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Abstract

In this article we have unify the electromagnetic-field and the gravitational field by
introducing a new universal constant. We conclude that the Planck system of unities had not
any physical sense and we replace it by the new one which is more natural.

Résumé

Dans cet article on a unifié le champs électromagnétique et le champs gravitationnel via
I'introduction d’une nouvelle constante universelle. Nous avons conclu le systéme d’unités
de Planck n’a aucune signification physique et il est remplacé par le nouveau systéme qui est
plus naturel.
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1)Introduction:

From 1899 , Planck had established an absolute system of unities as follows[1]:

Mp= [%£=218 10%kg  (1-1) ,
Lp= |~ =16 10%m  (1-2),
Tp= |5 =539 107*s  (1-3).

The Planck system signify that extension in space-temps is equivalent to energy. So the
equation of motion of a corpuscle should be written in a full space-time which act on the
corpuscle by a friction force in the opposite direction of the its speed. The equation of motion

of such a corpuscle is:
@ _ r_ ;
—=f-av (1-4)

Where : p: the moment of the corpuscle;

£ all unknown forces which act on the corpuscle;

—a. v : an universal friction force due to the energy of the space-time;
a : friction coefficient of the space-time;

The friction coefficient "'a’’of the space-time is declared as a new universal constant. Space-

time is vacuum and vacuum is space-time.

Of course equation (1-4) is not invariant by transformations of space and time but we will see
how to change our view in exchanging energy. Let’s take it as the first idea which comes to us

as thinking in classical manner.

The MKS system (or cgs system) is a meshing of space-time where the unities of measure are

as follows:

M =1kg :theunit of mass;



L=1m :theunitof length;

T=1s : the unit of time.

But here there is any relation ship between those unities. When Michelson try to measure the
speed of light in 1891 in order to detect any motion of the ‘’aether’’ he was surprised that the
speed of light is constant in any direction: the speed of light "¢’ was declared an universal
constant and it is independent from the choice of the referential of motion and from any
corpuscle. With the constant "’G"’ the gravitational constant we can establish another relation
ship between mass and length for example and with Planck constant "#'" we can resolve a
system of three equations with three parameters and so Planck get the solutions (1-1), (1-2) &
(1-3): there is a general equivalence between mass, length and time. Space-time can’t be
“inert’’ and should act on corpuscles. Space-time can’t be only a theatre of interactions

between corpuscles but it participates and interact with them.

The Planck meshing of space-time should conduct to the minimum energy in the minimum
volume of the space-time. If we calculate it i.e. we have a mass M, in a volume L3, we get an
enormous value and anything can’t move in this media: we conclude that Planck meshing of
space-time is not the good choice, another system should replace it and so one of the constants

which form the Planck system is a derived constant.

It is evident that we have particles which have a mass less than Planck mass (for example
electrons). The constant which should be removed is the gravitational constant: gravitation

strength is neglected in the subatomic particles.

We propose to do the meshing of the space-time with three constants "4, ""c¢''&""a'’. The

result is:

M==+ha (15)

L= |- (1-6)

T = %\E (1-7)



We can expect that in the MKS system the constant "'a’’ should have a very low value: if we

neglect it in the equation (1-4) we get the classical dynamic law.

r_r

The most evident experience to have an idea about the value of the constant “a’’ is to
determine the density of energy of vacuum in the Universe by observations and to identify it
to the theoretical vacuum energy [2]. There is also others experiences which allow us to
determine this constant such as the photo-electric experience and the black body radiation
experience [3]. We will try in the following to determine this constant referring to recent
cosmology observations. But if we want to continue, we should refer to a consistent theory of
motion. Equation (1-4) is not the good theory, we can’t accept it only in the particular case

that it is defined only locally.

Let’s have a corpuscle of a mass m in motion in an inertial referential R(0, x,y, z, t). Let’s
have another inertial referential R'(0',x',y',z’,t") in motion with a speed V along the axis
(0, x) and that origins are coincident in the beginning of motion . Axis (0, x)&(0', x") are

co-linear.

The Lorentz transformations of space and time between the two referential are [4]:

y _ x—Vit
X' == (1-8)
==
, t=xV/c? , ct-Lx
g = TRV (1-9) or ct'=2¢  (1410)

For monochromatic plane waves the transformations of wave-vector and frequency are the

same of space and time:

- k=2
k! = EeViet 1 q7) o  ck'="22 (112)
& V2
1_6_2 1_6_2
) _ w—kV
W' == (1-13)
1-=

Where:k & k' are respectively the wave-vector in the referential R& R’;

w & w' are respectively the frequency in the referential R & R'.



The principle of relativity is that the equations of Nature are invariant by Lorentz
transformations i.e. there is invariance of the action of the corpuscle and also there is

invariance of phase for plane waves.
Every theory takes its validity by respecting the following conditions:

1t condition—The respect of the principle of least action i.e. that every physical
phenomenon is described by a principle of action. The principle of conservation of energy and
conservation of momentum comes from the least action principle. We should search an action
that the equations of motion which comes from its minimisation describe the phenomenon in

the laboratory and Nature. The action of a corpuscle is:
Scorpuscle = fL(X; X; t). dt (1-14)

Where L(X, X, t) its Lagrange function.

2nd condition-The respect of the principle of locality i.e. the phenomenon that happenin a
region of space and time affect directly only their nearest environment. If we act on a system
in the position (X, t) in space-time, the only direct effect is on the nearest infinitely close

neighbourhood. How to guaranty that a theory respect the principle of locality?: it is done by

the principle of least action.

Let’s take the action of a corpuscle as:
Scorpuscle = fL(X; X, t)- dt (1-15)

To guaranty the locality the Lagrange function in equation (1-15) should depend only of the

spatial coordinates of the system i.e. for a corpuscle it should depend only from its position
X(¢t) and its first derivative X (t). The neighbouring points does not intervene only via its
time derivative i.e. at the limit when At — zero by [X(t + At) — X(t)]/At.

In other terms in a referential, the effect is detected at a distance x only after a time t and that

% has a finite value v(x, t) which is less or equal to the speed of information c.

3" condition-The respect of the principle of relativity i.e. the equations of motion should
be invariants by Lorentz transformations. The equations of motion should be invariants in

inertial referential i.e. the same equations in different referential.



4™ condition-The respect of the gauge invariance i.e. a change on the system which does
not affect the action or the equations of motion: it is called a symmetry. Let’s take an example

in the classical fundamental law of dynamics:

d?x

This equation remain the same if we translate the origin of coordinates of a fix value or we
rotate the axles of coordinates of a fixed angles. Which is conserved in classical dynamics is
the total energy of the corpuscle: When there isa symmetry there is something which is

conserved.
2)The principle of least action for a non charged corpuscle:
2-1)The equations of Euler-Lagrange:

A corpuscle which have the generalised coordinates {q;, i = 1,2,3} follow a trajectory

developed in time and which have the equation [5]:
q=q;(t), i=123 (2-1)
Here referring to the referential R we have (q; = x,q, =y,q3 = 2) .

The components of generalised speed are defined as:

=" i=123 (22

The action S associated to the corpuscle is defined as:

S = [L(q;q;t).dt (2-3)

Where L is a function of gq;, ¢, and possible of t.

The quantity S is extreme for the real trajectory of the corpuscle. We have:
dS =0 (2-4)

If we put that the g; are independents from each else and that the variation of the function

L(q;, g;, t)is happened at constant time we get the Euler-Lagrange equations as follows:



. (j—;) - :—; =0 (2-5)

The solutions of equations (2-5) define the trajectory of the corpuscle.

The quantity L is linked to the energy of the corpuscle an it is called almost the kinetic
potential. It is the difference of kinetic energy and the potential energy of the corpuscle in the
case that the forces which act on the corpuscle are derived from a potential i.e. they are

conservatives forces.

In case that those forces are non conservatives the Euler-Lagrange are [5]:

d (0L oL

E(a_ql) o - (2-6)

Where Q; :generalized forces.

The importance of Lagrange equations is that instead we treat with vectors quantity such as
forces and accelerations in the classical dynamics, we have scalar quantities where appear

only positions and speeds .
2-2) The Hamilton equations:

We define the generalised momentum or conjugate momentum as:

oL

Pa =5 - (a=1,.... ,n),n:number of freedom degrees (2-7)

We define the Hamilton function or Legendre transformation of Lagrange function L(q, q,t)

referring to the generalised speed as:

H(q,p,t) = X 4o (q,0)-pe — L(q,4(q,p),t) (2-8)

From that the q,&p, are independents we get the equations of Hamilton as the following:

. 0H
qa = apa (2-9)
. OH



dH oL

%= o (2-11)

With the condition that H(q;, g;,t) is independent from time we get also [6]:

dH 0H
il 0 (2-12)

The Hamiltonian of a corpuscle is the total energy of the corpuscle i.e. the sum of its kinetic
energy and its potential energy. The advantage of the equations of Hamilton is that they are
equations of the first order but Lagrange equations are of the second order. Also with the
equations of Hamilton we deal only with positions and moments, the notion of inertia doesn’t

appear explicitly.
2-3)Canonical formalism:

Let’s have a dynamical system with only one degree of freedom[25].1ts configuration is
completely determined by giving two dynamical variables g & p called conjugate variables .
its evolution is determined by the Hamiltonian function H(q, p) which characterise the system

and from we get the equations of motion:

dq _ 0H _ i
2 = op = @ 4] (2-13)
dp _ _0H _ i
%= " aq — pH] (2-14)

Equations (2-13) &(2-14) are the canonical equations or Hamilton equations of the system.

The symbol [ , ] signify the Poisson crochet defined as:

_0f 99 _9f 9g _

Where f & g are any dynamical function of the variables & p .
In particular we have:
l[g.p] =1 (2-16)

A replacement of reversible variables Q(q,p)& P(q,p) are canonicals when the new
variables Q & P satisfy equation (2-16):



[Q,P]=1 (2-17)

It is the only condition required for the conservation of the Poisson crochet by this variables

replacementi.e.:

— 9 09 _9f 99 _9f 09 _9f 09 _ ;

And also the only condition required to conserve the canonical form of the equations of

motion:
d OH
LT =[QH]  (2-19)
dP _ 0H
Py aQ = [P, H] (2-20)

Let’s consider this case: let’s have a given P(q,p) can we associate to it a function Q(q, p)
in order to get a replacement of dynamical variables which is defined will be canonical?. As

itis indicated , it is sufficient to insure that the transformation is reversible i.e. to insure that:

oP
% & —p don’t vanishes simultaneously: (2-21)

So the condition (2-17) becomes a partial derivation which determine Q(q,p) .

Let’s remark that the condition (2-21) is only locally condition, it doesn’t insure the

reversibility of the transformation only in a certain neighbours of the plan (gq,p) .

2-4)Equation of motion:

Let’s suppose that the corpuscle is in rest in the referential R’. The action S’ of the corpuscle
pp p

in this referential is as:
dS' =L'.dt' (2-22)

Where L' is a constant that we search. In principle this constant is the kinetic potential of the
corpuscle in the referential R'. It is different from the conception of the classical mechanics
which consider the mass is “’inert’” and has no function only to resist to the variation to the

speed of the corpuscle.

The principle of relativity requires that:



dS' =dS (2-23)
So we get:
L.dt=1L".dt (2-24)

The position of the corpuscle in the referential R is x = V.t and so from equation (1-9) we

get:

! VZ
dt' =dt. [1-5  (2-25)

Replace (2-25) in (2-24) we get :
’ 2
L=1L. 1—6— (2-26)
For weak speeds we should found the expression of the kinetic energy in the classical

mechanics. So when V' « ¢ we get from equation (2-26):

, 1 ., V2
L=1L —E.L.; (2-27)

It is evident from equation (2-27) that:
L'=—-m.c? (2-28)
And so from (2-26) and (2-28) we have :

L=-mct 1-L (2-29)

CZ
We generalise the equation (2-29) for every speed of the corpuscle :

L=-mc? [1-2 (2-30)

2

And that from (2-30) the moment of the corpuscle is:

JL muw
PG T (2-31)
CZ
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We define the inertia of the corpuscle as the ratio of its moment to its speed:

§=0="r (2-32)

v v2
NEar

The energy of the corpuscle is equal to its Hamiltonian in (2-8) i.e.:

m.c?

E=H=pv—-L= == ¢{.c* (2-33)

==

If this corpuscle is in motion in the referential R it signify that it is under a friction force due
to vacuum which is the extension of the space-time. Remainder that space-time according to
Planck system of unities is like a ’foam’” of energy. The same idea of continuous media for
vacuum (or space-time) is presented by Lev Landau &E.Lifchitz in their theory of fields [7]:
to determine the position of a corpuscle we should have a referential filled with an infinite
number of bodies everywhere in space and it behave like a “’medium’’. Every body had its
own clock which it function in an arbitrary manner. This system of bodies is the referential of
the theory of the gravitation i.e. the theory of general relativity as presented by Landau &
E.Lifchitz. If we choose an arbitrary referential in the theory of general relativity than the
laws of Nature should be available in any system of coordinates: we will conclude a similar
conclusion in our actual development. So we summarise that we can predict that there is a
gravitational interaction field due to our corpuscle and the strength of this field can determine

the coupling constant "'G". Yes constant "’G'’ is an universal constant and is also predictable.

The action of the “’foam’’ on the corpuscle is a friction force which act in the opposite
direction of motion. This force is a serial coefficients of the exponents of the speed of the

corpuscle. We take only the first exponent i.e. the friction force is as:
f=—-av (2-34)

This friction is of course independent from the choice of the corpuscle i.e. it is universal. The

coefficient of friction ""a’’ is declared as a new universal constant.

We associate to the corpuscle an inertial time as:

11



§=a.t (2-35)

Its inertial time inrestisas :

m=a.t, (2-36)

Idem for inertial length as :

l=c.t (2-37)

And inertial length in rest as :

lp=c.7p = % (2-38)

We have always this relation ship for inertial time :

T == (2-39)

’ 2
v
1_6_2

It is very easy to verify that equation (2-39) is invariant by Lorentz transformationsi.e. we

have in referential R’ the inertial time of the corpuscle is:

T = = (2-40)
%
Where :
r _ dx i
v'=— (2-41)
Proof:

We can consider that the speed of the corpuscle is constant between the instant ¢t and t + dt in
the referential R which corresponds to the instants t' and t’ + dt’ in the referential . From

equation (1-9) we get:

_ 1-vV/c?

dt’ = 22U gt (2-42)

vz
N2

If we indicate by 7’ the inertial time of the corpuscle in the referential R’ and by 7 its inertial

time in the referential R than from (2-42) we deduce that:

12



, 1-v.V/c?

T =—F—.1 (2-43)

Replace (2-39) the expression of 7 in (2-43) than we have:

T
T = —=—— (2-44)
{2
(1——'2';/ )2.c2

Let’s determinate the speed v’ of the corpuscle. From (1-8) and (1-9) we have:

v =T =0 (2-45)

B A
1-%

Replace (2-45) in (2-44) we get:

T == (2-46)
!/
1—”C—2
And that’s CQFD.

"
Cc

The constancy of the speed implies the constancy of the energy and momentum in

inertial referential as the following:

E? —p2.c2 =m?.c* (2-47)

And also the constancy of the pseudo-module [8] :
ds? = c?.dt? — dx? — dy? — dz? (2-48)
The moment can be written as the following:

p=¢v==.v (2-49)

It is evident that a corpuscle with a speed ¢ has a moment f according to (2-49).

The Hamiltonian is as:

H=a.1.c? (2-50)

13



If we add another dimension to the referential R which is the inertial position "'c. '’ of the

corpuscle , the speed of the corpuscle along this dimension is from (2-9):

OH c
d(a.t.c) -

(2-51)

Where "a.t.c"" is the moment of the corpuscle along its inertial dimension.

The friction force along this dimension is from (2-10) as:

—0H _ ]
e~ &€ (2-52)

"o
Cc

Itis like that the corpuscle had a speed of along its inertial dimension and there is always

a friction force equal to "’ — a. ¢"" which act on along this dimension.

It is evident that the equation of motion of the corpuscle in the three dimensional space isas

(thinking in classical manner) :

dp d

T=f-av (253 oo —(ptaX)=f  (254)
Where f : all unknown forces which act on the corpuscle ;

—a. v : an universal friction force which act always in the opposite side of the direction of

motion due to vacuum which the same the space-time.
X the position of the corpuscle.

But equation (2-54) is non relativist invariance we can’t take it and we will see how to replace

it to get the kinetic energy of the corpuscle as in classical mechanics.
Let’s remark that when we write the position Xof the corpuscle in fourth space dimensions as:
X=(c1,x,9,2) (2-55)

The speed of the corpuscle in fourth dimensions is :

V= (c.5,%y,2) (2-56)

"
c

This speed should coincide to along the inertial dimension when the energy of the

corpuscle is varying. So we have:

14



% =1 (2-57) :when the energy of the corpuscle is varying;

dt =0 (2-58) : when the energy of the corpuscle is constant (i.e. its three

dimensional speed is constant in module) .

So the speed in fourth dimensions is :
V=(c,x,y,2) = (c,v) (2-59)

The moment in fourth dimensions is :

P=a.7.V=(a.t.c,p) = m.c. =m.c.ul =pt (2-60)

1 v
f 2’ , 2
v v
1_C_2 C. 1_6_2

Where u! is the quadric-dimensional speed in the forth dimensions space-time (ct, x, y, z).

i _ ax’ ]
ut=— (2-61)
With x® =c.t,x1 = x,x2 =y,x3 =z (2-62)

ds =c.dt. [1— :—j (2-63):deduced from (2-48).
And:
pt =m.c.ul = (é,p) (2-64)

The square of the vector x' is the following pseudo-module:
(x%)? = (x1)? = (x?)? = (x*)? (2-65)

This square doesn’t change for every fixed rotations of the fourth coordinates system where
the Lorentz transformations are a particular case (We follow the same analysis done by Lev
Landau & E.Lifchitz in their book “theory of fields” ).

In general we call a quadric-vector A’ the fourth quantities A°, A, A2, A% when in fourth
transformations of coordinates system they are transformed as the x‘. In Lorentz

transformations we have:

15



a°0-Z a1 ar-Z g0 ,
A ="e2 o oqv =TT 4P o2 A =43 (2-66)

Here V' is the three dimensional speed of R' (O',c.t’,x',y’,z").
The square of every quadric-vector is the pseudo-scalar as defined in (2-48).

In order to simplify writing equations, we introduce another kind of quadric-vector as the

following:

Ag =A% A, =-AY, A,=-A%2  A;=-A3 (2-67)
The square of the quadric-vector is now as the following:

AlA; = APAy + ATA; + A%A, + A3A, (2-68)

The quantities A are called the contra-variant corposants and the quantities A; are called the

covariant corposants of the quadri-vector.

The scalar product of two quadric-vectors is as the following:
A'B; = A°B, + A'B; + A’B, + A3B; = A;B" (2-69)
The product A'B; is an invariant scalar for every fixed rotations of coordinates system.

So for a corpuscle its four speed is :

0o 1
U =u’ = =,
i
—-X
U, = —ul = ’
v2
C. ’1—6—2
Uy = —u2 =—2— |
-2
c. 1>
—z
uz; = —ud = (2-70)

We remark that:

16



ds? = dx;dx* (2-71)
So we get that:
uly; = 1 , p'p; = m?.c? (2-72)

The fourth acceleration of the corpuscle is defined as:

i_d_ui_dei i
wh=——=—2 (2-73)

Deriving (2-72) we get:
uwt = utw; = 0 (2-74)
We define the quadric- force vector as :

dp; du;
gi = d—i = m. c.d—i (2-75)

Its elements verify the identity:

giut =0 (2-67) :deduced from (2-65)
We have:

. dp? dul F. F
g'="=me = (—1= (2-68)

With:
. @ . i m.uv _ . . _
=_= dt( _vz) (2-69) :the ordinary three
2

dimensional force
Lets develop the expression of g; :

1 dE . m.c? dE
0= — with E =

= = . D
9o g 2 v2 dt v2 dt
c“e. 1_C_2 1_6_2

17



g1=—4 =)
C. 1_C_2 1_6_2
92=-9" ==,
C. 1_C_2 1—(:—2
-1 d , mz
93 =9’ ==, () (2-70)
C. 1_0_2 1_C_2
Replace (2-61) & (2-64) in (2-67) we get:
1 dE X d m.x y d m.y
0=gu'= — = — 2 -
_royodt ) dt 2 ) dt 2
c2.(1—) c? (1 Cz) 1_16’_2 c? (1 c2> _’C’_Z
z d m.z
_v2\"dt 2
c? (1 Cz) _1;_2

12 (50)-52(E5)-25(E1) =0 @

Suppose that v # ¢ than (2-71) becomes:

oy 2o . ) . ) . .
aF _ (THy+z7) dE X pdx Yy pdy Z pdz (2-72)
dt c? dt c? dt c? dt c? dt

So:

dE v2 E dv?

w(1-%) -0 =0 (2-73)

Let’s do the following balance in equation (2-73):

*If v = constant than we get from (2-73) that 0 = 0 (nothing) but we are in contradiction to

our hypothesis that the energy is varying so we should exclude this case.

. . dE _ d
*The energy is varying so we have Fris (a. c?. T) = a. c? than we get from (2-73) &

(2-41):

18



With:
&= %.m.v2 (2-75)
And :
dt ;%.“ﬂ (2-76)
g

So we get from (2-74), (2-75) & (2-76) that:

1-2=1 (2-77)

c2

It comes that the corpuscle should be in rest (v = 0) but we have exclude the constant speed.

From (2-74) we have:

3

% a.c2(1-%) (2-78)

Toresolve the dilemma of equation (2-78) that the energy is varying and the speed of the
corpuscle is approximately constant is that the speed of the corpuscle vary slowly close to the
speed of light "'¢"":it is the balance which we search. I think that this dilemma is similar to the
dilemma of wave-corpuscle duality: how to have a corpuscle present in a position (t, x) and
the same time it is a plane wave present everywhere, the solution was that the speed of the

corpuscle should be identified to the group speed of a packet of plane waves.

Another solution is that the speed of the corpuscle is varying slowly nearly zero to be

approximately conform to equation (2-78). In this case we have:

—im% (@79)

c?

Let’s remark that when the corpuscle has a speed closely to "¢’ it signify that a corpuscle is
like light and it can have a wave behaviour. It signify also that it should be maintained in

motion by an external force equal approximately to ""a.c".
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Let’s define the proper time ''¢''of the corpuscle as the following:
d{ = — = dt. |1—— (2-80)

The time ""¢"" is the time indicated by a clock moving with the corpuscle at the same speed: it

is like it is attached to the corpuscle. Between two positions A & B is space-time we have:

_ 1 tB _ tB v2
(B—(A_;.ftA ds—ftA 1-=.dt (2-81)
We remark that the proper time is always less the time of the referential of motion :we

conclude that a mobile clock function slowly than a fixed clock.

The laws of Nature are invariants in inertial referential. The referential of the fixed clock is an
inertial referential but the referential of the mobile clock is not an inertial referential. If the
motion of the corpuscle is happened approximately in constant speed than its universe line is a
straight line parallel to the axle of time. A universe line of a corpuscle is its trajectory in four-
dimensional space-time constructed by the universe points from which the corpuscle passes .
A universe point is the three dimensional space coordinates x,y, z and the time t when the

corpuscle passes.

The interval of time of any clock is of course % [ ds among its universe line (Suppose that

this clock is attached to a corpuscle). The universe line of a fixed clock in an inertial
referential is a straight line parallel to the axle of time. In another hand we have that the fixed
clock indicate always a time interval superior than the interval time indicated by the mobile
clock. It comes that the integral [ ds between two universe points presents its maximum value
if those points are linked by a universe straight line. We suppose that those points and lines

which links them are that the elementary intervals ds along those lines are times genre.

An interval is a time genre when the module of the line which link two universe points

(c.t1,x1,¥1,271) and (c. ty,x,,Y,, Z,) IS positive.

This module is the following square:

s, = 2t =1,  (2-82)

with: ti; =t —t; and 1§, = (r —x)* + (2 = ¥1)* + (22 — 71)?
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If the square (2-82) is negative than the interval is a space genre.

Two events had a causal relation only if the interval which separate them is time genre. This
result comes from that any interaction can’t spread with a speed more than the light speed.

The notions of “before’” and * after” had an absolute sense.

In our case the corpuscle can’t be in motion in constant speed because its energy is varying
continuously. Than to be conform with the image of constant speed the motion of the
corpuscle should be in curved trajectory to get the same length interval as in straight motion
in constant speed. An important conclusion that the motion of free massive corpuscle never
can’t be in straight line: it is always curved. This phenomenon is called universal gravitation:

the vacuum curve the motion of every massive corpuscle.

The same analysis can be done referring to the proper time of the corpuscle. From (2-80) we

have:

fds=fcdl=[[1-%cdt<[cdt (283)

If the speed is augmenting continuously than from (2-83) we get an interval less than the case
of constant speed and to be in coherence with the image of constant speed than an observer

attached to the corpuscle see the light in curved motion.

To be coherent from the beginning, let’s search the action of the corpuscle in the quadric-
dimensional space-time. The first idea which comes is that this action is proportional to the
integral of the interval ds. We should at first verify that ds’ = ds to be conform with (2-14).
We can take it also as a demonstration of equation (2-15) by following the same path of Lev
Landau & E.Lifchitz in their book “Theory of fields”.

In the referential R’ we have also from equation (2-82):
S’%Z == Cz.t,%Z - l,%Z (2'84)
With: t', =t —t'; and 15, = (', —x')*+ (V2 —y'1)* + (22 — 2'1)?

For light which move with constant speed c in the two inertial referentials R & R’ we have of

course that:
$T2 =51,=0 (2-85)
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We can consider that equation (2-82) or equation (2-39) are the intervals between two points
in the quadric-dimensional space-time (ct, x, y, z) but with a special form geometry: The

Minkowski geometry.

From (2-85) it is evident that if ds = 0 in an inertial referential that ds’ = 0 in any other
inertial referential. In another hand ds & ds' are infinitely little in the same order that we can

consider ds? & ds'? are mutually proportional:
ds? = y.ds"? (2-86)

The factor of proportionality y is only a function of the absolute relative speed of the two
referentials and is not a function of space coordinates and time coordinate otherwise the
points of space-time will not be equivalents as implies the homogeneity of space-time. This
factor is also independent from the sense of the relative speed because this makes default of

the isotropy of space-time .

Let’s have three inertial referential R, R; & R, and let’s take V; & V, the relatives speeds of

respectively R; & R, in the referential R .So we have:
ds? =y(V}).ds? & ds?=vy(V,).ds3 (2-87)
We have also:

dst =y (V1,).ds3 (2-88)

Where V,, the absolute speed of K, referring to K;. So from (2-87) & (2-88) we get:

v _ :
Y/ Y (Vi2) (2-89)

But V;, depends not only of the modules of V& V, but also of the angle between the two
vectors. As this angle doesn’t exist in the first member of equation (2-89), so equation (2-89)

can’t be verified if only the function y (V) is equal to one. So we have:
ds? = ds'? (2-90)

We return now to search the action of the corpuscle in four dimensions. For a free corpuscle
i.e. a corpuscle which is not under any force, the action is an integral of a scalar. The unique

convenient scalar is the interval ds .So the action should be as:
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B
S=a.[ ds (2-91)
With : a a constant which characterise the corpuscle.

The integral ff ds has its great value along a universe straight line. Along a curved line this
integral will be more great. For the principle of least action of a mechanical system we can
define an integral S called action which presents a minimum for real motion i.e. its variations

&S are equal to zero. It comes that the constant a should be negative.

We have:
§S=a.[/8.ds=0 (2:92)

Or from (2-62) we have:

ds = dx;dxt _ dx;5dx?

0dds = u;déx*

Than :
88 = a. [, widéx' = a. [ [d(w;6x") — 8x'dw;]  (2-93)
So:
5S = a. [u;6x']5 — a. ff Sxi%ds (2-94)

As in classical mechanics to find the equations of motions of a corpuscle we should compare

many trajectories of the corpuscle which all pass from two given points i.e. satisfying the limit

conditions that (6x%) 4 = (6x%) = 0. The real trajectory of the corpuscle is deduced from
du; :

the condition that S = 0. Than we conclude from (2-94) that d—t = ( expressing the

constancy of the speed of a free corpuscle in the quadric-dimensional form of coordinates.

To determinate the variation of the action as a function of coordinates , we put that the point A
is given as (8x*), = 0 and that the point B is any point of space-time which satisfy the
equation of motion i.e. its belong to the real trajectory of the corpuscle. In consequence the

integral in (2-94) is equal to zero and by putting that (§x%)g = 8x" it comes :
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5S = —a. u;. Oxt (2-95)

. . . . - S 9S 0s
Referring to classical mechanics the partials derivations 9%’ 9y ' o2 are the components of

as . . . .
the moment vector of the corpuscle and — 5 1 its energy. So it comes that the covariant

components of the four moment of the corpuscle is:

as
Py === —au = (C,—p) (2-96)

oxt
So we deduce from (2-96) and (2-61) that:
a=-m..c (2-97)

The transformations of energy and moment are as follows:

E =22 (2-98)
E
-2V
p == (2-99)

V2
N

Equations (2-98) ,(2-99) and (2-63) are what implies the relativist invariance of equation of

motion deduced from the principle of least action in four dimensions .
To find the equation of motion it comes from (2-63) that:

i _ 059s _ 1,0 as as

_ 05095 _ 1 .05\, 0S., 0S\p 2 _ 2
ppl_axiaxi_c2 (at) (ax) (63/) (az) =m

.c? (2-100)

Equation (2-100) is the Hamilton-Jacobi relativist equation of motion of the corpuscle. .

We have obtain the equation of motion (2-100) with the hypothesis that the quadric-
. . du; .
dimensional speed of the corpuscle % = (). But we had seen that a massive corpuscle can’t

never move in a straight line with constant speed otherwise it should be like light or it isin
rest. Equation of motion (2-44) is not the good equation, it is only a step to get the good

equation.

Let’s develop equation (2-44) and see what does it mean:
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_d*(atX) _ azx _ dv _d*@EXx) _dp
f=—pm =at_St2av=atr_—t2.av=—71"=——av
(2-101)

Let’s note that equation (2-101) is independent from the choice of the origin of the referential.

Let’s develop the conventional definition of the force:

d d(a.tv dv d muv m dv muw dv?
d—iz (dt )=a.v+a.T.E=E = | = 2'E+ 3 2
1_17_2 ’1_17_2 2'(1_6_2)3/2 "
C Cc
(2-102)

It comes that:

muv dv?
a.v = 2.(1—%)3/2 Za (2-103)
So:
m dv?
a= Sy (2-104)
We have:
2
dr = d| == | = —2— & (2-105)

= .
122 2.(1-%)3/2 ¢
1 =z 2

Replace (2-105) in (2-104) we have:

a="= (2-106)

To
We get nothing special.

Let’s define the following force as:

G:—: — — =( dt ,

)

ds v2 ' dt v2 ’ v2 dt v2 v2
2 —_ —_ —_ 2 —_ —_

ce. ’1 oz 1 =z c. ’1 =z ce. |1 z C /1 =z




With that:

F=2 (2-108): the classical definition of the force.
aw _ d

T odt
aw _|/m.cz\_d_H
ac ~ dt 2|
\5)

If we adopt the same definition in classical mechanics that W is the work of the classical force

(2-109)

F than we have:

_daw _ dE

F.v= Pyl (2—110)
We have also this relation:
p==.v (2-111)

v? = - (2-113)
From (2-107) we have:
fv=Fv—av?= Z—f— a.c?— a.n;.cﬁ = Z—f— a.cz.(Z —:—z) = %— a. v?
(2-114)
It comes that:
v=c (2-115)

The speed of the corpuscle is equal to "¢’ only referring to its proper time but the referential
which is attached to the corpuscle is not an inertial referential. The only way to get out from

this contradiction is to accept that the corpuscle can have a wave behaviour like light in a
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curved line motion. Along its inertial time coordinate the corpuscle is like light and had the

speed "¢’ . It is like maintained in motion with a force:

f=a.c (2-116)

The work of this force along the inertial length of the corpuscle is:
AEyinetic = f-Al (2-117)
With :

Al=1—-1y=c(t—1p) z%.ro'cvz

If v < ¢ (2-118)

Of course the force f = a. ¢ respect relativist invariance. This force ‘’maintain’’ the

corpuscle in motion with a speed c along its inertial coordinate. In the four dimensions space-
time the motion of the corpuscle is in a curved universe line but we can consider this motion

is constant between the time t and t + dt and the corpuscle is maintained in motion by the
force f = a.v just in this laps of time. At the same time the corpuscle can have a waving

behaviour.

Let’s suppose that the corpuscle is in constant speed. The characteristics of a plane wave is its

frequency w and wave-vector . We can form a four-vector k! as the following:
w
KO=2, k' =k k2= k*=k, (2-119)

Of course the four components should have the same dimension.

If the corpuscle can have a waving behaviour necessary there is a relation ship between its

four dimension moment and its four dimension wave-vector:

pi =p. kt (2-120)
Where:  [:anew universal constant .

So we have:

E
C

al|g

(2-121)
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p=p.k (2-122)
It comes that from equation (2-38) :
(B = (B-k)? = (m.cy? (2-123)

In other terms equation (2-123) becomes:

©F g2 = 5 (2-124)

c2

The wave-vector associated to the corpuscle is not a linear function of the frequency i.e. the
medium in which the corpuscle move is a dispersive medium. A dispersive medium for
waves correspond for the corpuscle to a viscous medium : there is friction in space-time and

this doesn’t surprise us.

The group speed of the wave is as defined :

_dw_dw dE_

Vo= e T un ks (2-125)

The phase speed is as defined:

_w_B p? | m2c? m2.c? c? v _f
Vr =g =5 C 32+ 5 = C ’1+ 2 —c.\/1+v2.(1 cz)_v

(2-126)

The corpuscle is like a packet of waves which are reinforced around its position and

annihilate themselves above. This condition requires that:

My Ax =1 Ak, Ay =1 Ak, Az > 1 (2-127)

Aw.At =1 (2-128)
Where  Ak: the uncertainty about the wave-vector;
AX: the uncertainty about the position of the corpuscle;
Aw: the uncertainty about the frequency (i.e. about the energy of the corpuscle)

At: the uncertainty about the time.
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The equation of motion is:

ap _ » -
P=f-av (2-129)

Which is only valid locally in the position X + AX at the time t + At .So this equation can’t
be the solution to found the real trajectory of the corpuscle. The only way to found the
trajectory of the corpuscle is to determine its action i.e. to apply the principle of least action in

a curved space-time and respecting the principle of uncertainty (2-127) &(2-128).

3)The principle of least action for a charged corpuscle in motion in an electromagnetic
field:

In the interaction of a charged corpuscle with an electromagnetic field we consider only its
electric charge e which can be positive, negative or equal to zero and we neglect its spin the

intrinsic momentum of the corpuscle.

The electromagnetic field is characterised by the quadric-potential A; which its components
are a function of coordinates and time. The action of the corpuscle is the sum of the action (2-

91) for a free corpuscle and the action of the electromagnetic field:

B e i
S= /[ (=mc.ds— y.= Aidx?) (3-1)
The factor % is chosen for commodity.

The coefficient y is a conversion factor since there is not any known relation ship between

the potential vector or the electric charge with the MKS system or cgs system. The only fact
which we know is that gravitational field is acting in great scale and electromagnetic field is

acting in microscopic scale.

The time component of the quadric-potential is the scalar potential of the field and it is noted

A° = @ and the three space components of the field are the vector potential A of the field.

We have:

A" = (p,4) (3-2)
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We can write the integral (3-1) as:

S = ff(—mc. ds + y.g.A. dX — ye.pdt) (3-3)

ax .
Introduce the speed v = P of the corpuscle , equation (3-3) becomes:

s= <—m.cz.\/1—7Z—z+V§.A.v—]/e-<P>-dt (3-4)

So the Lagrange function of the corpuscle is:

L=-m.c% /1—Z—§+y§.A.v—ye.<p (3-5)

The equation (3-5) is different from equation (2-21) for a free corpuscle by the term

]/S.A. v — ye. @ which describe the interaction of the corpuscle with the field.

.. OL. .
The derivative — is the generalised momentum of the corpuscle noted as . We found that:

ov
P= m‘”2+y§.A=p+y§.A (3-6)
5
Where p = m.v2 is the ordinary momentum of the corpuscle.
-3
[

The Hamilton function of the corpuscle in the field is:
m.c?

= + ye. @ (3-7)
VI

The Hamilton function should be written as a function of generalised momentum and as a

oL
H—V.E—L—

function of speed. From (3-6) & (3-7) we have:
(L2 - (P—yL.4)? = m2.c? (3-8)

c

Than we have:
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H= \/’mz.c‘* + c2.(P — )/S.A)2 +ye.@ (3-9)

Let’s write the Hamilton-Jacobi equation for a corpuscle placed in an electro-magnetic field.

This equation is obtained by replacing in the Hamilton function the generalised momentum

by Z—i and H by — Z—f . We get from (3-8):

(grad S — )/E.A)2 . §+ye.go)2 +m?2.c2=0 (3-10)

c2
3-1)Locally equation of motion of an electric charge in a field:

We suppose that the electric charge is small and can’t affect the electromagnetic field . We get

the equation of motion by varying the action so we can use the Lagrange equations (2-5) as:

w(5) =0 1)

We neglect any non conservative force in equation (3-11). The Lagrange function L is given

by equation (3-5).

The derivative % is given by equation (3-6). Also we have:

Z—)L( =VL = y%.grad(A. v) — ye.grad (o) (3-12)

As we know in mathematics that for any two vectors A & v we have:

grad(A.v) = (AV). v+ (WV). A+ v XrotA+ A Xxrotv (3-13)

Locally the speed v of the corpuscle is approximately constant so we take it constant . We

have:

oL e e

=y (vV).A + y-.v XTotA — ye.grad(p) (3-14)
And :

AVYv+AXrotv=0 (3-15)

So locally the Lagrange equations are as the following:
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d
E(p n VSA) — y%(vv).A + y%.v X rotA — ye.grad(¢)  (3-16)

Or the total differential %. dt include two terms the local variation % .dt of the potential

vector as a function of time in a given point of space and its variation when we translate of a

distance dX to another point. This second term is equal to (dXV)A . So we have:

an _ o _
L =2+ (V)4 (3-17)

Introduce equation (3-17) in equation (3-16) we get:

dp _ _ e 94 € -
— = Y -5 —ve.grad(e) +y—.v xrotA (3-18)

Equation (3-18) is the locally equation of motion of a charged corpuscle in an electromagnetic
field. In the first member of this equation we found the derivative of the momentum of the
corpuscle to time so the second member of this equation represent the force exerted by the
electromagnetic field on the electric charge. This force is composed of two terms. The first
term is independent from the speed of the corpuscle but the second term it depends and it is

proportional to the module of the speed and perpendicular to it.

The first term is called the intensity of electric field , it is noted E and is equal for one unit

charge:

E=-Y%_ y.grad(o) (3-19)

c ot

The factor after the speed v isthe second term of the force applied on a unit charge and it is

called magnetic field vector which is noted B and so we have:
B=§mmA (3-20)

So the locally equation of motion of an electric charge in an electromagnetic field is:

P =eE+evXxB (3-21)

Let’s establish the variation of the total energy of the corpuscle locally:

Lrotal — 9, P — oF p (3-22)
dt dt
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We remark that the work furnished to the corpuscle is only due to electric field, the magnetic

field doesn’t do any work for electric charges in motion.

Mechanical motion are locally invariants to the change of the direction of time which we can
deduce it from d—'; = (—=%—) in other terms the motion in inverse direction of a

dx\?

mechanical system is possible and product the same affects as in the first direction.

For electromagnetic field let’s remark that when we do the following substitutions t = —t,
E - E, B - —B theequation (3-21) doesn’t change but regarding to equations (3-19) &
(3-20) the scalar potential doesn’t change and the potential vector change its sign: ¢ — ¢,

A — —A . So when a certain local motion is possible in the electromagnetic field, the motion
in the inverse direction is also possible with the condition to inverse the direction of magnetic
field.

3-2)Gauge invariance:

Let’s remark that when we add a constant to potential vector and/or another constant to the
scalar potential in the equations (3-20) and (3-19) than the electric field and the magnetic field
doesn’t change: the question is that are the potentials of the field determined in only one

manner.

The electromagnetic field is characterised by its action on the charges in which they move
and inthe equation (3-21) there is only the electric field E and the magnetic field B so we
can conclude that two fields are physically the same only if they are characterised by the same
vectors E& B .

For a given potentials A & ¢ we can determine the field by equations (3-19) & (3-20) but as

we had seen that to a unique and the same field can correspond many different potentials . In
the general case lets add to the components of the potential A, the quantity — % where f is

an arbitrary function of coordinates and time. We get the new potential:

Ay =4, L (3-23)

dxk

This substitution engender in the integral of the action (3-4) a supplement term which is a

total differential:
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vl dxk=d(y.f) (3-24)

c axk’
Which doesn’t affect the equations of motion .

If we introduce instead the quadric-dimensional potential another vector potential and another
scalar potential and instead the coordinates x* the coordinates ct, x , y, z we can write the

fourth equalities (3-23) as:

A =A+grad(f) , ¢ =¢-— L (3-25)

c ot
It is very easy to verify that the electric field and the magnetic field given by equations (3-19)
& (3-20) don’t vary if we replace A & ¢ by the potentials A'& ¢’ given by equations (3-25).
So the transformation of potentials (3-23) doesn’t affect the field. So the potentials are not

defined in a unique manner, the vector potential is defined with a gradient function nearly and

the scalar potential is also defined to time derivative of the same function nearly.

Only the values invariants referring to the transformations of potentials (3-25) have a physical
signification. So all the equations should be invariants referring to this transformation: this

invariance is called gauge invariance.
3-3)Unification of fields:

Let’s take the locally equation of motion (2-54). It can be written as:
d
“(+aX)=f (3-26)

Where:
p: the momentum of the corpuscle;
X: the position of the corpuscle.

We can write the equation (3-26) as the following:

==t (3-27)

With :
P=p+aX (3-28)
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Equation (3-27) is like equation (3-16) but here the corpuscle is not charged. The only

potential which can curve the motion of the corpuscle is the field of gravitation.

Let’s define the following generalised momentum (canonical momentum) as the following:
P=p+ulU (3-29)
With:

p: the momentum of the corpuscle;

U= y.g (3-30) :if we are dealing with a charged corpuscle
U=a (3-31): if we are dealing with a non charged corpuscle
U=A4 (3-32): if we are dealing with a charged corpuscle in motion in

an electromagnetic field,;

U=X (3-33): if we are dealing with a non charged corpuscle in

motion in a gravitational field.

We should verify that the generalised momentum (3-29) is canonical.

We have for one dimension:

P = px + 1. Uy (3-34)

_9U, 0P, AU, 0Py
U, Op, Op, OUy

[U,, P] =1x1-0xu=1 (3-35)

For agiven P = P(Uy, p,) = p, + u. U, We can associate to it a function Q (U,, p,) = U,

with the objective that the dynamical variables change as defined is canonical ?. It signify

. : .. QP apP .
that the transformation is reversible >necessary condition: . & P don’t vanishes
X X

simultaneously. We have:
L =1&——=u (3-36)

We generalise (3-34) & (3-35) for the other dimensions. So our transformation of dynamical

variables is canonical.
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So we can write the Hamilton-Jacobi equation of motion for any corpuscle charged or not

charged in any field by going back to the equation (3-10) as:

(grad S — u. U)? —Cl. % +c.u.p)?+m?c?=0 (3-37)

2

Let’s take a non charged corpuscle. The force of first specie which is applied on the

corpuscle as referring to equation (3-19) is:

). ,
G=-L.>=—y.grad(p) = —grad(e") (3-38)

¢ at
With :
)¢

Pl 0 : we accept that this force vary slowly with time or independent from time.

@' =7vy.@ :isthe gravitational field

We choose the coefficient y as G becomes an acceleration. The corpuscle will be under a

force of a first specie as in classical mechanics:

f=maG (3-39)

The force of the second specie is as referring to equation (3-20):
F = %.rotX =0 (3-40)

The total energy of the corpuscle as referring to equation (3-7) is:

(3-41)

If we have v « c than the total energy is :
Erotar = M. C? +%.m.v2 + @' (3-42)
With:

@' = % @' (3-43)

3-3-1)Newton gauge:
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Let’s take a corpuscle in rest. Which gravitational field it create?.
From equation (3-38) we have:
div(G) = —V2¢' = —A¢’ (3-44)
The Newton gauge is when we have:
div(G) = —4.m.G.p (3-45)
With :
G: gravitational constant (Newton constant)
p: density of masses

The general solution for the equation (3-45) is as:
o =—G =2 (3-46)

Where :
dV = dx.dy.dz : volume element;
R: the distance between the corpuscle in the center and the volume element.
Of course we suppose that G has a spherical symmetry.

For low speed corpuscles the equation (3-46) determine the gravitational field for any masses

distribution. For one corpuscle we have:

¢ =" (3-47)

The force which is exerted on a corpuscle of a mass m' in this field is:

f=-m 2= _Gmm (3-48)

oR R2
We found the second law of Newton.
3-3-2)Coulomb gauge :
Let’s have a charge in rest .Which electrical field create?
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From equation (3-19)& (3-20) we have in general:

__Yr 2o _ — _9%8 (3.
rotE = o (rotA) — y.rotgrad(¢) = o0 (3-49)

divB =0 (3-50)
Equations (3-49)and (3-50) are called the first group of Maxwell equations without sources .
In electrostatic the Coulomb gauge is as:

divA=VA=0 (3-51)
So we have in electrostatic:

divE = VE = —%.%’4 —y.V2p = —y. V2 = —V?%¢' (3-52)

rotB = §V(VA) — V24 = —V?4 (3-53)
With:
' =v.9

Like the Newton gauge we suppose that the field E is spherical and radial and we impose
that:

divE = 4.m.0.p (3-54)
With:

o: electrical constant (Coulomb constant) ;

p: density of charges;
Equation (3-54) is called First Maxwell equation with source.

The general solution of equation (3-54) is as:
4 ;
o =o.[ - (3-55)

Where :
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dV = dx.dy.dz : volume element;
R: the distance between the charge in the center and the volume element.

For low speed charges the equation (3-55) determine the scalar potential for any charges

distribution. For one charge we have:
@ == (3-56)
The force which is exerted on a charge e’ by the charge e is :

_ 1991 _ogeer )
F = e o= (3-57)

So we found the law of Coulomb.
The electric field is as:

E=-L a—A—grad(go’) —_rod, oe

c ot c at R3

.R (3-58)

If we add another condition which is that the electrical field vary slowly or constant in time ,

we get:

04

=0 (3-59)
g.e F

E=""R=— (3-60)

3-3-3)Continuity equation for masses:

The variation of density of masses as a function of time is:
2 [ p.dv (3-61)
ot”

The variation of quantity of masses per unit time depends on the quantity of masses getting
out or in the element volume. The quantity of masses going in this volume is equal to pv. df
where v is the speed of a corpuscle in the point of space where exist the element . The total

mass going out the volume is as:
¢ pv. df (3-62)
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Where the integral (3-61) is extended to the total closed surface bordering the volume. So we

have:

%fp.de—gﬁpv.dfz—gﬁj.df (3-63)

The negative sign forward the second member of equation (3-63) is that the first member
should be positive when the total mass in the volume augment . The element of surface df is

oriented to the exterior of the volume.

Apply Gauss theorem to the second member of equation (3-63) we get:
95j. df = f divj dV (3-64)
Replace (3-64) in equation (3-63) we have:

. .  O0p
[(divj +=5)dv =0 (3-65)
The equation (3-65) is valid for any volume so we should have:
divj +22 = 0 (3-66)
Equation (3-66) is the continuity equation.

3-3-4)Quadric-vector current of mass or flux of mass:

For a corpuscle an element of its mass is as:

dm = p.dV (3-67)

Multiplying the two terms by dxt we get:

dm.dx = p.dV.dx' = p.dv. % dt (3-68)

In the left dm is a scalar and dx' is a quadric-vector so the product is a quadric-vector. In the

. . dxt . . . .
right dV.dt isa scalar so p. = sa quadric-vector noted as j* and called quadric-vector of

density of current of mass or flux of mass. We have:
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i :
it=p% (3-69)

The three space components of this quadric-vector define the three dimensional flux of mass:
j=p.v (3-70)

The time component of this quadric-vector is p. ¢ so we have:

jt=(p-c.) (3-71)

The total mass in a volume V' is the mass of the corpuscle so we have:
m=[p.dv==.[j°dV (3-72)

From equation (3-66) we deduce that:

i1 P2 i3 i
divj + 2 =20 4204 4 200D (3-73)

t_@ 0x2 0x3 ¢ Ot _ﬁ

For vacuum where absence of mass we have from (3-72):
4 3
mo = po .3 M. R (3-74)

With:
m, :the mass of vacuum contained in a sphere of radius R
po - the density of vacuum
Jjo = 0 :density of current of vacuum.

Normally we should take in consideration the action of vacuum on the corpuscle when

establishing the equation of motion of the corpuscle referring to the principle of least action .
3-3-5)Applications in classic physics:

Let’s have a classic corpuscle in motion nearly the border of the Universe. We draw a sphere
tangent to its motion. The gravitational action on this corpuscle referring to (3-48)is:

—-G.mgm

FO = R2

(3-75)
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Replace m, by its expression in (3-74) so:
Fo=—G.Z.ppm.m.R  (3-76)

The corpuscle interact with every point of space-time as like an harmonic oscillator.

The density of vacuum referring to equation (1-5) & (1-6) is:

M
Po=13= 1= (3-77)
So:
Fo=—%mGimR (378

For fine structure the electromagnetic force is the most important.

Let’s have two charges e in interaction .From equation (3-57) we have:

2

F=2 (3-79)

To compare the generalized momentums of classic non charged corpuscle and a classic
charged corpuscle , they differ by terms a. X and y.f.A . Let’s choose the coefficient y as a

product of two coefficients y'and ¢ in order to get:
a=y.2 (3-80)

X=cA (3-81)

If we replace (3-80) in (3-78) we get for fine structure:

4 yr?.e?
F=—.mG.
3 h.c3

.m.R (3-82)
The same conclusion, in fine structure charges interact with others like harmonic oscillator.

In equation (3-80) , a & ¢ are universal constants , ¥’ is a conversion factor so we can deduce
that there is an universal constant e, which has a dimension of electric charge. This constant

is called Maxwell constant .
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In fine structure the electrical force is so great compared to the gravitational force. For two

charged corpuscles with the same mass and the same charge in absolute value we have:

2

c.e? G.m
> (3-83)
So we get:
o
m <« e. \E (3-84)

The gravitational interaction is negligible if the mass of the corpuscles are under the

following constant :

MO - eo.\fg = %\E (3'85)

For: e, = e = 1.6 1071° Coulomb ,0 = 9.10° unities of MKSA system,
and: G = 6.67 10711 N.m?. kg2,
We have:

My, =1.858 10°kg  (3-86)

The constant M,, is called Maxwell mass.

The radius of interaction for microscopic sizes is as:

4
So:
3 h 1
R, = (E.a—j.Mo)s (3-88)

The constant R, is called Maxwell radius.

We define also the Maxwell force:
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fo=a.c (3-89)

Also the Maxwell pressure:

wy = L0 (3-90)

 4mR?

Maxwell period is as per definition:

R
To =" (3-91)
With M,, T,, R, we can define a new system of unities which match well with the microscopic

scale. For great scale we take the system of unities as defined by equations (1-5), (1-6) &
(1-7).

For microscopic scale the motion of the corpuscle is like nearly the center of the Universe.
The vacuum around the corpuscle create an attractive/repulsive force because of the

dissymmetry of the position of the two half of the Universe referring to the position of the
corpuscle: one half is always more near to the corpuscle than the other half referring to the
center: this force maintain the orbital speed of the corpuscle as constant in module after a

certain distance of the corpuscle from the center :we say that it is due to Dark Matter.

For great scale the motion of the corpuscle is like nearly the border of the Universe . The
vacuum in the sphere tangent to the motion of the corpuscle create a repulsive/attractive force
in the direction of the center. The corpuscle becomes accelerated in the direction of the

position of the corpuscle- center of the Universe: we say that it is due Dark Energy.
This phenomenon in the Universe is called scale invariance gauge.[8]

Of course equation of continuity is also valid for charges: instead we speak about flux of

masses, we say flux of charges...etc.

Negative charge correspond to negative pressure of vacuum in microscopic scale and vice

versa.
3-3-6)Lorentz gauge:

The second Maxwell equation with sources is as the following[9]:

44



Mo j+ 5.2 (3-91)

rotB =
c2’ ot

Itis possible to get the scalar potential ¢ and the vector potential A not coupled.
From equation (3-54) &(3-53)we have:

e 0VA

divE =V.E = —y. V¢ — Voo =4mop (3-92)
VxB=Yvx(@xa)=tvwa)-tvia="22j+ 2 %% (3-93)
With the condition (Lorentz gauge):
y 0 e _ )
We get:
a a
(3-92) Lz a—q) Y.V — = (L2 a—(f+y.§VA) =4.1m.0.p (3-95)
ve g g _Amoe ;e (v A Y 9., =
(3-93)>L.v2a =222 j 2 (JL 28 yv2) 4y (L.20) =
4moe .,  y.e 0%A y | y.e\op
-+ (L + )2 (3-96)

Let’s add another condition:

op )
2 =0 (3-97)

(3-96) becomes:

y.V2A= -1 g 1 OA (3-98)

c2’ at2

Finally we have:

(3-95)>5.22 - V29 = V2 = amos (3-99)
lﬂ_ 2 _i(’)z_A_él.n.a. )
(3-96)>5. 55 - V2 = 5 20 =21 (3-100)
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If vacuum, equations (3-99) and (3-100) had solutions in microscopic scale & also in great

scale.

3-3-7)Equation of motion of a charged corpuscle:

Equations (3-49) and (3-50) are the two first Maxwell equations without sources. Those

equations don’t characterize completely the electromagnetic field because if we want to

. B , _ OE
determine for example o e haven’t another equation for a

Equation (3-50) can be written as referring to Gauss theorem:
[divBdV =¢B.df =0=¢ (3-101)

The integral of the second term in (3-101) is for all the surface bordering the volume on

which done the integral of the first term.

The integral of a vector taken on a surface is called flux of this vector (&) through the surface.

So the flux of an electromagnetic field through a closed surface is equal to zero.

Equation (3-49) can be written as referring to Stokes theorem:

[rotE.df =§E.dl=-2[B.df =—2"=f.em (3-102)

The integral of a vector along a closed contour is called circulation of this vector along this
contour. The circulation of electric field is called force electromotive (f.e.m) in the

considered contour.

Let’s write the equation of motion of a charged corpuscle in motion in en electromagnetic

field using quadric-coordinates.

From equation (3-1) we have:

65 =68 [ (—m.c.ds—y.2. A;dx') = 0 (3-103)

Or ds = \/dx;dx? so we get:
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55 = j DdSx | € pasx +7.5.54,dxi
= (m.c.T y.z.i X y.z. idxt)

= — [ (m.c.udsxt +y.2. 4dsxt +v.2.54;dx') =0 (3-104)

dx; :
w =22 the quadric-vector speed.
L ds

Integrate by party the first two terms in (3-104):
[(m.c.u;déxt + y.%.Aid(Yxi) = [(m.c.u; + y.%.Ai)dc?xi — [(m.c.du; +

y.f. dA)Sxt =0 — [(m.c.du; + y.f.dAi)sxi (3-105)
Replace (3-105) in (3-104) we get:

e , e :
6S = — j{(m.c.dui + y.z.dAl-)(Sx‘ — y.E.SAl-dx‘}

04; i 0A; :
= — [{(m.c.du; +y.= .25 dxF)6xt — y.= . 25 5x*dx'}(3-106)

Equation (3-106) because we have:

dxk , 0A; = OAi sk

T axk

dAi_%

"~ oxk
Replace in (3-106) du; = %. ds and dx! = ulds and permitindices i & k in the third
term (which doesn’t change the result):

0A
ox

_ _ au; i e 94 i i_ . & 94k k i
5S = f{(m.c.dsds&c +y.-.oufdséxt —y.o.—ukdséxt =

e

—fim.c. S =y 2 (EE - Zhukydsoxl =0 (3-107)

c'(axi

The variations §x! are arbitrary so we should have:

m.c. 2y < (aAk — aAi)uk =0 (3-108)

ds e \axt  axk
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Equation (3-108) is the equation of motion of the charge written in quadric coordinates.

Let’s introduce the notation:

Fie = (55— 52) (3-109)

dxt  9xk

This anti-symmetric tensor is called tensor of electromagnetic field. The equation of motion

of the corpuscle becomes as:

du; :
m. c.d—i = y.g. Ft®q, (3-110)

With the notation A; = (¢, —A) we have from (3-109)&(3-49) &(3-50):

. _ __0Ay 04y _
l_Oik_O_)FOO_M_M_O
. . __0A; 0Ay _ 0A, dp 1
l_o'k_l_)FM_axo_axl__a(c.t)_a_;'Ex
i=0k=2>Fy,=-.E

’ 02 y' y
. 1
l=0,k=3_>F03=;.EZ

04y _ 241 _0p 04 _ -1

l=1;k=0_)F10:ﬁ_axo_ax O(C.t)_y.Ex

i=1,k=1_)F11=0

. _ 04, 04, _ 04,  0Ay ¢
l—l,k—z_)Flz—axl_axz—_ax+ay—_;BZ
o _ _ 04y 0A, 04, | 0A, _c

l_l’k_B_)F13_ax1_ax3__ax+az_;By
. _ 943 04, _ 094, , 0Ay ¢
l_z’k_3_>F23_ax2_ax3__E)y+az__;Bx
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1
fu=yl <6, B, 0 -cB, (G111
\—EZ —c.B, c.By 0
/0 —E —ky _Ez\
. E 0 —c.B, c¢.B
Flk= X z Y (3'112)

1

yll Ey C-Bz 0 _C.Bx
\EZ —c.B, c¢.By 0 /

For space components (i = 1,2,3) the equation (3-110) is exactly the vector equation of

motion (3-21).

For time component (i = 0) the equation (3-110) is exactly the work equation (3-22) which

becomes from the locally equation of motion.

We can verify that only three equations from the four equations (3-110) are independents: we
can multiply the two members of equation (3-110) by u' and as we know that u* and f are

orthogonal and the second member is :
F*u,ul = Fukul = 0 (3-113)

From equation (3-104) we have:

8S = —(mcu; +y=. A)6x" (3-114)
So we have:

as e e
—oasmeuty- A =pity-A =P (3-115)
So:
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p+ys.A| (3-116)

4)Lorentz transformations of the field:
4-1)Tensor algebra:
4-1-1)four-vector position of a universe point :

Let’s have an inertial reference R(O, ct, x, y, z) .A universe point X have the coordinates in

this spae-time (Minkowski vectorial space) as the following [10]:
X=Y;x'¢e (4-1)
Where:
e; : base of the Minkovski vectorial space M.
x?=c.t, x1 =x ,x2 =y ,x3 = z :the contra-variant coordinates of the Universe point.
i =0,1,2,3 :variable indices.
With Einstein convention for repetitive indices we write (4-1) as the following:
X =xl.¢ (4-2)

We do implicitly summation if only the same indices is viewed one time in the top and
another time in the down. For example T;; represent a diagonal element of a tensor (a
matrices) and not a summation. The trace of the matrices is T} so the convention summation

is applied for repetitive indices.

We call free indices an indices on which the summation rule is not applied and so it remains
asitis in the final expression and we call mute indices an indices which is the subject of an
implicitly summation and don’t appear as it is in the final expression. For free indices we
respect the rule of “balance”. In an equation the free indices which appears in the two

members should corresponds one to one and appears in the same position (up or down).
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We can associate for our space-time a scalar product , which is of course commutative.

Let’s have two four-vectors X = x‘.e; & Y = y/.e; , the scalar product is as follows:
XY= xly]ei.ej (4'3)

We pose a table of numbers of two indices as:

gij = €. €; (4-4)

The scalar product is as:

XY =g;x'y’ (4-5)

We hope of course that the scalar product have an expression which compatible with the
notion of interval in four dimension space-time. For this we should have X.X = c?t? —

x? —y? — z2 . We get a convenient scalar product is the gij Which we call metric tensor is as

follows:
1 0 0 0
0O -1 O 0

95={0 o -1 o) B
0 0 0o -1

In this table i is the line indices and j is the column indices.
4-2)Covariant coordinates:

We pose:
Vi = 9y’ (4-7)

The repetitive indices (up and down) in the right member of (4-7) is j .We should made
summation on all values of this indices. The indices i is a free indices which appears with the
same name with the same position in the two members of the equation. We call covariant

coordinates of the Universe point the components y;.

With this notation we have y, = y° & y; = —y! for i = 1,2,3. The metric tensor permit to
download or to upload the indices as an escalator with a general rule : the downloading or the
uploading of a space indices changes its sign and the downloading and uploading of a time

indices doesn’t change the sign.
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With those notations the scalar product of two four-vectors is as:

X.Y =x'y; (4-8)
And also:

XY =x;y'  withx; = g;x/ (4-9)
And :

X.e;=xleje;=g;x =x (4-10)

We can also write the inverse transformation which gives us the contra-covariant coordinates

as a function of covariant coordinates by defining a new table of numbers g as :
y'=gYy; (4-11)

We can write:

v =gy =gYgpy* =siy* (412)

With:

9" g = 5 (4-13)

With :

8L =0if i+ jand 1if i = j :Kronecker symbols.

As matrices the g¥ is the inverse of the matrices g; - We have:

1 0 0 0
=09 o0 21 o (4-14)
0 0 0 -1

4-3)Duality:

For a space vector M we can define a linear forms. A linear form associate for every vector a

real number (or complex). We note R a linear form and R (X) the real number associated to
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the vector X . A linear form is a linear function of its vector argument. So we have such

relationsas R(X +Y) = R(X) + R(Y) etc...

We can define on the ensemble of linear forms an addition and a multiplication with a real
scalar. This two operations confer to the ensemble of linear forms a structure of space vector:

it is called the dual of our initial space vector M and noted as M™.

Also if M have a finite dimension, its dual have the same dimension. Also if it is defined a
scalar product in the space vector M we can define a bijection between the space and its dual.
We associate to every vector Y a linear form ¥ defined as ¥ (X) = Y. X .A Universe point in
four dimensions space-time can be considered as a vector or a linear form. In fact the two

representations are the same one subject.

In the dual space we choose the base:

é'(e;) = 6 (4-15)

We have :

e,.Y=e.ey =g,y =y (4-16)

EY)=¢é(yle)=yléi(e)) =yl =y' #y; fori=123. (4-17)
So we have in general:

e,. Y=y, & E(Y) =y (4-18)

So we can form from a four-vector Y = yfe]- a linear form yje”f. The action of this linear
form on a vector X = x'e; isas y;é/(x‘e;) = y;x/ = ¥.X . The form constructed coincide

with the linear form Y associated to the vector Y. If the components contra-variants are the
components of the four-vector , the covariant components are the components of the linear
form associated to this vector on the dual base. As we can confound vector and linear form in
one physical subject , the writing of contra-variants components and covariant components

are different writing of the same quantity.
4-4)Change of referential, change of base:

We can write the contra-variant coordinates by Lorentz transformations as:
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x’i = Ll]x] (4'19)

Where x/ are the contra-variant components in the referential R and x'* are the contra-variant
components of the Universe point in the referential R'. We associated the line indices i for
the new referential and the column indices j for the old referential. In the Lorentz

transformations the table Lij is the following matrices :

_y
V2 V2
1 Z

A 1- 0 O
. \%4
-5 5
\ 00 1 0 /
0 O 0 1
The inverse transformation is as follows:
xb= (L7 jx" (4-21)

The inverse matrices (L‘l)ij is obtained by change in the matrices £! , V by — V.
The transformations of covariant coordinates in the dual space are defined as:
X’i = Li ].X'j (4'22)

Where L J is a table of numbers. Note that L J is different from Lj ;-We can deduce the

link between L} and Ll.j by the invariance of the scalar product which is a consequence of the

invariance of the interval. We have in this case:

x'y's = xty; with x'"=L'x) and y'; = L; *y,  (4-23)
So:

LYx L *ye = xty; = xTy; = 2Ty, 6F (4-24)
The relation (4-24) should be verified for every couple of vectors so:

LLk =6k (4-26)
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Let’s note that the left term in (4-26) is not a product of two matrices. It isa summation on
two lines indices. In Lorentz transformations the matrices are symmetric and the matrices of
transformations of covariant coordinates is the inverse matrices of transformations of contra-
variant coordinates and we get this matrices by changing the speed V' in contra-variant

matrices by -V .

The link between the two transformations is:
XY =x'g;y =x*guy" (4-27)

The metric tensor which expressing an orthogonal base is the same in all bases and so it is an

invariant by Lorentz transformation. From (d-8)and (d-5) we get:
xtgijy!l = LFx) g Lt y™ (4-28)
This relation (4-28) is always verified , so we deduce that:

Gim = L* gLt m (4-29)

Multiply (4-29) by g™ we get:

gnjgjm =6 = gnijjglelm (4-30)
So:
(gnjgkzﬁkj)ﬁl m = Om (4-31)

(4-26)> (g™ gL ;) L' 1 = L LT = LE L] (4-32)
So:

L™= gnjglekj (4-33)
The inverse relation of (4-33) is:

L") = gug™L; ! (4-34)

Let’s remark that for the coordinates the change of a space coordinate indices change the sign

and the change of the time coordinate indices doesn’t change the sign . In the passage from a
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transformation to another only changes in the sign the coefficients indexed space & time. The
coefficients only space or only time are unchanged. This is what we observe in Lorentz

transformation.

We can choose that acting on Lorentz transformations is only by the metric tensor and define

new quantities as the following:

LU = glkgt, (4-35)
Li; = guLk (4-36)
We have with those tensors:

x't =LY x) =LY gTRxg = L, (4-37)

Where the line indices is assigned to the new referential and the column indices is assigned to

the old referential.
Also we have:
X,l' = Likxk (4'38)

For the inverse change of the referential we can use the relation (4-26) without using the

transformation £~1.We have:

LY x'y =LY L Fxg = 6kx, = xp (4-39)
So:
xi = L* X'y (4-40)

This transformation is of course different from the direct transformation:
x'; =L, *x, (4-41)

The indices relative to the new referential i and the other relative to the old referential k
change the position (up/down) between the two expressions. In terms of matrices in case of
Lorentz transformation it correspond to a change of sign in the components space & time and

so taking the inverse of the matrices.
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We can do the same for the contra-variant components of coordinates or any combination of

mixture components as the following:

X' =L, x; (4-42)
x't =LY x) (4-43)
xp= L7 (4-44)
xt =Ly tx' (4-45)

Those four combinations are obtained by respecting the balance rule by assigning the first
indices to the new referential, assigning the second indices to the old referential and summing

on the indices of the coordinate which to be transformed.

We finish this paragraph by examining the transformations of the base vectors of our space-

time. We remark that:

yvi=Y.e=Y(e) &y ;=Y.e;=Y(e) (446

Where the e’; are the transformations of the base vectors. We can write:
Y.e', =L, 'Y.¢ (4-47)

In other terms the law of vector transformations is the same law of the transformations of
covariant coordinates which the inverse of the one of contra-variant components

transformations.

For the dual base we have:

yi=el¥) &yt =e(y) (4-48)
So we deduce:

'&’,. . ~ .
et =L ;& (4-49)
The vectors of the dual base are transformed like the contra-variant components .

4-5)Tensors:
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4-5-1)Contra-variant tensors :

The operation of tensors product permit to associate to a vector space M a space M @M more
great. For every couple of vectors X & Y of M we associate a vector X ® Y of M @ M.A base

of M ® M is formed of 16 tensor products obtained with the four-vectors base of M ,e; & e;.

The components of X @ Y in this base are the components of X & Y as the following:
XQY =xlyle® ej (4-50)

The dimension of tensor product space is 16. We define a tensor of order 2 completely contra-
variant TY which components are defined on the base ¢; ® e;. Ina base change with Lorentz

transformation the new components of the tensor are as:
.. _ . _] k

T'Y =Lt L/ T (4-51)

The inverse transformation is as:

TV = L, L)T'*m (4-52)

We can also consider that the tensor T is the image of its dual M* in M. The image W of a

vector V is:
wh=TUy; (4-53)

Its transformation as a four vector is:

W't =t Wk =L THV, (4-54)
But:
Vi =L™ V', (4-56)
So:

W't =i Ll Ty =Ty (4-57)

The operation of tensor product can be generalised for any number of terms. We can define

the space M ®* tensor product of M , k manner its self. The elements of this space have a
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dimension 4* are the tensors completely contra-variant of order k and their elements are

written as T k5P Those components are transformed as k Lorentz transformations.
4-5-2)Covariant tensors , Mix tensors :

Which was done for the space M can be done for its dual M* .We can define tensors of an
order 2 completely covariant where the components are written on the dual base product

tensor &' ® &/ as T;; - The Lorentz transformation of those quantities are:

We can do the tensor product of any number of dual space. We can also define subjects as the

tensor product of the space M with its dual M*.We obtain mix tensors of an order 2 (or more

if we use many times M & M *) which the components are written as T jfor M @ M* and

T; 7 for M* &® M. The transformation rule of such mix tensor is :
i i kgl

T’l ] —_— Ll lL] T k (4'59)

And it can be generalised for every mix tensor of any order.

Covariant components and contra-variants components describe the same physical subject.
The same thing is for tensors: a physical quantity represented as a tensor can be also written
as a tensor completely contra-variant, completely covariant, or mix in arbitrary manner. Like

for four-vectors the metric tensor g% or g; ; can be used to upload or download indices, so

we can write:

TV = g*g/'Ty, (4-60)
Tij = gikglek l (4-61)
T'; = guT" (4-62)

In terms of linear applications, all those forms are different manners to write the image Y of a

four-vector :
yt=TikX, =T, X* (4-63)

And:
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Y; = Ty Xk =T, *X; (4-64)
4-5-3)Terminology:

A tensor of an order 2 is symmetric if:

TYU =T (4-65)

We deduce immediately T;; = Tj; & T'; = T; ' So for a symmetric mix tensor we can write

itas Tji without order of indices. Note that in this case it doesn’t implies that Tji is the same

T/,

1

A tensor of an order2 is anti-symmetric if:
TU = —TJt (4-66)
A symmetric tensor can be written as:
/ 0 a Y az\
i = \__aix z? ;bz _IZ / = (a,b) (4-67)

—a, —b, by O

Where a is a vector and b is a pseudo-vector (which is transformed to its symmetric opposite
in a base change included a space reflexion). The couple electric field/magnetic field obey to

those conditions.

We call trace of a tensor of an order 2 the quantity T¢; = T; °.

We call contraction of a tensor the expression like T* l.j. The contraction of a tensor order k is

atensor order k — 2. The contraction of a tensor order 3 for example gives a tensor order 1
i.e. a four-vector. The trace is a contraction of a tensor order 2 and it gives a tensor order 0

i.e. a four-scalar.

Example for contraction of a tensor order3:
T =t T = s T = L0, T (4-68)
So it is a four-vector.
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As a tensor we have the metric tensor which is invariant by Lorentz transformation. It is a
symmetric tensor. Its mix form gji- = g“‘gkj = 6}'. The Kronecker symbol is the mix form of
the metric tensor. The relation between the contra-variant form and the covariant form

gYgji = 6} isonly a simple downloading of indices.

Finally we define a tensor order 4 completely anti-symmetric (Levi-Civita tensor) /!By the
256 elements of this tensor only are not equal to zero whose indices correspond to one
permutation of (0,1,2,3). If the permutation is pair the correspondent element is equal to +1. It
is equal to -1 if the permutation is impair. So there is 24 elements of the tensor not equal to
zero, 12 equal to +1 and 12 equal to -1. We have ¥ = —¢; ;. Finally we have: eV*!¢;;,, =

—24.

4-5-4)Derivation & vector analysis:
4-5-4-1)Derivation:

We can define for a four-vector which is a Universe point , the derivation by the contra-

variant coordinate as:

ai = — (4'69)

For a scalar function its variation is :

df = 8;f(x').dxi =L axi  (4-70)
! ' Oxi’

df is ascalar, and dx! is a contra-variant vector, 9; is a covariant vector. It is transformed as

itis in a Lorentz transformation:
o', =1L,"0, (4-71)
Where @’ represents the derivatives according to the new contra-variant coordinates.

The derivative according to the covariant coordinates is:
ot = g¥o; (4-72)

4-5-4-2)Vector analysis:
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If £ isa scalar function, 9;f generalise the gradient and we have:

0if = CL,vf) (4-73)
And:
o'f = 2L, -vp) (4-74)

If we have a four-vector A'(x/) = (a®, a) its divergence is defined as:

0a®

LA, = A. AL =
01A; = 9,41 = =

+V.a (4-75)

The analogue of the rotational is a tensor of order 2 completely anti-symmetric :
9tAT — 97 A (4-76)

In its covariant form the rotational is:

0;A; — 0jA; (4-77)

The Laplace operator of the space-time is the norm of the vector 9" :

;0! = A - ] (4-78)

c20t?

Which is the dalembertian [ ].

4-5-4-3)Integration:

We define a volume integral of space-time for any types of quantity as :
f dql (4-79)

Where dQ = cdtdxdydz the integral element in space-time.

A surface in space in three dimensions is a variety in three dimensions. We can define an
integral on those surfaces (a flux) with the condition to define a four-vector element surface
dst . A surface element is a little subject of three dimensions. It is defined by three four-

vector dx', dy',dz' . dS* should be orthogonal to any vector of the element and its length
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should be a measure of the volume of the surface element. To define dS* we form at first a

tensor of an order 3, dSUk as:

o |axt Ay ag
dSUk = ldxi dyl dz/ (4-80)
dxk dy* dz¥

The surface element is obtained by contracting this tensor with the tensor of order 4

completely anti-symmetric:

dst = — ekl dsy, (4-81)

We establish for surface integrals a theorem which generalise the Gauss theorem as:
J; AtdS; = [, 0;A'dQ (4-82)

Where V is a volume in space-time and S is its surface border.

So the integral of the divergence extended to all the space is equal to the flux on the sphere at

infinite. This is in general equal to zero for physical fields.

We can also define an integral on two dimensions varieties . The element of the integral is a
tensor anti-symmetric of an order 2 madden on the vectors dx‘& dy’ delimitate the integral

element:
dfY = dxtdy’ — dx’ dy* (4-83)

Finally we can define a curvilinear integral on a universe line. The theorem of Stokes link the

integral on a variety in two dimensions to the integral on its contour:
fAl-dxi = fdf”(alA] — a]Al) (4'85)
5)Generalised equation of motion:

5-1) A corpuscle in a field:

Let’s have a system of many corpuscles in a free field. The total action of this system is as:

S = Sfree corpuscles + Sfree fields + SInteraction (5'1)
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We consider here charged corpuscles to facilitate writing the equation of motion. For non
charged corpuscles do the conversion factors in unified field as defined in (3-30), (3-31),
(3-32) & (3-33).

In a first step we consider only one charged corpuscle in interaction with a free field. In a
second step we consider many charged corpuscles in interaction between each other and the
free field.

The action of a free corpuscle is as:

Sfree corpuscles — —MmMC f ds (5'2)

The field can be represented by a unique potential four-vector as A = (¢, A) and its action is

as:
Sintercation = = J V.- Aidx' = —q [ Adx'  (5-3)
With:

q= V-S is a constant which we call charge of the corpuscle.

5-2)Electromagnetic field tensor :

F;;, is per definition an anti-symmetric tensor of an order 2, the four-rotational of the potential
(¢, A) . It depends only of six independent coordinates. The three space-time coordinates are
the components of a space vector, and the three only space coordinates are the components of

a pseudo-vector.

We can write the space-time components as the following:

6Al- 6<p _ Ei

We pose :
__yoa_ ;
E=--.—"—v grad(e) (5-5)

Which is called electric field the real space vector defined.

The space coordinates of the field tensor are:
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c.B, 04y DA,

Fj, = — =t (5-6)
_CBy _ 04, | 04, ]

Fi3 = el v +— (5-7)
_ B _0A, 04y _

Fys = = +— (5-8)

If we introduce the pseudo-vector called magnetic field:
B = g.rotA (5-9)
The electromagnetic tensor describe well the Maxwell equations of electromagnetism.
We have:
Fy=(E,B) & F¥*=(—E,B) (5-10)
5-2-1) Change of referential for the field:
We have in an inertial referential:
F'(x't = L% jx0) = LV L, Fm(x))  (5-11)
Where the quantities F't* are relative to the new referential .

The transformations of fields are as the following:

E'. =E, (5-12)

, _ Ey-V.B, ]
E, = 1_];_; (5-13)
E, = w (5-14)
B', = B, (5-15)

v

, By+—.E,

B y == —V2 (5'16)
1-=
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|4
B,~—Ey

V2
NESrs

For the inverse transformations change V by — V.

B', = (5-17)

The transformations of potentials are as the following [11]:

04Y 401
A0 = % (5-18)
[L_v?
c2
114Y 4,0
g A (5-19)
172
o2
A% = A" (5-20)
A3 =A" (5-21)

For covariant components of the potentials we have:

|4 |4
Arg—=.Ary A= Alg / ’
A0=—CV2 ) 1‘11=—CV2 , Ay =A% , Az =475
1 1—
With the four-vector A = (¢, A) we have:
Q' +=Ar Al +—1
X — X ) Ay — Aly , AZ — A’Z

5-2-2) Invariants of the field:

There is two invariants which have physical interest. They are:
Fy F¥* = inv. (5-24)
eiktmp F, . = inv. (5-25)

This is due to the power of mathematics.

It comes that:
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c?B? — E? = inv. (5-26)
E.B = inv (5-26)

Another approach be described for the invariants of the field represented by anti-symmetric

four-tensor .

Let’s consider the complex vector:
F=E+icB (5-27)

The Lorentz transformation of this vector along the axle (0, x) according to (5-12)...(5-17) is

as:
F,=F, , E, =F,chd —iF,shf =F') cos(if) — F',sin(if) (5-28)

F, = F',cos(i0) + F', sin(i6) th(9) =~ (5-29)

c

The rotation of the vector F in the plan (0, x, t) of the four-dimensional space ( it is the
Lorentz transformation which we search here) is equivalent of a rotation of an imaginary
angle inthe plan (0, y, z) of the three dimensional space. The ensemble of all possible
rotations in the four-dimensional space (included the simples rotations of axles x,y & z) is
equivalent to the ensemble of all possible rotations of complexes angles in the three
dimensional space ( for the six rotation angles in the four-dimensional space correspond three

complexes rotation angles of the three dimensional referential).

The unique invariant of the vector according to those rotations is its square F? = E? —
c?B? + 2icE. B .So the real quantities E2 — ¢2B? and E.B are the unique invariants of the

tensor Fy,.
5-2-3)First group of Maxwell equations:

Equation (3-109) signify the electromagnetic tensor is the rotational of the potential. In three
dimension this propriety implies the nullity of'its divergence. Let’s establish this propriety in

four dimensions. We have:
Fik - aiAk - akAi (5'30)

We deduce that:
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0jFix = 0;0; A — 0,0, A; (5-31)
Oy Fj; = 0, 0;A; — 0,04 (5-32)
0;Fyj = 0,0, Aj — 0;0;A (5-33)
The sum of (5-31), (5-32) & (5-33) gives us:

0jFix + 0 Fj; + 0;F,; =0 (5-34)

There is only four independents equations of (5-34) where i # j # k. Otherwise the

components of (5-34) are equal to zero.

The first one is for indices 1,2,3:

0,F,3 4+ 03F, +0,F3;, =0 (5-35)
ie.

V.B=0 (5-36)
For the other three equations we have also that:

_ 0B

o (5-37)

So we found the first pair of Maxwell equations (homogeny Maxwell equations)which are the
existence of a scalar potential and a vector potential.
5-2-4)Fields as a function of sources:

We will establish the equations which links the field to its sources i.e. to the motion of
charged corpuscles. In the following we suppose that is imposed the dynamics of corpuscles
and we are interested only to the dynamics of the field. The dynamic variables are the values

of potentials or fields in every space-time point.
5-2-4-1)Interaction field-current:

We consider an ensemble of punctual charged corpuscles whom motion is imposed and they

are indexed with indices () .
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Instead to pose that the charges are punctual we consider that the charge is repatriated in a
continuous form . This allows as to define the density of charge p and to pose that pdV is the
charge contained in the volume dV.The density of charge is a function of coordinates and
time. The integral of p represents for a given volume the charge contained in this volume. We
shouldn’t forget that the charges are punctual and that the density p is equal to zero
everywhere except in the points where localised punctual charges; the integral | pdV should
be equal to the sum of the charges contained in this volume. This permit us to represent the

density p as:
P =2« e(a)a(r —1(a)) (5-38)
Where :

) T'(w) are respectively the charge and the position of the corpuscle a.

6(x) isthe function defined as §(x) = 0 for every x # 0, for x = 0, 6(0) = oo but
f:: S(x)dx = 1.

If £ (x) is an arbitrary continuous function than:
J22 )8 (x ~ a)dx = f(a)
In consequence we have f_t: f(x)6(x)dx = f(0).

The limit of integration can be different than +co and the domain of integration can be anyone

but should contain the point where § exist.

The signification of those equalities is that their members furnish the same result when used

as a factors under the sign of integration:
§(—x) = 6(x),6(ax) = ﬁ(ﬁ(x) .
And in general we have:
1
Olo(x)] =)i——6(x — a;
Where the q; are solution of ¢ (x) = 0 and ¢’ (a;) the derivative of ¢ (x) at the point a;.
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For three dimensional space we can define a function & (r) which equal to zero everywhere
except in the origin the three-dimensional coordinates system and also its integral extended to
the total space is equal to one. This function can be represented in the form of a product of

()8(»)6(2) .

Per definition the charge of a corpuscle is an invariant i.e. it is independent from the choice of

the referential. The density p is not an invariant but the product pdV is an invariant.

Let’s multiply by dx* the two terms of the equality = pdV :
dedx’ = pdVdx' = pdVdt "= (5-39)

In the left we found a four-vector ( because de is a scalar and dx' is a four-vector).In

consequence we should found in the right a four-vector. As dVdt is a scalar ,so p % isa

four-vector. This one noted ! is called four-vector of current density:

o dx! ]
Jt=p— (5-40)

The three space components of this four-vector define the three-dimensional density of

current:
j=pv (5-41)

Where v is the speed of the considered charge. The time component of this four-vector is pc .

So we have:

jt=(pc.J) (5-41)

The total charge contained in all space is equal to the integral [ pdV extended for all space.

We can represent this integral in a four-dimensional form:
[pdv ==[jodv ==[jidS; (5-42)

Where the integral is extended to a four-dimensional hyper-plan orthogonal to the axle x° .In
a general manner the integral % [ jtds; extended to an arbitrary hyper-plan represents the sum

of charges whom the universe lines cut this hyper-surface.
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Instead of punctual charges e we introduce a continuous repartition of density p and so the

action due to interaction charge-charge and charge-current is:
1 .

Sinteraction = — ;f pAdxtdV (5-43)

If we write it in this form:

1 dxt 1 y
Sinteraction = _Efpd_x;Aidth = _ZfAi]L d (5'44)

Where :

dQ = dVcdt = cdtdxdydz (5-45) (four-volume)
5-2-4-2)Interaction charge-field:

To find the form of the action Sg,. rie1q We refer to an important propriety of electromagnetic
fields which is that the experience shows that the electromagnetic fields satisfy the principle

of superposition: the field generated by a system of charges result only in a simple addition of
fields due to every charge taken separately. In other terms the field vector resultant is equal to
the sum of all vectors values in the point of every fields considered separately. Every solution
of field equations is a field which can be realised in the Nature. According to the principle of

superposition the sum of two fields should be a field which can exist in the Nature and should

verify the equations of field.

It is known that the linear differentials equations had the propriety that the sum of their
solutions is also a solution. In consequence the equations of the electromagnetic field should

be linear differentials equations.

So in the action Sgr.e fie1q We should have a quadratic expression under the integral referring

to the field.

The potentials of the field can’t be used in the expression of the action Sgr. fie1q DECAUSE they
are not defined in one manner (univocal manner and this univocal manner have no importance
in the definition of S;;terqction)- We conclude that Sgr.., rieiq is an integral of the tensor Fy, of
the electromagnetic field. But because the action should be a scalar , it should be the integral
of a scalar. The unique scalar existent in this case is the product F;, F**. The function under

the sign of the integral in the expression of the action Sy, fie1q shouldn’t contain any
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derivative of F;;, because that the Lagrange function can’t contain except the coordinates of
the system ,only the firsts derivatives according to time. The role of coordinates (i.e. the
variables according to them we execute the variations of principle of least action) is assumed
here by the potentials A, of the field. Reminder that in classical mechanics the Lagrange
function of a mechanical system contain only the coordinates of corpuscles and their firsts

derivatives according to time.

Concerning the quantity e*'™F,, F,,., it represents the total four-dimensional divergence and
its insertion in the expression of the Sy, fie1q doesn’t affect the equations of motion. This

quantity is excluded from the expression of the action independently of the fact that is a

pseudo-scalar. This pseudo scalar can be represented as a form of four-divergence
; d , d : . - —_— :
ekmE, F = 4— (etktm 4, . Am) which can be easily verified because ekm js anti-

symmetric.

So the action of fields is as:

Sfreefield - - MI FlkFlkd'Q (5-46)

Where k & G are positive constants to choose one and determine the other.

The total action is:

S = —{f mcds += [ Ajl dQ+ F F*dQ} (5-47)

K
2048.m3.G f
For many charges the action is the sum of equation (5-47).

6)The second pair of Maxwell equations:

When we search to establish the equation of the field from the principle of least action , we
are obligated to pose that the motion of the charges are given and to vary only the potentials
of the field (which play in this case the role of coordinates of the system ).In the inverse sense
to establish the equations of motion, we had pose that the field is given and we vary only the

trajectory of the corpuscle.

In consequence the variation of the first term of equation (5-47) is maintained equal to zero

but in the second term we should only vary the current j.So:
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= ——f jL6A; + Fi 6F*1dQ  (6-1)

512. 3Gf

For equation (6-1) take in consideration that F;, 6 F* = FIK§F, .

6Ak 04;
oxt  oaxk

3] d
=_—f{ ~JjI8A; + /51’2030 Fik =84y — /51’20361?* -§A;}dQ (6-2)

Permute in the second term of (6-2) the indices i & k on which we do the summation and

Substitute in (6-1) F;, = we get:

replace F,; by —F;, :

—_Yrliicn ke 9 }
S =—=[{j's4 /128 CFik_254;}d0 (6-3)

Integrate by party the second integral which means apply the theorem of Gauss:

_ Yl
5= cf{c] +\I128n3aa k}SAd

In the second term we should take its value in the limits of integration. The limits of

—— [ FksAdS,  (6-4)

integration on the coordinates are extended to the infinite because the field disappear in the
infinite. In the limits of integration on time i.e. in the initial and final instants given the
variation of the potentials is equal to zero because according to the principle of least action
those potentials are known in those instants. In consequence the second term of (328) is equal

to zero and thus we get:

1.; K.c2
JCit+ /128 366 k}SA ,dQ =0 (6-5)

As the principle of least action implies that the variations §A; are arbitrary, the coefficient of

6A4; in (6-5) should be equal to zero:

ik ,
ortk 1 128.n3.Gjl (6-6)

oxk c? K

Rewrite those equations (i = 0,1,2,3) in three-dimensional form .

For i = 1 we have:
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10F10 gfF1l  gfF12  gfi3 1 |128.m3.G .
- == [ (6-7)
c ot ox ady 0z c? K

By substituting the values of the components of the tensor F* we get:

1 0E, 9B, +c B, vy 128.11:3.Gj (6-8)
- - X

c ot "oy 0z c? K

The equation (6-8) and the succeeded equations for (i = 2,3) can be written as a unique

vector form:

1 0E y [128.713.G ,
rotB=—=—+ = 6-9
c? ot t c3 K ( )
Finally for i = 0 we have:
OF%  QF°t  Q9F°%  QF03 1 [12873.G .
=——= |/ 6-10
0x90 T ox1 T 0x? T 0x3 c? K J ( )

By substituting the values of the tensor F¥* and the current j° we get:

divE = y? |2 (6-11)

The equations (6-9) and (6-11) are the second pair of Maxwell equations as formulated by

H.A.Lorentz for the electromagnetic field in vacuum contained punctual charges.

We can write equation (6-11) as:
divE = 4mop (6-12)

With o constant. So we have:

K
y =oc¢ 8.t.G (6-13)

In fact don’t forget that conversion coefficient y is a product of two conversion coefficients
v'& ¢ . If we resolve the problem for one coefficient, it remains unsolved for the other so the

second group of Maxwell equations remains inhomogeneous equations .
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To resolve the problem for one coefficient we had build a theory so there is experiences to do

& so there is new technologies to rise.

Resolving the problem for the second conversion coefficient needs a new theory to build, new
experiences to do and new technologies will rise but we will notice that this coefficient is in
fact a product of two coefficients....etc. So the science will be never had an end: welcome to

the city of science.
7)Continuity equation for charges:

The variation of the charge contained in a given volume is represented by the derivative

d

In other hand the variation per unit of time depends on the quantity of charge going out or in
this volume. The quantity of charges going in this volume per unit time among the element df
of the surface bordering this volume is equal to pvdf where v is the speed of displacement
of the charge in the point of space where exist the element df . Asit isuseful in usage , the
vector df is directed in the same sense of the extern vector orthogonal to this surface i.e. in
the same sense of the orthogonal vector directed out the considered volume. So the quantity
pvdf is positive if the charge go out the volume and negative if the charge go in the volume.
The total charge going out per unit time of a given volume is equal to ¢ pvdf where the

integral is extended for all the closed surface bordering this volume. So we have:

2 [ pdV = —§ pvdf (7-1)

The minus sign before the second member of (7-1) is introduced to consider the first member
positive when the total charge in the volume is augmenting. The equation (7-1) is the
conservation law of continuous charge called also continuity equation written in an integral

form.

We remark that pw is the density of current ,we can write the equation (7-1) as:

] ,
I pdv = —§jdf (7-2)
In a differential form we apply Gauss theorem for the second member of (339) :

¢ jdf = [ divjdv (7-3)
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We get:
. . 0

[ (divj +%2)av =0 (7-4)
Equation (7-4) should be verified by integrate in any volume , so we should have:

. . 0p
divi+—=0 (7-5)

ot

(7-5) is the differential form of the continuity equation.

We can insure that the expression (5-38) which give p as a function of § verify automatically
the equation (7-5).

Let’s suppose that it exist only one charge as:
p =edé(r—ry) (7-6)
The currentis :

j=evd(r—rg) (7-7)

Where v :is the speed of the charge.

. .0 . . .
Calculate the derivative a—i . When the charge move its coordinates varies so rg vary.

We have:
9p _ 9p dro
at  dry ot
ory . . .
Or a_to is the speed v of the charge . In the other hand as p is a function of r — ry we have
dp _ _0p . .
org - or and so in consequence :
7] . - . .
a_i = —vgradp = —div(pv) = —divj considering that v as independent from r .

So we get the equation (7-5).

In a four-dimensional form the equation (7-5) is obtained by putting equal to zero the four-

divergence of the four-current :
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ajt
pyh 0 (7-8)

In equation (5-42) we had established that the total charge can represented as % f j ‘ dS;

where the integration is extended to the hyper-plan x® = const. In another instant the total
charge can be represented by a similar integral extended to another hyper-plan orthogonal to

the axle x° . We can easily verify that the law of charge conservation is coming from the
equation (7-8) i.e. the integral fji dS; is the same for any hyper-plan of integration x0 =

const.

The difference between the integrals f j L dS; taken on two hyper-surfaces x® = const can

be written as 45 jidSi where the integral is extended to the closed hyper-surface bordering the
four-volume existing between the considered hyper-plans (this integral is different from the
difference obtained by an integral extended to the lateral hyper-surface localised at the
infinite which is eliminated because there is no charge in the infinite). With Gauss theorem
we can transform this one on an integral in the four-volume existing between the two hyper-

plans and be insured that :
§jids; = [Lda =0 (7-9).

CQFD.

This demonstration remains available for two integrals [ jidS; extended to two hyper-surfaces

infinites chosen arbitrary (and not only for hyper-plans x° = const ) which bordering
all the three-dimensional space. Those considerations shows that the integral %fji dS; only a

unique value (equal to the total charge contained in the space) for any integration hyper-

surface .

We had seen in equation (3-94) that the gauge invariance of equations implies the

of
e

conservation of charge . In the equation of motion (5-47) let’s replace A; by A the

integral Cizfj"%dﬂ will be added to the second term of (5-47): this is the conservation of
charge given by the continuity equation (7-5) which allow us to write the expression under the

symbol of integration as a four-divergence % (fjY and with Gauss theorem this integral will
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be transformed as an integral on the hyper-surfaces bordering the four-volume .Those
integrals will be eliminated when we vary the action and thus will not affect the equations of

motion.
8)Density & flux of energy:

Let’s multiply equation (6-11) by E and equation (6-9) by B we get :

L2482 |20 it ErotB - B.rotE =
c at at K

c3

-X /% E.j — div(E x B) (8-1)

With the notation H = B. ¢ equation (8-1) becomes:

9 |c E2 2 = —j E— di i

at[ (& +H)]— j.E — divs (8-2)

With

s=<. ExH=22ExH (8-3)
y "+ 128. 3G

S . is called Poynting vector.

With:
c K
A= )_/ 8.1m.G (8-4)
Equation (8-2) becomes:
2| (E% + H?)| = —j.E - divs (8-5)

Integrate (8-5) in a certain volume V' and apply Gauss theorem for the second member we get:

9 (AEHD) Gy — _ [j.E dV — $S.df (8-6)

at 641
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If the integration is extended for all the space, the surface integral disappear because at the
infinite the field is equal to zero. Referring to equations (3-67) & (3-38) or (7-9) &(3-38) for

punctual charge instead of density of charges we can write:

- d 144
[j.E dV=fpv.EdV=E[Z =+ 9" |] (8-7)
Tz
So (8-6) becomes:
4 fMdV+Z mer o =0 (8-8)
dt 64T =z ¢ N

1=z

For a closed system which composed of charged corpuscles and electromagnetic field the
quantity between parentheses in (8-8) is conserved. The second term of this expression is the
total energy of all the corpuscles i.e. it evolves their kinetic energy and their potential energy.

So the first term represent the energy of the electromagnetic field itself. The quantity:

_ A(E?+H?)
T 64m

w (8-9)

Is called density of energy of the electromagnetic field.

For vacuum when there is no charges & no masses and if we suppose taht the average density

of the energy of vacuum tends to zero ,we get from (8-9):
EO == ilHO (8'10)

There is an electromagnetic field associate to vacuum. If the magnetic field of vacuum H, is
imaginary than the electric field of vacuum Ej is real and so it can interact with charged
corpuscle. The other way is also correct. We have take only corpuscles without spin, if they
are with spin they can also interact with the magnetic field of vacuum. We can take equation
(8-9) as an average of electric field and magnetic field which the sum given by (8-9) is equal

to zero.

For a finite volume (8-6) becomes:
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DN pAERHD gy s 2 4 o || = —§5.df = — [divSdv  (8-11)

For vacuum (8-11) becomes:

o [ A(E*+H?) . _ -
S| FEE2av| + [ divs dv =0 (8-12)
Equation (8-12) is valid for any volume so:

2 O (B2 + HZ) +divSy = 0 8-13
eam9p (o + Hg) + divSe = (8-13)

We can deduce (8-13) directly from (8-2).
9)The meaning of the constant "a’’:

From equation (2-39) we have in Cartesian coordinates:

72, (1 — M) =1 (9-1)

C2
Differentiate (9-1) we will get :

xX%+y2+z?

2.0.(1- ) 4+ 2 (2 [+ .9+ 2.2]) = 0 (9-2)

Let’s consider one dimension the abscissa coordinate:

(1- ’C‘_j) — Zjﬁ(x-f) =0 (9-3)

So we get :
P
(1—’;—2)2—%;&.55:0 (9-4)

Let’s suppose that the speed of the corpuscle tends to "¢’ so from equation (9-4) we deduce
that the acceleration tends to zero : we can’t apply on the corpuscle any force, there is a

maximum force to apply . Also the power to transmit to the corpuscle had a superior limit: we
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can’t exchange any amount of energy with the corpuscle instantaneously, there is always a

delay time to exchange energy and that’s which translate this new constant.

10)Wave-corpuscle duality:

For m = 0 it correspond to light which have a peed equal to "c"’. It is possible that we can

treat corpuscles and waves as the same thing.

If we can treat a corpuscle as a wave , we can represent it by a plane wave as the following:
Y(x,t) = A.exp(ik.x — iw.t) (10-1)

Where :

A: the amplitude of the wave function;

k : the wave-vector,

w: the frequency of the wave.

The principle of relativity implies the invariance of phase of the wave i.e. we have:
x.k—wt=x"k'—w't (10-2)

Let’s suppose that the corpuscle is in rest in the referential R’, so we consider that it’s wave-

vector in this referential is equal to zero (nothing is in propagation):
k=0 (10-3)

And so we deduce that;

k=2 (10-4)
1%
w/!
=15 (10-5)
So:
w/!
k=—"".p (10-6)

81



W= (10-7)
k= j’—z v (10-8)

We generalise those equations for every speed of the corpuscle.

But in this conception there is a major contradiction: how do we accept that a corpuscle which
limited in space-time extension can be represented by a plane wave which is present
everywhere. In 1927 de Broglie had found the solution by applying the principle of non-
contradiction: the corpuscle is a packet of waves which reinforce each other in a limited
region of space-time and annihilate each other above. The group speed of waves is identified

to the corpuscle speed.
11) Unity-multiplicity duality:

As a consequence of de Broglie conception the corpuscle is considered as a unique object and
also multiple of superposing waves. The wave function associated to the corpuscle has a

quasi-monochromatic frequency w and a wave vector k verifying the principle of uncertainty

as follows:
Ak.Ax > 1 (11-1)
Aw. At > 1 (11-2)

The group speed v, of the packet of waves is the speed with which the energy is transmitted

ts definition is as follows:

Lo (11-3)

Vg dw

From (10-6) and (10-7) the uncertainties are as the following:

w'!
Ak = — . Ap (11-4)
w!
Aw = . AE (11-5)
We have:
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w!
Ak.Ax = — Ap. Ax (11-6)

w'!

Aw. At =

AE. At (11-7)

m.c?’

From equations (11-1) & (11-2) we deduce that:

2

Ap.Ax = 7 (11-8)
2
AE.At > (11-9)
w'!
2
The constant mwc, should be independent from any corpuscle. We declare it an universal
constant.
We put:
m.c?
= h (11-10)

The constant 7 should have a very low value in the MKS system.
Equations (10-6) & (10-7) becomes:

hk=p (11-112)

hw=E (11-12)

It is very easy to verify that:

1 _dk_ i (11-13)

Vg T dw

And that what is CQFD.

12)Viscosity-dispersion duality:

The equation of propagation of the wave function (Klein-Gordon equation) is:

1 02 m

LZ @) - = -2y (12-)

We define the following operator called also d’ Alembertian:
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=19 _po (12-2)

Equation (12-1) can be written also as the following:

m2 c?

@ t) = - =9 t) (12-3)

The d’ Alembertian of the wave function is not equal to zero so there is dispersion of the wave
function. The medium in which the packet of waves is in propagation is a dispersive medium:

there is attenuation of the packet of waves with absorption of energy.

A dispersive medium for waves correspond for corpuscles to a viscous medium. The equation

of motion of the corpuscle is:

dp _ _ _
T=f-av (12-4)
Where:

f: all unknown forces which act on the corpuscle;
—a.v: an universal friction force which act on the opposite side of motion of the corpuscle;
a : friction coefficient of the space-time (or mechanical impedance of vacuum).

So we can conclude that for wave-corpuscle duality there is another duality which is

viscosity-dispersion duality of space-time .

Equation (12-5) is the same equation (1-4).

We define the momentum of the corpuscle as:
p=¢%v (12-5)
Where :

¢ . the inertia of the corpuscle;

v : the speed of the corpuscle.

From equation (12-4) we deduce that:
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fv+e=f-av (12-6)

We put that:
é =a (12-7): if the energy of the corpuscle is varying;
=0 (12-8): if the energy of the corpuscle is constant.

So we deduce from (12-7) &(12-8) that :
f=a.rt (12-9)
Where:

7. is the inertial time of the corpuscle;

With:
dt = dt (12-10): if the energy of the corpuscle is varying;
dt =0 (12-11): if the energy of the corpuscle is constant.

If the corpuscle is in rest that we associate to it an inertial time in rest as:
m=a.t, (12-12)
So we get from (12-6):

2.a.v

lim (S epeo = UMY = 0 (12-13)

rn II

So the speed of the corpuscle tends to a constant and this constant is declared as an

universal constant: we know that it is the speed of light in vacuum.

We get the transformations of space and time (1-8) & (1-9). Also we have the transformations

of momentum and inertia as the following:

VZ
\] -z
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p = piv (12-15)

V2
N

p'and &' are respectively the momentum and the inertia of the corpuscle according to the

reference R'. There is always invariants in inertial references to conserve the same speed of

light. We have here an invariant which is:
£ -2 =m? (12-16)

Now we can write equation (12-4) as:

_ d2(EX) ]
f=%x (12-17)

Where :

X: the position of the corpuscle.

We can take this formulae as a beginning for the equation of motion of a corpuscle and we get

the same results. Let’s develop equation (12-17):
fF=EX+2.¢8v+EX (12-18)

In a referential inertia equation (12-18) should be independent from the choice of its origin so
we get from (12-18):

E=0 (12-19)
So:

E=a (12-20)
And so on.

13)How to determine the constant "a" :
13-1) Black body radiation:

This experiment is the black body radiation [12] .Let’s have a cavity in a temperature T with a

little hole from which we measure the energy and power of the emergent radiation.
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13-1-1)Black body thermal equilibrium:

The number of photons of the frequency v at the thermal equilibrium is :

1

—hN (13-1): Boltzmann formulae
exp(k_—T)—l

n=

Where  h = 6.626 10734 .s: the constant of Planck
k = 1.380 10723, °K ~1: the constant of Boltzmann
T: the temperature of the black body

The energy of photons at the frequency v is:

E,=nhv= - (13-2)
exp(ﬁ)—l
The power of photons at the frequency v is :
2
P, =n.a.c?=—% (13-3)

o)
13-1-2)Number of modes contained in the interval of frequency év :

For a length L there is a stationary polarized wave if we have:

LA _.T )
L_]'E_]'kj (13-4)
So:

&=j§ (13-5)
j:integer , A:wave length , k;: wave vector.

The interval between two successive waves numbers is :
8k =~ (13-6)

The number of values of k included in an interval &k is very high than §k. This number is :
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& = ok.2 (13-7)
A stationary wave contains two waves . The number of modes 6M is the half of the number of

values of k so:

sM = L (13-8)

2.
In three dimensions we get:

Ly.Ly.L;.8ky.8ky.5k,

SM = 6M,.8M,,.6M, = e (13-9)
le.

V.5k3
M =2 (13-10)
With: V=1LyL,.L,
The photon had two states of possible polarisation so:

2.V.5k3
M == (13-11)

8k 3 is the spherical volume interval in the space of k and it is equal to :

4. k2.6k = 5k3 (13-12)
So:
5M = % =L k2.6k (13-13)

With k = 2? : the wave vector.

So we get:

5M = 8m.V. % 6v (13-14)
13-1-3)Black body volume power density:
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The cavity of the black body enclose 8 M modes which everyone contains the power given

in (13-3).
So the power which is contained in the interval of frequency 8V is:

a.c?

——.0 13-15
exp(%)—l v ( )

2
6P = PB,.6M = 8m.V.~.
c

Here k is the Boltzmann constant.

The volume power per frequency interval v is:

sP 2 a.c?
AP == 8. i (13-16)

.dv (13-17)

hv .
Replace x = k—; in (13-17) we get:

k2T? 5 a.c? kT
X exp(x)_l.de (13-18)

1
P = fO 87'[;

So:

_ (o 8makdT? x? _304(3).0.a.c® .3 -
P= Py (x)_l.dx ==—_r——T% (13-19)

with:  ¢(3) = 1.202056...., {(x) =z;;°=1n—1x (x > 1) :Riemann
function (or Zeta function).

8.m5. k*

= m =7.5610"1° j.m_3.°K‘4

o

P have a dimension of [W.m™3]

mn_r

Than P is a linear function of T'3 where the linearity coefficient contains "’a’’ so we can

determinate it.
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13-1-4)Volume energy of the black body (Planck law):
The energy contained in the interval of frequency 8v is:

81.V.v2 hv

Y Sy (13-20)

¢t Cexp(iz)-1

SU=E,.6M =

The volume energy per interval of frequency dv is:

S8E  8m.h.v3 1
== = ] ) 13-21
dU %4 c3 exp(%)—l dV ( 3 )

By integrate (13-21) we found:

3
_ 8mk* 4 (oo (Z_;) hvy _ 4 )
U= TR 'fO Wd(}ﬂ) =0.T (13 22)
With:

_ 8mok?
"~ 15.h3.c3

= 75610716 j.m 3.°Kk~*  (13-23)

Because we have:

[O X dx=T (13-24)

exp(x)-1" 15

U have a dimension of [j.m™3]

13-2)Power of radiation (Stefan-Bolztmann law):

The law of Stefan-Boltzmann gives the power of radiation going out from the black body per

unit surface .

The power of radiation per surface unit is:
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2.5 k*
U =

c
R =-. .
4 15.c2h3

T* =o' T4 (13-25)

With:

, _ 2mSk*
"~ 15.c2h3

=5.67040 x 1078 W.m™2.K™* (13-26)
R have a dimension of [W.m™?]
It is like the quarter of energy going out through 1 m? to a distance of 3 108 m in 1 second.

The coefficient% is the same coefficient which use Planck in the F.Kurlbaum experimental

formulae to cancel time and prove that the constants h & k have the same values as in its

earlier communication [21].
13-3)Limits of the constant ""a"":

If the Universe is dominated by an isotropic radiation than we have its state equation as [13]:
. R
Pressure of radiation = 3 (13-27)

The total power is:

Prot = P.V =% (Ly Ly + Ly Ly + Ly. L) (13-28)
So we have:
30.J(3).0.a.c? 2.m5.k*
n4.:ac T3.Ly.Ly.L, = 45’;%3 T* (Ly.Ly+ L, Ly + Ly.L,) (13-29)
Than:
30.{(3).a.c? 8mS.k* _ 2mSk* 1,1 1 i
m*k  "15.h3.c3  45.c2h3’ T. (Lx + L, + Lz) (13-30)
So:
360.((3).a.c? = k.c.T.w* (- + —+ =) (13-31)
X y VA
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Let’s design by D a characteristic dimension of the Universe, we have:

360.{(3).a.c? = k.c.T.m*.> (13-32)
Than we will have that:

_ kTm* (13_33)
a= 120.(3).c.D

If we take for D = 4,4, the wave length which correspond to the maximum of energy
radiation of homogenous Universe ata temperature T = 3°K than we have from Wien

displacement law [14]:

Ao T = C,y = 2.8997785 1073 m.°K (13-34)
So:

_  kr?m* _ 1.38107233%m* 31 -1
a= 120.0(3).c.C,y  120.(3).3.108.2,91073 9.657107"" kg.s (13-35)

In the other hand with the meshing done for space-time by equations (1-5), (1-6) & (1-7) the

density of vacuum is a mass M in a volume of L3 than we have:

po =% (13-36)

The energy density of vacuum is :

a?.c

EO = po.Cz = T (13'37)

Cosmologists find by observations that the vacuum density is approximately as [16]:

00 =~ 1072% g.cm™3 (13-38)
So we deduce that :

a=2 10726 kg.s71 (13-39)

We can say that constant "a”’ is:

9.657 10 3kg.s7' <a <2107%¢ kg.s™? (13-40)

92



We need another experience to slice about the value of constant "'a’’ such as the photoelectric

experience or the black body radiation experience.

We can think in another manner for the constant "a". A mole of perfect gas occupy a volume
of 22.4 liters at the normal conditions of pressure and temperature (1bar & 20 °C). We

suppose that photons doesn’t interact with each either.

So the distance D = (22.4 liters)s = 0.282 m and we have kT = 404.34 10~23joule than:
a=~ 3233 1073t kg.s7?! (13-41)

We should expect that the number of corpuscles in this volume should be near the Avogadro
number (N, = 6.02 1023) if of course Boltzman statistics still valid for photons (but it is

wrong because photons are relativist corpuscles and there is another statistics to follow).

From equation (13-19) we deduce the density of photons:

n = P _308@)0 m3 (13-42)

a.c? itk

Sofor T =20°C &V = 22.4 liters the number of photons is:
N=nV =114 103 # 6.02 1023 (13-43)

13-2)The model of the Bohr atom:

Let’s take the model of Bohr atom to get an idea about the value of the constant "a" . In this
model the electron is oscillate with an amplitude x, at the Bohr radius a, .The oscillations are

orthogonal to the radius a, . We use the cgs system.

In a position r, the speed of the electron is equal to zero with :

ro = ai + x5 ~ ag(1+ 5% (13-44)
It’s energy is:

E, =— (13-45)
In the position a, it’s energy is:
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2

E,=—R, = —*— (13-46)

2.a,

With the Bohr quantification condition:
m.v.a, =h (13-47)

The energy difference is:

AE =B, —Ey =Ro—> ~ Ry (1-2) =20, (13-48)

To a3

With:

Wy = \/g (13-49): the frequency of oscillation of the electron
m

2 42

mwe.a

K =

(13-50) :the stiffness of the oscillator [3].

It comes that:

M.Reo

=2k X5 (13-51)
ag

T

With the condition that =2 < 1. So:

Qo
a~ 12610738 g.s71 (13-52)

Itisa very low value. In this model the electron is at a fix point from the centre of the mass
equal to Bohr radius and it oscillate with an amplitude x, in any sense . It can also spin

around the centre of vibration in any sense.
13-3)The model of Bohr atom considered as a black hole:

Let’s consider the model of the Bohr atom as a Universe so it obey to the equation (13-33).

The acceleration of this Universe obey to the Hawking-Unruh formulae [19]:

. 2n.c.k.T
D =
h

(13-53)
Replace the expression of kT given by (13-53) in (13-33) we get:
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h.D.m3
a=—-
240.(3).c2.D

(13-54)

An accelerated electron in the Bohr model experiences an acceleration D ~ 107m. s~2. With
D ~ ay, = 0.53 1071%m we get from (13-54):

a=~23810"3%kg.s7!  (13-55)

13-4) The orbital speed of a galaxy:

Let’s have a galaxy with a mass m which gravitate around another galaxy with a mass . The
motion is happened in a plan and we use polar coordinates (R, 8). It is very easy to get the

equation of motion of the galaxy m as:

G.mM
— e

—a.R (13-56)

m.(R —R.6%) =
m.(2R.6 + R.6) = —a.R.8 (13-57)
Integrate equation (13-57) we get:

R%2.6 = 2.K. exp(—%t) (13-58)
Where K is Kepler constant of area .

The Hubble law of an expanding Universe is:

R=H.R (13-59)
So:
R = H%R (13-60)

With H = 50 km.s 1. Mpc™! = 1.62 1078 s71 :isthe Hubble constant .

The Universe is expanding, so constant "a" can take negative value otherwise referring to

equation (13-58) it will collapse.

Replace R & R in the equation (13-56) as given in (13-59) & (13-60) we get:
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0% =H? + -+ — (13-61)
From (13-58) we deduce that:

LS a — g2, &M aH -
4. exp (2.5 .t) = H2 + 20+ 22 (13-62)

The orbital speed of the galaxy can be constant from a certain distance R, if we can resolve

the following equation:
RE(H? +20) + 22 = U (13-63)
Where U, is the orbital speed of the galaxy.

Let’s remark that when only we take Newton gravitational law without caring about Hubble

law we get the following equation:

.. G.M  4.K? 2.a a.R
R+23 -2 exp(—22¢) = -5 (13-64)

If% — 0 than we found Newton in (13-64).

13-5)The experiment of F. Kurlbaum:

To prove that his constant and Boltzmann constant remains the same as in an earlier
communication Planck refer to an experiment done by F.Kurlbaum in 1898 and argue that
[21]:

“§11. The values of both universal constants h and k may be calculated rather precisely with
the aid of available measurements. F. Kurlbaum, designating the total energy radiating into
air from 1 sq cm of a black body at temperature t -C in 1 sec by S;, found that:

Si00 — So = 0.0731 Z2£ = 731 105 <4~ (13-65)

cm? cm?.sec )
Let’s refer to the same experiment of F. Kurlbaum to determine the constant "a". Let’s have

a black body with a tinny hole and a detector placed in an orthogonal position referring to the
line joining the centre of the hole and the centre of the detector. The detector is at a distance d
from the hole and it have and angle 6 with the horizontal line passing through the tinny hole
[22].

I don’t know which apparatus F.Kurlbaum has used and which montage he do. | will take two

possible montages:
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13-5-1)First montage:
The surface of the tinny hole is 1 cm? and in one second we get from (13-65) :
Ae = (S100 — Sp) * 1 cm? x 1 sec = 0.0731 joule (13-66)

We suppose that the detector had also a surface of 1 cm? placed in front of the source at a
distance d . The energy going out from the hole go in straight line in the canal of 1 cm?

surface to the detector: no lost of energy.
We have also from equation (13-22):

Ae =AU *1cm?+d =7.5610"1°(373* 273"« 1 cm?*xd = 0.0731
(13-67)

So we get:

d=70cm (13-67)

We have from (13-19) for the power:

AP.1 cm?.d = (S190 — So) * 1 cm? = 0.0731 Watt (13-68)

30.{(3).0.a.c?
ik

.(373% — 273%).1 cm2.d = 0.0731

So:

a =1.81656 107%° kg.s! (13-69)

13-5-2)Second montage:

The detector is constituted from many detectors which every one had a surface of 1 cm? and

the all cover the half surface of a sphere of radius d .

The energy receipt by all detectors in one second is:

2
= i_: .. At. AShole- A-Qdetector-ﬂ = 0.0731 joule (13_70)

Ae
d?
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With:

AS AS 1cm?
_ detector __ hole __ (13-71)

A-Qdetector_ d2 T 4z gz

At = 1 second

The energy collected by a detector in one second is :

Ae = j—:.c. 1 sec. Asf;’le = 0'02731 joule (13-72)
So:
g7 = 7.56 10716(373% — 273%).3.108.1078.2
0.0731.4n
Than: d =825 cm (13-73)

We have for the power receipt by detectors:

AP.(2m.a3)2
Ap = M = 0.0731 X (13-74)
(4m.d?).; cm?
04@)0ac” (3733 5733).1 g = 0.0731 YL
ntk 3 cm?
So:
a=46210"2kg.s7! (13-75)

Note that the measurements done by F. Kurlbaum are dated from more than 120 years.
However it will be a consistent result if we confirm any of those values by another
experiment such as the photo-electric effect which I had describe how to do it in an earlier

communication.
13-6)The photo-electric experiment:
13-6-1)Definitions and vocabulary:

The quantum of energy of a photon as given by Planck formulae is [20]:
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0
With:
Uy = h.wy = M.c? = c.\h.a (13-77)

Uy . De Broglie quantum of energy or the elementary quantum of energy or the grain of
energy or the hidden constant of energy or the individual substance of energy which can

occupy any volume of space.

N =1 (13-78)

Ug

N: Number of DeBroglie quanta

We define also the De Broglie Quantum of Power or the elementary quantum of power or the

grain of power or the hidden constant of power or the individual substance of power as:
So = a.c? (13-79)

The De Broglie quantum of momentum or the elementary quantum of momentum or the grain
of momentum or the hidden constant of momentum or the individual substance of momentum
is defined as:

po=M.c==2=+h.a (13-80)

Cc

The Planck time variable or the elementary constant of time or the grain of time or Einstein
hidden constant or the hidden constant of time or one oscillation or the individual substance
of time is defined as:

1 |n
ho=T==. |- (13-81)
The De Broglie quantum of space or the elementary quantum of space or the grain of space or

the hidden constant of space or the individual substance of space is defined as:
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I == \E (13-82)

The De Broglie quantum of force or the elementary quantum of force or the grain of force or
the Maxwell force or the hidden constant of force or the individual substance of force is

defined as:
fo=a.c (13-83)
We have always:

Ug

2
h=1t.ho = fo.lo-hg =po.lo and (%) —pZ =0 (13-84)

13-6-2)The photo-electric effect experiment:

Let’s take a generator/voltmeter with variable tension VV , a galvanometer to measure current
I and three photo-electric cells with different metals of cathodes. Let’s determinate graphs as

I = f(V)and V = f(v) where v is the frequency of incident light [23].
Let’s designate by:

Vs @ the stopping tension for cell-1 (when the current in the circuit is zero) which correspond

to a frequency of light as v .

Vs, : the stopping tension for cell-2 which correspond to a frequency of light v,

Vs5 : the stopping tension for cell-3 which correspond to a frequency of light v¢;

With the condition that V3 > Vg, > V.

Let’s take a radiation of a frequency v with the condition that:

V> Ve3> Vg > Vs . (13-85)
We have:

e.V; = %m.v2 =h.(v—-vs5)=N.uy —Ns.ug = (N — N3).uy, (13-86): for
the cell-3

e.Vo =h.(v—vg)=(N—N,).u, (13-87) for the cell-2
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eV =h(v—vgy)=(N—N;).u, (13-88) for the cell-1
From the graph V.1 = f(v) we have [3]:

__ 2.h.Cy.a.c?

e?

V.1 v — K, (13-89)

Where : C,& K, are constants which depend on the characteristics of the cell.
For the cell-3 and the particular frequency (13-89) we have:

__ 2.h.Cs.ac? __ 2.C3.a.c?

V3.I3 ——.V_K3 —_

e2

N. uo - K3 (13'90)

e2

The same thing for cell-2 and cell-1:

Vylp = 2225 Ny — K, (13-91)
Vl' Il == 2.616.;1.62 . N uo - Kl (13'92)

We have six parameters to determine (N, N;, N, N3, uy, a) and we have six equations (13-
86),(13-87), (13-88) & (13-90), (13-91), (13-92): so the system can be resolved.

13-7)Computer model of radiation:

Let’s have a black body exchanging energy with air among a sphere of radius r = 1 m .We
choose conditions of experiment nearly of the Kurlbaum experiement. In equilibrium we have
from (13-24) & (13-19):

47'[3

AR.4m.v? = AP. 2 4m.1? (13-93)
So:

, 4 may _ 30.{(3).0.a.c? 3,3 r
o.(T*-T;) = — (T° —Tp).1sec. 3 (13-94)

The first term of (13-94) can equal to a linear equation calculated by computer as [26]:
o (T* =T = h,.(T —T.,) (13-95)
With:
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h, = 5.7048721 unities of MKS system
T, = 293 °K : temperature of the air environment.

Equation (13-95) is approximately valid until the difference of temperature don’t exceed
30 °K.

We have for T = 294 °K :

5.7048721 = M [(294° - 293%) 2
So:
a=3.634 107%% kg.s™?! (13-96)
For T =295°K :
a=3.62210"2%kg.s7! (13-97)
...... etc.

We have for T = 323 °K:
a=2672 10733 kg.s™1 (13-98)

Without computer linear equation we have for T = 323 °K:

5.67040 1078(323% — 293%) = M (3233 — 2933) =
So:
a=238410"2kg.s7! (13-99)

It seems that the computer linear equation is good when only the temperature difference don’t

exceed few degrees.
13-8)Choosing a characteristic dimension of the Universe as an universal constant:
Let’s have a part the Universe as a sphere of radius D. The power contained in this sphere is :

4

P=PimD3= 30{@0ac 13 4

— m.D3  (13-100)
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The same power is the one which go out through the sphere:
P =R.4n.D% = 2 0.T* 4m.D? (13-101)

It comes that:

kT  40.4(3).ac
D T

(13-102)

ForDz\/é and T =3°K we get:

a=7441 10728 kg.s™' & D =0.376 mm (13-103)

Distance D done by (13-103) is not a subatomic distance so it is accessible to measure. We
can’t choose the Planck distance because it have not physical sense. Distance D can be the

wave-length of the cosmic radiation.
13-9)The second form of Wien displacement law :

The second form of Wien displacement law is :
Vmax-T~! = Cy,, = 5.879101° Hz. °K™1 (13-104)

The number of photons having a frequency between v & v + dv going through out an
elementary surface dS in the time dt and the solid angle dQ around the direction of

propagation orthogonal to the surface element [15] is:

oM 8m.v?2 1
dN = —.n.c.dt.dS.dQ = p exp(:_;)_l

.dt.dS.dv.dn (13-105)

The maximum of power which go out through AS = 1 cm? of the black body in At = 1 sec

Is:

Ap = a.c?. AN (13-106)

And :

AN = (e exp(% T iy exp(:;;;) ). At AS.AQ. A (13-107)
With:

103



V100 = Cow.373 = 2192.867 101° Hz
Vo = Cy,.273 = 1604.967 101° Hz

AQ =271
So from F.Kurlbaum experiment we deduce that :
a.c*AN = 0.0731 Watt
And so we get:
a=>53810"2%kg.s7?! (13-108)
13-10)The second law of radiation displacement:

The density of power in a black body for the range of frequency v & v + dv is:

2 2 2,,2 2 2
T) = .v_. a.c _ . h*v . a.k=.T 13-1
pv( ) 87T C3 exp(%)—l 8T[ C.hz.kz.T2 exp(%)—l ( 3 09)

Replace u = % in (13-109) we get:

a.k?.T? u?

py(T) = 8.5 o (13-110)
The maximum of power radiation density is given when dp(;ET) = dp;f) =0 so:
1 .2 exp(u) . )
u. p—1 u P17 0 (13-111)
Than we have:
—2.exp(—2) = (u— 2)exp(u — 2) (13-112)

This equation can be resolved graphically by Lambert’s W-functions as:
u—2=W(-2.e"2)=W(-0.27) (13-113)
The solution of equation (13-113):

u—2=-0406 (13-114)
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It comes that for a temperature T there is a maximum of power density of a black body as:
vmax.T_1 =3.32 1019 Hz.°K? (13-115)

If somebody verify experimentally the relation (13-115) it signify that our first assumptions

are good.

However let’s suppose that the value of constant "a" given in (113-108) is good. We deduce
like Planck do for the Boltzmann constant that we can associate to a perfect gas a coefficient

of inner impedance as:
K =Ng.a=6.02 1023x5.38 1072° = 32.3876 107° kg.s‘1 (13-116)

If somebody find the theory which include the inner impedance of a perfect gas than we can

verify again our assumptions.
13-11)About the Planck system:
From Planck system we can define the following entities:

-The Planck elementary energy:

Uy = Mp.c? = /%5 (13-117)

-The Planck mechanical impedance:

M 3
Ay = T—: = % (13-118)

-The Planck force:

4

Fy=A4y.c= % (13-119)
-The Planck time:

h.G
Cs

HO B TP - (13'120)

-The Planck power:
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SO B Ao. CZ (13'121)

Pp=—2= [ (13-122)
-The Planck length:

h.G

LO - LP = C.TP == F (13'123)
We have always:

U 2
h=Ug.Hy=FoLo.Ho=PoLy & (%) —PF=0 (13-124)

Are there any physical significance of Planck thing?.1t seems from its mechanical impedance
nothing can’t move: we should apologize to use this system. All scientists should not deal in
the future with the Planck system: it doesn’t mean nothing. For the constant G it can be
deduced from the new system of unities as a coupling constant for the gravitational force. The

new system of unities is a system for life.

As we had seen the gravitational force becomes important when the masses used are superior

to my = 1.86 10~ kg . Planck mass respond to this condition. Let’s take the new mass and

so it should verify that:

“Vha>e. \/% (13-125)

It comes that:

e?.c?K _ 1.6%10738.9.10%¢.9.10°

a> =
G.h 6.67 10711.1,054 10734

=29.510%  kg.s™?! (1-126)

It is a very great value: nothing can’t move that’s why the Planck system hasn’t any physical
significance. All scientists should renounce to built theories with this system. The Planck
system hidden the natural system and induct us in error. Nevertheless the Planck system can
push us to suppose that it exist a mechanical impedance for vacuum "a" as for every

corpuscle to get A.w = a.7.c? ....etc and build a new theory when we can predict the

106



existence of an universal constant like "G" . The common point for the two systems is
equation (13-124) that’s why one hid the other.

14)Vacuum energy levels:
14-1)The energy of the corpuscle as an exchange energy with vacuum:

The work of the friction force between two points A & B of the trajectory of the corpuscle is

as follows:

B B
EAp =j —a.v.dx:f —a.v?.dr =

A A
1 1
— 2 2 .2
=—a.cc.(tg — Ty) —a.c.tyg.|———
(t5 4) 0 (TB TA>
2 7§
=—a.c®.(tg —14).- (1 — ) (14-1)
Ta-TB
We take the origin of the energy as the rest state of the corpuscle so:
€AB = €B — €4 (14-2)

With:

2
gg = —a.c?. (15 — 7). (1 —i—g) = —a.cz.TB.( — z—;) (14-3)
Idem for g,.

We define the energy exchanged by the corpuscle with vacuum as:
e=actn(1-? =& (1 —?)2 (14-4)

In general this energy can be positive of negative.

If the speed of the corpuscle tends to the celerity of light than we have from (14-4):

e~ E&.c? (14-5)
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The energy exchanged with vacuum (14-1) corresponds exactly to the energy exchanged with
vacuum by light i.e. by a corpuscle which has a mass equal to zero. We can deduce that the

energy of a corpuscle of a mass m is approximately as follows:

E~—T— (14-6)
Its moment is as follows :
E m.v
p=_.v~= - (14-7)
i
Its Lagrangian is as follows :
2
L=p.v—E ~ —m.c% 1—:—2 (14-8)

14-2)VVacuum energy levels :

Inthe interval (x + Ax, t + At)the corpuscle is a superposition of many monochromatic
waves at every point of this interval and also above. If we choose a certain discernible
number of positions in this interval we can accept that the exchanging energy with vacuum is

approximately:
g = =n.&.c% (1 -2 (14-9)
n - . - [l . . E
Where : is an integer which can be positive or negative (the corpuscle can take energy from
vacuum or loose energy for vacuum).

With the condition that &, — 0 when n — +oo: the total energy of the corpuscle should be

finite.
The total energy of the corpuscle is:

E=¢c24¢e,=86c2+né.ct(1— ?)2 (14-10)

With the condition that £ - m whenn — +oco (the momentum is very well defined and it

tends to zero but the position is bad defined).
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This image is that the corpuscle is like an harmonic oscillator maintained in oscillation by a

force f = a.v where "a’ is a coefficient of a mechanical impedance.

The “’stability’’ for any mechanical system is in general defined as when its energy is an

extremum i.e. in our case that :

dE
=0 (14-11)
So we get:

£=+m. \/ni: (14-12)

Replace (14-12) in (14-10) we get:
Epy=2m.c2Vn.(Wn+1—-+n) (14-13)
E_y=—-2m.c?n.(V\n+1—-+n) (14-14)

With :n positive integer

We can draw the curve E = function(§) and we find that it had a minimum given by

2
equation (14-12) for positive ¢ and that there is no inflexion point because fz?f doesn’t change

in sign.
If we consider the rest state as the origin of energy, the exchanged energy is:
AE = E —m.c? (14-15)

For vacuum we take the mass m as equal in equation (1-5) and by equations (14-12) , (14-13)

& (14-14) we get many levels of vacuum energy and exchanged energy with vacuum.

. . Ew
For every level of vacuum energy we can define a certain mass as for example —z and from

this origin we get infinite other levels and so on.

15)The magnetic field of a non-charged corpuscle:
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As we had associate to a corpuscle (Energy, momentum) a wave function ( frequency ,wave-
vector) we can also do the same thing for the quadric vector (scalar potential, vector

potential).

From equation (10-1) we deduce that:

ih 8 = 2y, 1) (15-1)

ihVy(x,t) = —pyY(x,t) (15-2)

It comes that :

(LD vyp(x, 1) = hkap(x,t)  (15-3)

ai¢(x, t) = —i(x, t)k; (15-4)
We can write the wave function as with two components:

-The time component:
Yo(x,t) = 04.exp(ik.x — iwt) (15-5)
-The space component:
I'(x,t) = Kky.exp(ik. x — iwt) (15-6)
And so we associate to the corpuscle a four-vector of the wave-function as:
i = (.00, —k. k) (15-7)
And in general we have :
ihd'p(x,t) = hp;exp(ikx — iwt) (15-8)

The corpuscle is represented by its wave function or by its four vector potential so there isa

constant y that correspond as the following:

Y = x4 (15-9)
We declare constant y as a universal constant.
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So we have from (15-9):

—k.kyg=—x.A (15-11)
We deduce that:
E
Q= ; 0, (15-12)
A="L (15-13)
h.xy 0

To simplify calculations we suppose that we have a non relativist corpuscle . This corpuscle
IS in constant circular motion with an angular speed Q around the axle (0, z). We use polar

coordinates. The position of the corpuscle is:
X R.cos6

X = <y> = (R.sinH) (15-14)
z 0

With 0 = Q.t

The speed of the corpuscle is:
—R.0sind R.0sind

V= ( R. 9(;050 ) = <—R..QCOSQ> (15-15)

0 0

From (15-13) we have:

A= m.uv o = m.R.Q ” < SéZ?ét) __ m.Q K < yx> (15 16)

-7, 0~ Ro | T =S o\ B
h.x h.x 0 h.x 0

So:

0A m.R.Q? CC_)SQt m.Q?

3= g Ko Suz)ﬂt = Ko X (15-17)

gradep =0 (15-18)

So the electric field of the corpuscle is:
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y 04 14 m.Q? Qe
E=—-—— radp = — - Ko. X = .
cor VY ¢ Y Ko 4mey.R? Uy

With:
Q.: the electric charge associated to the corpuscle

g: electric permittivity of vacuum
X . .
U = radial vector for polar coordinates.

We deduce from (15-19) that :

Y mQ
= —4me,.R3.%. K
Qe 0 c hX 0

We have also:

/%\ ALY
\62/ < > 0 (—2)

So the magnetic field associated to the corpuscle is:

_ 2.m.Q o e
- hX Q- Cz

We tends R — 0 so from (15-20) we get:

Q=0

(15-19)

(15-20)

(15-21)

(15-22)

(15-23)

We conclude that a non charged corpuscle which spin around its proper center have a charge

equal to zero and a magnetic field not equal to zero and that’s what it should be expected: an

experimental proof is our Earth.

For a relativist corpuscle we have from (15-13):

_ D = mZ C4-
a'1’KOKO '\/KOKO h2 wz
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Where A & p are respectively the module of vector-potential and the module of the

momentum.

For photons and ultra-relativist corpuscles it comes that:
~ 2 * -
A= C.X.,/KZOKO (15-25)

Where K is the conjugate of K .

There is a linear relationship between the module of the amplitude of the potential-vector and

the frequency of an ultra-relativist corpuscle.

\/ Kok  is the confinement of the corpuscle.

16)Conclusion:

In equation (2-121) we had concluded that the energy of corpuscle is as:
E=pw (16-1)
If we take two electric charge separated by a distance R the Coulomb force is:
o2
f =o. =z (16-2)
The question is what is the value of constant 5. We can take the way of Planck which is that:
f=h (16-3)

Where the Planck constant # is determined by thermodynamics experiment (black body

radiation).
There is another way which to have a force f = ac acting between charges separated with

the distance R = \/é so we have :

B=0." (16-4)

The two constants should be equal to avoid any contradiction, so there is an universal constant

eas:
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e = o (16-5)
Which is equivalent to:

o—=1 (16-6)

Cc

From equation (3-77) & (16-5) we have:

V' =a \/% (16-7)

Don’t forget that conversion factor y is a product of two conversion factors.

It is clear that conversion factors open us for more theories so more experiments & so more
technologies. The same problem will be found in thermodynamics because we have the
conversion relationship Aw <« kT or Aw > kT and we see that in relationship (16-7) there is

a conversion constant in relation with constant A.

The most important thing done here is the unification of fields in a Minkowski space-time i.e.
in inertial referential where Lorentz transformations are available. But physics experiments
should be independent from the choice of the referential. The reader is invited to rewrite this
paper in a Riemann space-time (any transformations of space & time between referentials).
The reader can take the document 49089264 of Pierre Paillere [17]available on the internet
and rewrite the 115 pages available with the same spirit of this paper. Join to this document
the paper of C.LANZANOS [18].

References:

[1]Gilles Cohen Tannoudji & Emile Noel « Le reel et ses dimensions » p.34 EDP sciences
2003

[2]A.Kouki ’The mechanical impedance of vacuum’’, http://viXra.org/abs/2009.0168

[3]A.Kouki “’Theory of vacuum’’, http://vixra.org/abs/2009.0003

[4]Alain Comtet “’Relativité et électromagnétisme’”’

114


http://vixra.org/abs/2009.0168
http://vixra.org/abs/2009.0003

[5]P.Amiot & L.Marleau « Mécanique Classique Il »P.67, Département de physique,
Université Laval, Québec-Canada.

[6]A.Lesfari ©* Principe variationnel, Equations de Lagrange

et Equation d'Hamilton-Jacobi’’, Département de Mathématiques
Faculté des Sciences

Université Chouaib Doukkali

B.P. 20, El-Jadida, Maroc.

E. mail : lesfariahmed@yahoo.fr.

[6]Bernard Shutz *’ A first course in general
relativity’>www.cambridge.org/9780521887052,second edition 2009, p.362

[7]L.Landau, E.Lifchitz, <’Physique théorique’’,tome 2, ’Théorie des champs’’ p.298, Mir-
Moscow 1989.

[8] L.Landau, E.Lifchitz, ‘’Physique théorique’’,tome 2, “’Théorie des champs’’ p.13, Mir-
Moscow 1989.

[8]Andre Maeder “ Dynamical Effects of the Scale Invariance of the Empty Space: The Fall
of Dark Matter?” https://doi.org/10.3847/1538-4357/aa92cc.
http://iopscience.iop.org/article/10.3847/1538-4357/aa92cc/meta

[9] Raphaél Grandin — IPGP — grandin@ipgp.fr “Les ondes électromagnétiques dans le vide” version
21 aout 2017.

[10]J.M.Raimond °” Théorie Classique des Champs’’, Université Pierre et Marie Curie,
Laboratoire Kastler Brossel, Département de Physique de 'Ecole Normale
Supérieure, jimr@lkb.ens.fr, September 12, 2016.

[11]Lev Landau & E.Lifchitz « Physique théorique, tome 2, théorie des champs »
p.24, MIR-MOSCOW 1989.

[12] Gilbert Gastebois ¢’ Le corps noir’’ http://gilbert.gastebois.pagesperso-

orange.fr/java/planck/theorie planck.pdf

[13]Christian Carimalo “’Etude d’un gaz de photons’’, http://physique-

univ.fr/onewebmedia/Phystat-c4-site.pdf

115


https://doi.org/10.3847/1538-4357/aa92cc
mailto:grandin@ipgp.fr
http://gilbert.gastebois.pagesperso-orange.fr/java/planck/theorie_planck.pdf
http://gilbert.gastebois.pagesperso-orange.fr/java/planck/theorie_planck.pdf
http://physique-univ.fr/onewebmedia/Phystat-c4-site.pdf
http://physique-univ.fr/onewebmedia/Phystat-c4-site.pdf

[14] Lianxi Ma, Junjun Yang, Jiacai Nie « Two forms of Wien displacement law”

http://www.journal.org.mx p566

[15]Wikipédia “Gaz de photons”

[16] Vladimir M. Mostepanenko and Galina L. Klimchitskaya “ Whether an Enormously
Large Energy Density of the Quantum Vacuum Is Catastrophic » Symmetry 2019, 11, 314;
doi:10.3390/sym11030314 www.mdpi.com/journal/symmetry

[17]Pierre Paillere « FORMALISME TENSORIEL DE L'ELECTROMAGNETISME »
ISSN 0429 — 3460, CEA-N-2770.

[18] C. LANCZOS« Le tenseur de Riemann a quatre dimensions »,Annales scientifiques de
I’Université de Clermont-Ferrand 2, tome 8, série Mathématiques,no 2 (1962), p. 167-170

<http://www.numdam.org/item?id=ASCFM 1962 8 2 167 0>

[19] Constantin Meis « Primary Role of the Quantum Electromagnetic Vacuum in Gravitation and
Cosmology” : https://www.intechopen.com/books/cosmology-2020-the-current-state/primary-role-

of-the-quantum-electromagnetic-vacuum-in-gravitation-and-cosmology

[20] Juliana H. J. Mortenson General Resonance, LLC USA “The Fundamental Physics of
Electromagnetic Waves”

https://www.intechopen.com/books/electromagnetic-waves/the-fundamental-physics-of-

electromagnetic-waves

[21] Max Planck “On the Law of Distribution of Energy in the Normal Spectrum”

Annalen der Physik, vol. 4, p. 553 ff (1901) : https://www.lab.twcu.ac.jp/~ando k/planck1901.pdf

[22] Le Corps noir ,PROJETS EXPERIMENTAUX DE PHYSIQUE STATISTIQUE,Université Paris Sud
http://hebergement.u-psud.fr/projets/documents/poly cn_1213.pdf
[23]J.P.Rozet 2007 , chapitre V « QUANTIFICATION DE L’ENERGIE : LE PHOTON ».

[25] ANDRE ROT “Sur certaines transformations canoniques en mécanique quantique’” :
http://www.numdam.org/article/AIHPA 1964 1 1 31 0.pdf

[26] Frédéric Legrand “Rayonnement du corps noir »

https://f-legrand.fr/scidoc/srcdoc/sciphys/thermo/corpsnoir/corpsnoir-pdf.pdf

116


http://www.journal.org.mx/
https://www.intechopen.com/books/cosmology-2020-the-current-state/primary-role-of-the-quantum-electromagnetic-vacuum-in-gravitation-and-cosmology
https://www.intechopen.com/books/cosmology-2020-the-current-state/primary-role-of-the-quantum-electromagnetic-vacuum-in-gravitation-and-cosmology
https://www.intechopen.com/books/electromagnetic-waves/the-fundamental-physics-of-electromagnetic-waves
https://www.intechopen.com/books/electromagnetic-waves/the-fundamental-physics-of-electromagnetic-waves
https://www.lab.twcu.ac.jp/~ando_k/planck1901.pdf
http://www.numdam.org/article/AIHPA_1964__1_1_31_0.pdf
https://f-legrand.fr/scidoc/srcdoc/sciphys/thermo/corpsnoir/corpsnoir-pdf.pdf

