8_‘P = zero = (ke@ )+x_/t(_ we'® )z zero

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

xw xw
—k+—2=zer0:>k=—2
ct ct

. Xwi xw
kl——2=Z€I’0:>k:—2
c’t ct

(keiq) )+x_/2t(_ we'® )= zero = k = ﬂz
c c’t

Where applying w = ck we have:

xw  xck X
k=—r=—r=—=c
ct c°t t

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

X
If we apply w=uk and v =—we have:

xw  vuk c
k=—r=—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:

=K = y'= y\/? 1.7 becomes 2.22

t=tVK' = y= y'\/F 1.8 becomes 2.22
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The Galileo’s transformation of velocities u'=1u —V between two inertial referentials presents intrinsically
three defects that can be described this way:

a) The Galileo’s transformation of velocity to the axis x is u’' x'=ux—v. In that one if we have ux=c then
u'x'=c—vandif we have u'x'=c then ux =c+v. As both results are not simultaneously possible or else
we have ux=c or u'x'=c then the transformation doesn’t allow that a ray of light be simultaneously
observed by the observers O and O’ what shows the privilege of an observer in relation to the other because

each observer can only see the ray of light running in its own referential (intrinsic defect to the classic
analysis of the Sagnac’s effect).

b) It cannot also comply to Newton’s first law of inertia because a ray of light emitted parallel to the axis x
from the origin of the respective inertial referentials at the moment that the origins are coincident and at the
moment in which t = t' = zero will have by the Galileo’s transformation the velocity ¢ 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:

v 2y
t'=t,[1+———cos ¢ 1.7
62 c

14

V= 1.15
2
2
1+v—2——vc0s¢
C &
2 :
t=t’\/1+v—2+2—vcos¢' 1.8
s &
v= v 1.20
Vi
I+—+ cos¢’
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=elv,1)=e (V1) 1.9
r'=f(.1,0) 1.7
v’=g(v,¢) 1.15
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t=f'(vV.i'.¢) 1.8
o 1.20

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

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

. _FE .
p=—ii 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
myc’ 2
E’=| —— | =E’-E’*Y=m;c’
- ¢
2
c
Where applying 16.2 we have:
2 2
2 2U 2 4 2 2 C 2 2 4 2 2.2
E°-FE C—szoc =FE" -FE ?p =myc’ =>E=cp” +m,c 4.8

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

energyisequalto E=cp. 16.3

That applied in 16.2 supplies:

2 2 2 2
__c p2:>”—: ¢ p2:>u=c 16.4

c? :? c? (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.

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

[ _
yhzykp:pzx 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:

2
ﬁ'=13—£2\7:p’2 =p° +E—4v2 —Z%Vpx
c c c

Where applying E =c¢ p and pxzpcosq):pﬂ we find:
c
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2 2
2
P'2:P2+—(Cp4) v -2 p'=P\/1+v—2— "= p=pIK 16.6
C C C C C

Where applying 16.5 results in:

p'=pﬁ:%=%ﬁ:l’=i or inverted ,I:L 2.21

VK N

Where applying ¢ = y4 and ¢ = y'A' we have:

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

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

x’2+y'2+z'2—c2t'2=x2+yz+z2 ~c?t? 17.01

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

)2 2

3t —cter? = x? P2 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 77 and 4 as:
{(x’—ct')zﬂ(x—ct) A

17.04
(x"+ct')=pu(x+ct) B

where we must have 7.4 =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-c’t?=(vt) —c’t? > t'=t |[1-V 17.05
C

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

(0—ct‘/]—v—jJ=77(vt—ct) A

17.06
2
\4
[0+ct‘/]—c—2J=,u(vt+ct) B
From those we have:
17.07

Where we have proven that n.u=1.
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From the group 17.04 we have the Transformations of H. Lorentz:

x'= (n;ﬂ)x+(’u;n)ct 17.08
ct'= (’u;ﬂ)x+(n—;’u)ct 17.09
xz(ﬂ;ﬂ)x'+(n;ﬂ)ct' 17.10
ct=(n;’u)x'+(n;’u)ct’ 17.11
, n+y p-n n-u.
Indexes equations > 5 and 5
v v VoV
n+u= ]+C+ ! c - PER: -2 A 17.12
- \1+¥ v 1.V 2o 2 v '
c Ve NImel*te (I-3 =7
C C
- v 1Yy 2v B -
U-n= c _ c _ c c _ c__ HTN_ c 1713
1+ \1-¥ v [;_v v 2 v
c c VItelTo (I-7= =5
C C
1+ [1-Y 1+ -1+Y 2 _ 4
n—i= c _ c _ c c__ c _I-H c 17.14
v v 2 2
1—— \1+— 1-Y [1+Y v v
c c Ve =2 ==
C C

Sagnac effect

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

with a wave front A,.

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

Table A
Equation Clockwise ray (c) | Equation Counter-clockwise ray (u) | Sum of rays
Result Result
Condition x.=ct, Condition x, =—Ct,
17.08 x'.=Uct, 17.08 x' =-Tct,
X' = Ux, X', =1%, X' +x = UK+,
17.09 ct'.=uct, 17.09 ct',=1nct, ct'.+ct',=uct_ +7nct,
x'.=ct', x', =—ct',
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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_, =1ct', 17.10 x, =—Mct',
X, =nx', X, =uxX", X, +x,=nx'_ +Uux',
17.11 ct.=nct', 7.1 ct,=Muct', ct,+ct, =nct' +uct',
X, =ct, x,=—Ct,

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

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

D'=ct' +ct' =uct_+nct A
{ c ! e THC, 17.15

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

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

observer O D=A, <> A_ is the distance between the front waves A, and A..

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

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

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

1717

|ctc|=|ct'u and |ctu|=|ct'c

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'.=puct’, A

Quadro A
ct',=nct’, B

17.18
ct.=nct, C

Quadro B c
ct,=HUct, D

Hypothesis B:

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

et |=let,|=lct] 17.19
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That applied to the table A and B results in:

ct'.=uct A
Quadro A c
ct',=nct B
17.20
=7ct’ c
Quadro B { f
=MUct', D
2
ct'.=u"ct', A
mH 17.21
ct'uznzct'c B
Summing A and B in 17.20 we have:
ct' +ct! —2ct(77 2'uj:>D' (77 ’uj:D'— 17.22

=) t'=
F F

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

Hypothesis C:

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

I
|ct c

— I
—|ct u

:|ct'| 17.23
That applied to the tables A and B results in:

ct'=uct
Quadro A { c

A
ct'=nct, B
17.24
ct.=nct’ c

D

Quadro B
ct,=uct'

17.25

ct.=n’ct, A
=u’ct, B

Summing C and D in 17.24 we have:

ctc+ctu=2ct'(77+7’uj:>D=D'(n 'uj:>D—

_ 2t

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.

17.26

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.
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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:

2V
At=t_—t, =t'(g-u)=2"8| _c_ |- 4RV 17.28
c ]_Lz oo —o?
2
C

§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', that applied to the Table | supplies:

[ - ] VC r — — r ] V'C — ] ]
ct'.=ct, = =ct',=ct K_(1.7) ct =ct' | I+ - =>ct_ =ct'.K', (1.8) 9.1
v v v’ v’
v’ Z—CI>V'CZ < (1.15) v =—2Ff v =—,c (1.20) 9.12

c ] _& Kc c ] N V'c (o] K .
c c
From those we deduct that the distance between the observers is given by:

d.=v_t. =v'_t', 9.13

Where we have:

(]—&j(]+vcj=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:
1 — b Vu 1 — — 1] V'U — ' '
ct',=ct, +? =>ct',=ct, K, (1.7) ct,=ct' | I— - =ct,=ct',K', (1.8) 9.15
v v v’ v’
vl =—F—=v' =—% (1.15) V, =<2V, =—— (1.20) 9.16

u u K u ’ u K
)" 2]
(e} (e}



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

d,=v,it,=vt', 9.17
Where we have:
v v’
(1+—uj(l— uszuK'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
9.151t09.18.

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

Table A
. Clockwise ray of . Counter clockwise ray of .
Equation light (c) Equation light (u) Sum of the rays of light
Result Result
Condition |x_.=ct_ Condition |x,=—ct,
1.2 x'.=ct_ K, 1.2 x',=—Cct, K,
x'.=x_K,_ x', =x,K, x' +x'",=x_K_+x,K,
1.7 ct'.=ct. K, 1.7 ct',=ct, K, ct' +ct',=ct K. +ct K,
x' =ct', x' =—ct',
Table B
. Clockwise ray of . Counter clockwise ray of .
Equation light (c) Equation light (u) Sum of the rays of light
Result Result
Condition |x'.=ct', Condition |x',=—ct’,
1.4 x.=ct'_K', 1.4 x,=—Cct',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+ctuKu 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'=>t 9.20

This result that equations the isotropy of space and time can be called as the space and time conservation
principle.
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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' =t =t' =>v_=v ,=K_ =K', A 001
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' =vt, =V t', 9.22

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

Hypothesis B:

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

ct_=ct,=ct

V. =V,=V B 9.23

vt =v,it,=vt C
With those we deduct that the distance between the observers is given by:

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

(o]

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 =Vt =v't C

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

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

C

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 27zR:
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ct' . =ct',=ct'=27R 9.27

Applying the hypothesis C in 9.11 and 9.15 we have:

1
t.=t'_K' =t,_ :t'(”vgj 9.28

V'
t,=t' K' =t =t'(]—?) 9.29

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

making:

’ ’ 1+ ]
At=t_—t, =t'(1+1j—t'(1—1)= 2Vt _4ARv 9.30
c c c c

2v't’ 2v_t, B 2v t

u—u

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

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.

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

_2vt'_4aRrv'_ 47Rv,  47Rv,

At=t_—t, = 9.31
‘ c c? —CV, c2+cvu
The classic formula of the Sagnac effect is given as:
At=t_—t,=TTEY 9.32
c'-v
From the propagation geometry we have:
Ap=2VE 9.33
c
The classic times would be given by:
=278 9.34
c
£ =278 9.35
c—v
¢ =27 9.36
c+v
Applying 9.34, 9.35 and 9.36 in 9.33 we have:
At:ZvZﬂR:47ﬂ§v 9.37
c cC c
At _2v 27R _ 47Rv 9.38

T clev) Peev
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A _2v 27nR _ 4nRv
t,= ==
c (C"'V) c“+cv

9.39

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

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

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

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

L L 2L
= gt =R AL 18.02
2ty c " ¢ ¢ c

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:

Xt =t'++t'_=£+£=2—L
c cC (e}

_ _2L . . . - .
As we have t'. —Zt'y, = there is no interference fringe and it is applied the null result of the

18.03

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'zct'c+ct'u =ct. K. +ct,K,=>D'=L+L=ct_K_+ct,K,

18.04

D=ct_+ct,=ct'_K'_+ct' K',=>D=ct_+ct,=LK'_+LK',=L(K'.+K',) B

From 18.04 A we have:
14 v

D'=2L :ctc(l— CC j+ctu(]+?uj =D'=2L=ct_ —v_ t_ +ct, +Vvt, 18.05
Where applying 9.26 we have:

" _ _2L
D'=2L=ct +ct, >3t =t +t, =2 18.06
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In 18.04 B we have:

D=ct_+ct, :LKHVC}{]_VUH
c c

Where applying 9.25 B we have:

2L

D=ct +ct,=2L=3t, =t +t, ===

18.07

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:

e e, 2L
St =Yt =N, =

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:

2t LEDE,
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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:

- _—GMmn, . —l667.107")1.98.10")328.107)._—k .

F= = 19.01
r2 r2 r2
The sub index "0" indicating mass in relative rest to the observer.
To describe the movement we will use the known formulas:
r=rr 19.02
. dr dr) dr, d¢-
g=dr _df)_dr, . d¢ 19.03
t dt dt dt
2 2
.. (d d
izl ) 4 99 19.04
dt dt
__dii_d’F_d’(rf)_|d’r (dgY |, [ drdg d’¢),
a=—=—>= (2 ) r ¢ r+ 2——¢+r—? 1) 19.05
t dt dt dr’ dt dt dt dt
The formula of the relativity force is given by:
- d| mu m, m, udu. m, [ W’ ). (.di\u
F=— = a+ 55— U= sl I—— et u— | 19.06
dt \/] u’ \/1 u’ BEAYLS dt ; u’ L c dt )c
e () <

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:

]_ﬁ d_zr_,(@jz P d”d¢ d ¢ A
A a? \dr dt dr

F=— . 19.07

+£d_2r_(d¢j d¢ ,drdg d¢ 1(
dt| ar* \ar dt dtdt 2

s d_zr_ (dgbj LJdr|a’r drd¢ Ao\ Ldr|,
. ¢ )ar’ \dt di| di’ dt i a |

(1—u2/c2)5/2 . 1_ ydrdg  d ¢ N Qd_zr_r(@j dg| ,drd¢  d ¢]rd¢ ;
Yara i el ar ) [Pa P a an Jc dt

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

d’r (deY | |ar| a’r
c” ) dt dt dt| dt

2 2
P W
dedt dt dt| dt

(¢}
(2}

19.09

d¢
dt
d¢
dt

drd¢ rd ¢ 1 dr
dedt  dr’ ||c dt
drd¢ d ¢ ¢ ¢
drdr T |2

19.10

As the gravitational force is central we should have to null the traverse component Ij“&:zero so we have:

m

W{ gk

From where we have:

£y

( drdg, d ¢J —rdrdg
¢’ dt dt

dt dt dt

(] -]

From the radial component 17“, we have:

m, d’r (dgbj
_u2/c2)5/2 dtz dt

That applying 19.12 we have:

(]

= m, d’r
F;—_(]_uz/cz)s/2|:dtz

That simplifying results in:

o [afe)]
2 2]

2
drd¢+ d? ¢ Lidr dr d
dedt  dr’ dt dt

2]}

19.11

r@ Zdrd¢+rd ¢ d¢ ¢=zero
dr\ “dedt  ar® )| dt

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

77196

29\ —ldr|d’r (doY
2rﬂ@+r2M 7l :—V(¢j
dt dt dr? | ¢ dt| dt dt (042
249 - ][drj '
dt dt
dgf drdg  d’p
dr dt\ dt dt dt 1dr|.
—+ — oF 19.13
dt d*r (d¢j codt
dr’ dt
A4 drd
dr di\c’drdt )| 1dr P 19.14
dr ; ][drj cdt
dt
19.15
—k, 19.16
1"2 .



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

E=E, +E = constant. 19.17

Where the kinetic energy (Ey) is given by:

E,=mc*-m,c*=mc’ 1 =—1 19.18

u
=
C

And the potential energy (E,) gravitational by:

g, =—CMom, 19.19
r r
Resulting in:
E=m’ L__j|-£=constant. 19.20
u’ r
==
c

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

dE_dE, dE,
—=—+4+—F=zero. 19.21
dt dt dt

Then we have:

dE, mu du
— - 19.22
dt 2\, dt
u
1=
c
dE, kdr
dt rdt
Resulting in:
dE_dE, dE, mu du kdr mu du —kdr
—=—+—"=zero= 7t ——-=zero= E— 19.24
dt dt dt o, dt vt dt N, dt ot dt
Ja Ja
This applied in the relativistic force 19.06 and equaled to the gravitational force 19.01 results in:
- m, _ Ikdr. —k,
F= =0————Uu=—7r 19.25
u crdt r
1=
c

In this substituting the previous variables we get:
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o {d—z’"—r(@jz}? ( Ldrdg d¢}{ Lk dr(dr,, d j _k; 1006

dt dt dt = dr’ j Zala al) Ty

From this we obtain the radial component 13r equals to:

2 2
F=— {d: (dff’” Izl‘z(ﬂj :_f 19.27
u’| dt dt c’ro\dt r
e
C

That easily becomes the relativistic gravitational force 19.16.

From 19.26 we obtain the traverse component 17;3 equals to:

2
F=—" (2drd¢+rd f) ]derd¢:zer0 19.28
? \/] W\ dtdt dr’ ) Crdrd

C2
From this last one we have:
Zrdrd¢+r2d—;¢ 2

rz@ m c’r’dt\ ¢ '
dt

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

L=Fxp=constant. 19.30
L=FXp=Fx Ml s [ﬂﬂrd—qjéjz M, (x¢): M 2d¢l€ 19.31
u’ u’ \ dt dt
Too e ’ g
L= Zd(/jk =Lk = constant. 19.32
]_IL dt
C2
dL_d(Lk)_d(wk L) awk_, _d0)__ -

dt dt  dt  dt  at
Resulting in L that is constant.

A

dk
In 19.33 we had —=zero because the movement is in the plane (x,y).
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Deriving L we find:

2
db_d|_m, .d¢ 12 e 3d” 249, m, (2’,@@”261_? =zero 19.34
dr dt w dt| c 2\, dt dr uzk dt dt dt
1— u 1——
A g
C
From that we have:
2
2rﬂ@+r2d—?
dt dt dt —u dul
= 19.35

- 2 2
rz@ (]_u] dt c
dt 2

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:

drdgp ,d’¢\ —ldr|d’r (dg¢ ’
2r——+r'—\| | 21, >
dtdt dr*) cditjde \dt) | [k dr /]u_ —u dul (9.6
rz@ ] dr mc’r’ dt ¢ ; u’\dt e’ '
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 dw:a—dr:>dw:—2dr 19.38
r r

dw —1dr dw —ldr
From where we have — = & —=—— 19.39

dg r’ d¢ dt r’dt

2
‘jf: Lo 19.40
t mr’ c
From where we hav dr: L dr ]—— 19.41
dt myr d¢
2
Where applying 19.39 we have ﬁ —LZ—Z ]—— 19.42
m
L
That derived supplies : dg di d( dw 1 19.43
de’ " dr dpdi\ m, d¢\/

Where applying 19.40 and deriving we have:
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’ c|ldg N ¢ dpdg

In this with 19.36 the radical derived is obtained this way

d /] u2 -1 wdu__ k_dr(, u kdw(
dt c2

\/1 —ul/E A dt mczrzdtk mc dtk ch

i[/]uzJ -1 wdu K dr(]uzj kdw(
dg

u2
V=2 /3 dg mc2r2d¢k m.c d¢k ]

d’r_ L /1 u’ d(—de /1 u'| -I ] u’| d*w ] u2+d_wi /]_u_z
dr’ morz c’ d¢kmo do | omir? ? ? c’

That applied in 19.44 supplies:

2. _ 2 2] 2 2 2
d_:: sz\/] uz dV;\/] uz . (dW 1= uz
dt” mr c | do ¢ mc kd(i)
Simplified results:

3

d’r_ Lk (0} awY [ ([, )d’w
dr’ mjczrz d¢ mjrz k ¢ }d(bz

Let us find the second derived of the angle deriving 19.40

d2¢ d

__L]u2 —2Ldr/ul /
dr’ dt\ mr’ ) omy dt c omyr dtk

In this applying 19.42 and 19.45 and simplifying we have

d’p_2LC dwf, uzj Lk _dw(, u j

SRSV

ar mr’ d¢k mc’rt 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_ (dgY 1(drY | -k
——r— 1- ]—— — 2
dr’ dt ¢ dt

In this applying the formulas above we have

o

Lk u’ 2 dw r ( uzwdzw L u’ ’ u’ I(—de u’ 2—| —k
322 I 2.2 ] 2 2 r 2 ] 2 = ] 2 I 2 ] 2
me’r d¢ mr k c Jd¢ mr c c c c
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d¢2 Trd¢2Tr2 28(d¢j4
o \dt
2
2 £u2
d’w) 2d’w 1k o
dg’ -

K| (drY ( deY
5 || = |+ r—
(dzwj 2dw 1 K c|\dt) U dr

d 2| " d 2" 2 4 4
ALY IR )
dt dt
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2 K(drY K[ doY
(dzwj 2d°w 1 k* A\ dt A\ dt

d¢2 rd¢ rZ mzy&(d¢j mz 8(d¢j mz 8(d¢j
dt dt dt

K2(drY
o s cla)
L AT o]
dt dt ’ dt
k? d
, 2 5 2 ) —I”wa 2
(d w] 2d w1 k c d¢ k
A ) ]
dt * \dt ’ dt
K ( dw
2 k™[ dw
(dzwj 2d2w 1 % c’\dg K’

d 2 2 4 2
¢ r d¢ r mzrg(fwj m2r4(d¢j m2c2r6(d¢j
o \dt  \dt dt

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

1=r% 19.53
dt
That it is really the known theoretical angular moment.
dwY 2dw 1 KK (aw) K
d¢’ I rd¢2Tr2 m’L! mchszd¢ m.c’r’C
dw\ dw, o, KK (dw) K
2 +2_22W+W:24 2 272| g4 222"
do do m L mc’L kd¢ mc'L
d’w ’ “w dw 5
~ | +2 w+w =B-A — | -A
d¢ d¢
2.\ 2 2
Z(;ZV +2§¢VSW+A(%J +(A+1)w’ —B=zero 19.54
Where we have:
k2
_m 19.55
kZ
= 19.56
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The equation 19.54 has as solution:
w=LD[]—8c0s(¢«/I+A+¢U)]:> w=LD[I—€c0s(¢Q)] 19.57
& &

Where we consider @ =zero.

It is denominated in 19.57 Q°=I+A. 19.58

The equation 19.58 is function only of A demonstrating the intrinsic union between the variation of the mass
with the variation of the energy in the time, because both as already described, participate in the relativistic
force 19.06 in this relies the essential difference between the mass and the electric charge that is invariable
and indivisible in the electromagnetic theory.

From 19.57 we obtain the ray of a conical:

&D &D

]—Scos(¢\/]+A):W:]—Scos@Q) 19.59

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

1
r=—
w

Deriving 19.57 we have d—wz%@@ 19.60
2 2
That derived results in d v;/:Q COS(¢Q) 19.61
do D
Applying in 19.54 the variables we have:
2 : 2 ?
d_vzv +2d—V2VW+A dw +(A+I)w2—B=zer0.
do do do
Q4cos22 (¢Q)%2Q2c0s(¢Q)(1—gcos(¢Q) +AQ2 senz2 (¢Q)+(A+1{]—Scos(¢Q)T _B=zero 1962
D D L &D D &b
0'cos’lo) 0" coslop) ,0"cor’00) , ,0° AQZcosj(¢Q)+(A+]{J—ecos(¢Q)T_Bzzm
D eD D D D )
0'cos"lg0) 0 corlo) ,0"cos™lp0) 0" \0%cos"log) (A+1) )A+ikosloo) (a+ikos’loo) o,
D eD D D D D &b D
(Q"—zQZ—AQ2+A+J\C‘”2(Z¢Q)+(2Q2 24_ 2 Jeosloo), AQ; : (é”z) B=zero 19.63
J D L eb eD D D D gD

In this applying in the first parenthesis Q°=I1+A we have:

(0 =207 - AQ* + A+ 1)=|1+ AY =21+ A)- A(1+ A)+ A+ 1]=(1+2A+ A —2-2A— A— A’ + A+ I)=zero
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In 19.63 applying in the second parenthesis Q2=I+A we have:

(ZQZ 24 2}_[2(]+A) 24 2}:Zem

eD €D eD_ &D eD €D

The rest of the equation 19.63 is therefore:

AQ? +(A+])

D2 T ep? —B=zero

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

Eccentricity of the orbit £=0,206 .

Larger semi-axis = a = 5,79.10"m.

Smaller semi-axis b=av/I—£” =5.79.10"°\/1-0,206” =56.658.160.305,80m .

eD=a(l-£7)=579.10" (1-0,206 }=55.442.955.600,00m.

_al1-¢?) 579.10"(1-0.206°)
e 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=3,16.10s.

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

3,16.107

N =100 -
7,60.10

=415,79 .

Theoretical angular moment of Mercury:

2
r =(r2 %) =GM0a(1—82 ):6,67.10‘“1,98.10305,79.1010 (]—0,2062 )=7,32212937427.1030

_(aMom, ) _(Gm, ) _l667.00" ) (198,10
mic’L’ (30108 (.52.107)

=265.107%.

2 2 -1V ’
o (GMym,)_(GM,) _l6.67.10} (198.10%) 325107

my L' r (7.32.10° )

Q=VI1+A=1+2,63.10" =1,000.000.013.23

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

2
+

AQ®  (A+1) B:2,65.10‘8 (1,000.000.013.23) 265107 +1

22 _ -30
Tt o5 4 ~—3,25.1072=8,976.10
D? €°D (269.140.561.165,00) (55.442.955.600,00)

Result that we can consider null.
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We will obtain the relativistic angular moment of the rest of the equation 19.63 in this applying the variables
we have:

2 2 2 2 2
40" (arl) p G, (GMG] |, 11, (o) | (GM,F
D> " &D cUp*| T S | et L L
2 2
e G e e
2 2
SZLZ(GM0)2+€2L2(GM0)2—(((;:1;/ILOZ) +L4c2+L4c2—((i1;4LOZ) —c’e’D*(GM )’ =zero
: .(GM,) . .
e (GM,) +&——=2—+L'c’+L'(GM ) —-c*¢’D*(GM,, ) =zero
C
4
c2L4+(1+52)(GM0)2L2+32—(GMZO) ~c*e?D*(GM )’ =zero 19.72
C
2 2 2 2 2 Z(GM0)4 2,212 2
(1+e?Xom, Y £ |[1+e* NGa, ) | —4c?| e e (GM,)

[’ =

2¢?

L —(1+e?)om,  (1+e? Y (GM, ) ~4€*(GM, )’ +4¢*e* D* (GM )

a 2¢?

(1+&7\om, Y +:/(1+2e2 +&* \GM, ) —4£7 (GM )’ +4c*e* D* (GM ) )
2¢?

2__

. (1+e7)om, (M, ) +26* (GM, ) +£* (GM, )’ ~4€7(GM )’ +4c* €7 D* (GM )
a 2¢2

(1+e2 oM, P +y(GM, ) +£*(GM, )’ —267 (GM, ' +4¢*€? D* (GM,
2¢?

2__

~ 5 5 \/ 2 4 4 2 2 2
e’ kam,yelli-ef (om, ) +4c'' D' (G, ~7,32212927328.10" 19.73

2

2c

This last equation has the exclusive property of relating the speed ¢ to the denominated relativistic angular
moment that is smaller than the theoretical angular moment 19.66.

The variation of the relativistic angular moment in relation to the theoretical angular moment is very small
and given by:

30 30
:7,322]2927328.10 7,32212937427.10 13810 = 1 19.74

AL ~ .
7,32212937427.10 72.503.509,00

That demonstrates the accuracy of the principle of constancy of the speed of the light.
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In reality, the equation 19.06 provides a secular retrocession perihelion of Mercury, which is given by in
Ap=2741 5,79(é—1j:27£41 5,79(—0,000. 000.01 3.23):—3,46. 107 rad. 19.75

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

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

=——+F_. 19.77

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 )
E,=———+E_=m_ 19.78
R 2 o) o
u
1——
o2

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

2
_mu k

G =————+mc’=m_c’ 19.79
2 r

mcu2
Where

-k
is the kinetic energy, — the potential energy and moc2 the resting energy or better saying
r

the inertial energy.

From this 19.79 we have:

mu® k , , _mu’ k , 2k 2GM_m, ,  2GM,_
——+mc ' =m.c” = =—=u = = u = 19.80
2 r 2 r m.r m.r r
Deriving 19.79 we have:
dE, d(mu® k 2
=— ——+m_” |[=zero
dt dtl 2 r
m Zudu k dr
—+——=zero
2 dt r°dt
y,du_ =k dr_=CM, dr
dt mr®dt r® dt
pdu =M dr
de r? dt
du —-GM,
u—=—>" 19.81
dr r
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Making the relativity energy 19.78 equal to the Newton’s energy 19.79 we have:

m_c mu  k 2
E, =Ey > ——=——=+E,_ = ——+m.c 19.82
u’? 2 r
1-—
c
mc? E, m,u® GM,m, m.c”
2 =22 2 19.83
0 l_i m, m,2 m.r mg
© 2

0= P 19.84
InO
We have:
2 2
C __to=2 _-T0o4.?
1 _LZ 2 r
o2
2  GM 2
=4 o, .2__ C 19.85
2 r 1 _LZ
2
c
In this one replacing the approximation
1 u’
=1l4+— 19.86
u? 2c
1-—=%
c
We have:
2 GM 2
p=2 -2 4c? —cz(1+u—2j
2 r 2c
That simplified results in the Newton’s potential:
u’ GM, ., . ou’ —GM,
p=—- +o?_?o 2 = 19.87
2 r 2 r
Replacing 19.84 and the relativity potential 19.85 in the relativity energy 19.78:
moc2 u’ GM, 2 c?
E,=—/—=+m | —— +c' —— 19.88
U.2 2 r u2
1-— 1-—
c? c?
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Deriving the relativity potential 19.85 we have the relativity gravitational acceleration modulus exactly as in
the Newton’s theory:

_—dg
dr

a

= = — = =+c’—
dr dr| 2 r u?
1-—=
c
_—d(u’ GM o) df o
dr{ 2 r dr u’
1-=
c

Where we have:

—-d{u* &M, ,) —-dE, o :
—_— = +c” |=——| — |=zero. Because the term to be derived is the Newton’s energy
dr{ 2 r dr{m,
. . Ey u’ GM, 5 . ) )
divided by m, that is —:?——+c that is constant, resulting then in:
m r

In this one applying 19.81 we have:

-1 GM

(e}

a= — 19.89
U2 2 t
C

The vector acceleration is given by 19.05:

_(_«j {__¢_q¢

dt? dt dt dt  dt?
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The relativity gravitational acceleration modulus 19.89 is equal to the component of the vector radius (1)
thus we have:

d’r  (d¢\’ -1 &M,
a= S — = 5 19.90
dt dt )

2 r
u 2
C

Being null the transversal acceleration we have:

drd d’¢ |-
2—r—¢+r—€ Pp=zero 19.91
dt dt dt
drd d’
2—r—¢+r fzzero
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—€=zero 19.93
dt dt dt dt dt dt
Rewriting some equations already described we have:
1
wW=—
r
ow -
dw=—-——dr=dw=—071dr
ar r
dw -—-1dr dr , dw dw —1dr
—=—F—o0o —=-r"—and —=——
d¢ r° de de de dt r°dt
dr _d¢dtdr Ldr -L .dw_ dr__ dw
dt dtd¢dt r’d¢ r® d¢ dt d¢
d’r d(dr) d¢dt d dw) L d dw) -I7 d’w
—=—|—|=———| " L—|=——| L— | P 19.94
dt dt\dt dt d¢ dt dg r-de¢ de r° de

From 19.90 we have:

3w dzr_r(d_¢j2 _ —GM,
2c” ) dt? dt r’

In this one we 19.94 the speed of 19.80 and the angular momentum we have:

_1 3 (2GMOJ ~17 d*w ( L T GM,
- =] |==
| 2c* r r’ d¢’ r’ r’

3GM, 1) d*w 1) GM,
1— CE > +— (= >
c” r\d¢° r L
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36M, 1\d’w 3Gm, 1)1 GM,
1— - +|1- ===

c® r)de¢’ ¢ r)r U/

d’w 36M d’wl 1 3GM, 1 GM,
- > s—t—— > o 2 =ZzZero
de c” d¢°r r ¢ r L

d’w _d’wl 1 1
o ~—+——A——-B=zero
dg do°r r r

d’w d’w 5

Z—A 2w+w—Aw —B=zero
de de
d’w d’w 5

5 —A 2w—Z—\w +w—B=zero
de de

Where we have:

3GM, GM
A= B

c2 L

The solution to the differential equation 19.95 is:

w =L[1—€cos(¢Q+¢o)]:w =L[1—ECOS(¢Q)].
&ED &D

Where we consider ¢, =zero

Then the radius is given by:

1 &D ED
r=—=————=r=
w

_1—€cos(¢Q) _1—€COS(¢Q)

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

dw _Qsen(¢Q)

d’ :
Deriving 19.97 we have v and =2 = 0” cos(¢o)

D de’ D

Applying the derivatives in 19.95 we have:
d’w d’w

7 A —
d¢”  dg

0% cos(¢) 3 20°cos(¢)
D D

w—Aw' +w—B=zero

0° cos(¢Q) 3 AQ? cos(¢Q)

D en?
chos(giﬁQ)_ Achos(¢Q)+ AQ’ cos(giﬁQ)gcos(m)_

D &’ &’

A A A 5 5 1 1
————4+——2€Co0Ss — E cos +———¢&cos —B=zero
eD* €D’ (92) D’ (90) & D (92)
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[1—8cos(¢Q)]—% [l—28cos(¢Q)+ g% cos? (¢Q)]+ [L—Lecos((@)
E€°D &l

19.95

19.96

19.97

19.98

19.99

é[l—8008(@)]—%[1—8008(@)]2 +é[l—€cos(¢@)]—]3 =zero

}—B=zero



cos(@)( AQ2+2A

cos(@)( _, AQ2+2A J AQ%cos’(gQ) Acos’(¢Q) A N 1 B

Q" - —-=1|+ P - > - ——=zero
AD & & AD AD Ae’D’ A& A
cos(g) Q_Z_Q_2 2 1 +chosz(¢Q) cos’(¢Q) 1 1 —Ezzero
D A & & A D’ D’ &D® hedD A
2 2 2
2 1 1 1 B
cos WOl (e ) cosR)f 0" 2 1) 1 1B 19.100
D A & & A) €D A& A

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

cos’(¢Q)

= (0*-1)=zero 19.101

Resulting from the equation 19.100:

M(Q_Z_Q_Zi 1}# 1

B
+————=zero 19.102
D A & & A

D AeD A

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

2

2
2 1 1 1 B
Q__Q_+___zzero and —_—— 4t ————=7zero 19.103

A & & A £D? neD A

These equations can be written as:

1 1 1(1 2

a=p]>——-—==|=—-= 19.104
A & Q°\A &
1 1 ¢DB

[a=c]>—-—="F 19.105
A & A

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

[b=cl= — R 19.106
A

With 19.96 and the theoretical momentum we have:

3GM, GM
A= B=

2 2
c L

_£06M, .

©  1’=6DGM, EDB 19.107
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It is applied in 19.105 and 19.106 resulting in:

[a=c]m>i-Lt-1
A & A
[bzc]jiz(l_ijzi
QO°\A &D A

- = =-1,80.10" =zero
& 55.442.955.600,00

From 19.109 we have Q:

1(1 2) 1 , oA, 2 3GM,
— |- ===’ =1-— 0 =1
o’\a en) a €D & c

It is applied in 19.104 resulting in 19.110:

1 1 1(1 2 1 1 1 1 2 1 1 1

———:—2 _— > = =5 =

A e Q°\A &) A e (I_ZAJA &) A & A
€D

From 19.112 we have:

oo [5G _ | _ 6(6,67.107)1,98.10%)
enc’ (55.442.955.600,00)3.10°)

That corresponds to the advance of Mercury’s perihelion in one century of:

ZA(D:AQ). 415,79 :(l— ] 1.296.000,00.415,79=42,79"
Q

Calculated in this way:

In one trigonometric turn we have 360X60X60=1.296.000,00" seconds.

The angle ¢ in seconds ran by the planet in one trigonometric turn is given by:

1.296.000,00
Q

$¢0=1.296.000,00=¢@=

If ©>1,00 we have a regression. $<1.296.000,00.

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

=0,999.999.920.599

19.108

19.109

19.110

19.111

19.112

19.113

19.114



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

_1.296.000,00
Q

Ag —1.296.OOO,OO:(L—1]1.296.OOO,OO.

Q
If Ag <zero we have a regression.

If Ag >zero we have an advance.

In one century we have 415,79 turns that supply a total angular variation of:

ZA(I):A(I). 415,79=(l— ] 1.296.000,00.415,79=42,79"
Q

If ZA(I) <zero we have a regression.

If ZAq) >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 ¢ 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)
"Although nobody can return behind and perform a new beginning,

any one can begin now and create a new end"
(Chico Xavier)

Author: Alfredo Dimas Moreira Garcia.

e-mail: avaliac@sjc.sp.gov.br

Translator: Rodolfo Marcos Venancio

e-mail: sooter@terra.com.br

95/96



Bibliography

[1] Alonso & Finn, Vol. | e Il, Ed. Edgard Blicher LTDA, 1972.

[2] Robert Resnik, Introducao a Relatividade Especial, Ed. Univ. de S. Paulo e Ed. Poligono S.A., 1971.
[3] E. Terradas Y R. Ortiz, Relatividad, Cia. Ed. Espasa-Calpe Argentina S. A., 1952.

[4] Abraham Pais, “Sutil € o Senhor...” A ciéncia e a vida de Albert Einstein, Ed. Nova Fronteira, 1995.
[5] Marcel Rouault, Fisica Atémica, Ao Livro Técnico LTDA, 1959.

[6] H. A. Lorentz, A. Einstein e H. Minkowisk, O Principio da Relatividade, edigao da Fundagao Calouste
Gulbenkian, 1989.

[7] L. Landau e E. Lifchitz, Teoria do Campo, Hemus — Livraria Editora LTDA.

[8] Robert Martin Eisberg, Fundamentos da Fisica Moderna, Ed. Guanabara Dois S.A., 1979.

[9] Max Born, Fisica Atémica, edicdo da Fundacao Calouste Gulbenkian, 1986.

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

96/96



