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Abstract

From Restraint Relativity it is possible to consider a corpuscle as a packet of strings. The variation of the length of this
packet is equal to the phase speed of the corpuscle as a packet of waves times an universal constant. In a system of
units where h = ¢ = g = 1 the string vector becomes equal to the wave vector.

With this notion of packet of strings the principle of uncertainty is incorporated in Restraint Relativity.
Revisited Special Relativity

The introduction of Special Relativity by Einstein in 1905 is due only theoretical thinking that Maxwell equations of the
electro-magnetic field should be the same in all inertial frames. Those equations in vacuum are:

= 9%E
V2E = Moo 5z (1)

20 62§
VB = pogyg 5 (2)

1
Which are two equations of waves with a speed of propagation equal to ¢ = with:
VHoéo

& = 8.851072Fm™1 : the permittivity of vacuum.

Uo = 4m1077Hm™1 : the permeability of vacuum.
But what is vacuum? If vacuum signify that there is nothing but here there is the electromagnetic field and so there
is temperature. The only response is that vacuum is when there is nothing and the temperature is zero absolute or
approaches asymptotically to zero. If there is any electromagnetic field in vacuum it signify the fundamental state of the
field : there is no emission of energy.
In Special Relativity based on the constancy of the speed of light in all inertial frames it is defined:

-Let's have two inertial frames S(ct, x,y,z)&S’(ct’,x',y’, z") with S’is moving in constant speed ¥ and the axes

coincide at t' = t = 0 than the Lorentz transformations of space and time are as follows [1]:

't =y(ct — Bx)
x" =y(x — Bct) (3)
y' =y

z'=2z

. 1 v
Withy = T—ﬁz&ﬁ =
Considering two events A(t, x,, v, z,) & B(t,, x,y,, z,) in the frame S the interval squared :

As? = c2At? — Ax? — Ay? — Az? 4)
is invariant under Lorentz transformations.
If As?> 0: than the interval is time-like.
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As? =0 : than the interval is light-like
As?< 0 : than the interval is space-like.

Lorentz transformations can be also considered as hyperbolic rotation in the 4 space dimensions as the following:
ct’ = ctcoshy — x sinhy

x' = —ct sinhy + xcoshy (5)
y' =y
z'=z

With thy =, coshy =y, sinhy = yp.

Space & time are considered as a four dimensions continuum that describes physics world with the Minkowski geometry
related by relation (4).

The Minkowski geometry is not Euclidian due to the sign minus in (4).

The interval given by equation (4) is the “distance ™ between the events A & B measured in a straight line and can be
considered as the worldline of a free particle moving in constant speed between the points A & B .

The interval measured between the two points A & B in any arbitrary path is:
B
As= [ ds (6)

With: ds?= c2dt? — dx* — dy? — dz?*: the line element of the space-time.

For a massive particle we define the proper time zas a parameter t(7), x(1), y(1t)& z(t) in order to determine the position
of the particle in the 4" space-time as:

dr? = — (7)

I PO
dr=J1-5.dt=" (8)

The total elapsed proper time interval is:
2
At =[] 120 dr (9)

cz

Which mean that:

Where v(t) is the instantaneous speed of the corpuscle along its path.
If we introduce a rest frame in which the corpuscle is in rest along its path the proper time is the time recorded by a
clock moving with the corpuscle.

It is convenient to introduce the indexed coordinates x! (i = 0,1,2,3) so we have:

x0 = ct,x* = x,x* = y,x* = z&ds?* = g;;dx'dx’

where gij are the covariant metric tensor as the following:

10 00

0-10 0

9] = (0 0-10 ) (10)

00 0-1
Or in shorthand notation as [gi].] =diag[1,-1, -1, —-1].
The contravariant of the metric tensor are the same as: [¢Y] = diag[1, -1, -1, —1].
In transforming coordinates x‘in a Minkowski space-time to a new coordinates x’ the line & s’element ds? must take

the same form as:
ds2 = gijdxidxj = gijdx'idx'j
Which means that the transformation x! — x" must satisfy:

axrk axr!

9ij = 57 507 9 (11)
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Which implies that the transformations must be linear to be a Lorentz transformations:
x't=Ax) +at (12)
Where A! &a'are constants .

Transformations (12) are the inhomogeneous Lorentz transformations (or Poincare transformations). With a'taken equal
to zero they are the ordinary Lorentz transformations (or homogeneous transformations).

In a standard configuration of two inertial frames $& S’ the matrix transformation can be written as follows:

_ Y =py0 0 coshy —sinhyQ 0
i1_[ex1_[-Br v 0 0 |_ [ —sinhy coship 0 0

[Aj] - [6xj] = 0 010 = 0 0 10 (13)
0 00 1 0 o 01

1 v . _
Where 1y = = B = ;& thy =, coshy =y, sinhy = yf
The inverse transformation of (13) are obtained by replacing v by — v or ¥ by — 1y The matrix inverse is:
. OxJ
n/1=[ 5]
dx'

And the relation ship between the two matrices :

[Aj i] = gikglelk

And we have:
A kAjk = Aikgkmglelm = gmigjm = 5}

In any coordinate system the coordinate basis vectors are tangents to the coordinate curves
In frames S & S’ basis vectors are related by:

el = A{ce"; el = A{(e”‘
And we have;

e't.e'l =glel.el = gl
Dual basis vectors are defined as:

e = gikeke,i = .gike,k
And we have:

ej.ej = gije'i.e’; = gi;
Where the components of g;; are the same as gy .
We can define a 4-vectorvof point P in Minkowski spacetime as
v="1le,

At each point P we have a set of orthonormal basise,. The square of the length of a vector
vis :

v.v = v;vt = g,

In two inertial frames S & S’ with Cartesian coordinates x'&x' the coordinates of a 4-vector vat a point P is :
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Il 0

— ip. —
v=vle ="1'e;

And we have:
vi=wv.el = Nv
v =v.el = N
The 4-velocity u of a (massive ) corpuscle is as :
uu= (ﬁ)2 = ¢?
dt

The contravariant components of the 4-velocity are:

ut=u.el = E
ST T dr
It comes that:
[ i] 1 dx' dx? dx3
wl= Uz'(c’ dt'dt'dt)

N

0 1\ 2 2\ 2 3\ 2
With :C=di, xO=ct & v:\/(di) .|.(di) _|_(di)
dt dat dat dat
The 4-moment of a massive corpuscle is defined as :
p=mu (14)

With :m :the mass of the corpuscle;
u : the 4-velocity of the corpuscle.

The component of the 4-moment are p' =p.€ and we have:
[ E E o
bl =08 0% 0% = E.5) (15)

With E the energy of the corpuscle and p its 3 ordinary moment in an inertial frame .
It comes that:

2 —
E = ’”Cvz &p = "”’vz (16)
1-7 1-7

The squared length of the 4-moment is PiPi and so get:
(©)? —p? = m2c? (17)
Where p? = p.p .

For a photon (massless corpuscle) we can't use the proper time to parametrize its worldline which is a null curve
because dt = 0. We can use an affine parameter 0 as for a photon moving in the direction x = ¢t we have:

xt = oul (18)
with: [u!] = (1,1,0,0)
The tangent vector of the worldline is:
dxt
u=--e; (19)
And we have:
wu=0 &-=0 (20)

Equation (20) is the equation of motion of the photon.
Of course in equation (20) we consider that the vector €; are constant and does not change with the position.
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The tangent vector u can be multiplied by any scalar and the equation (20) will be satisfied. The 4-moment of a photon
can be defined as:
p=pu (21)

Where U is constant and the components of Pare:
] = C.5)
C )

Where E &p are respectively the energy and the 3-moment of the photon in a given inertial frame S.

It comes that from equation (20):
E =pc (22)

The same equation (22) can be obtained for massless corpuscles if we take m = 0 in equation (17).
Equation (17) is a more generalized equation (massive corpuscles and massless corpuscles).

For photon we can introduce the 4-wave vector k as :
p = hk (23)

And the components of the 4-wavevector are:
21

(] =G0 (24)

Where : A : is the wave-length of the photon

k= Z%ﬁ : the 3 -wavevector of the photon

7 : direction of the propagation of the photon ( 3-vector of one module).
Equation (24) like equation (17) can be generalized for any corpuscle (massless or not). Equating equation (24) to
equation (15) we get:

21

E
- = h. a (25)
B = hk (26)
Which mean that massive corpuscle can have waving behavior.
The group speed vg of such wave behavior of massive corpuscle is defined as :
1 dk
—=— (27)
Vg dw

With :w = 2y = Zn% : the frequency of the photon (also the frequency associated to the massive corpuscle).

From (25) & (16) we get:

E=hw= = (28)
And from (26) & (16) we get:

hk = p = 2% (29)
From (27) we get:

Vg =v (30)
The phase speed v, of such a wave is defined as:
We have always:
Vg Vp = v2 =2 (32)

k

In equation (23) we had never speak about the constant 7 : it can be replaced by any other constant and the 4-vector
linked in will follow also.

For any corpuscle we introduce the 4- string-vectorl as :
p=al (33)
And the components of the 4-string-vector are:
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[1] = @D (34)

With :1: the string-length associated to the corpuscle
| = In: string-vector in the 3-ordinary space
7: direction of the propagation of the corpuscle ( 3-vector of one module).

Equating (34) and (15) we get:
“=al (35)

p=al (36)

Let's search the vector :—al) (considering the corpuscle as a packet of strings)?
dl _dl dv_ldp dv_ldp_hdk_h 1_h Vg
dw dvdew advdo adw adw a'v a c?

It comes that:

L, ac?adl _ a_czd_f
VP = de . n av (37)
From (35) & (16) we have:
2
E=acl = 7= (38)
1=z
From (36) & (16) we get:
al = p = 2= = ik (39)
-z
We have always:
p=.v=_.v="17.V (40)
We can also define the 4-vector inertia$ as:
p=~& =mu (41)
The components of the 4-vector inertia are:
] e P O
[E ] B 1 w2’ (1'dx°’dx°’dx° =< 1'dx°'dx°'dx° (42)
2
0 _ _ m
With: X~ = ct & §= =
2

c

In a system of units where A = ¢ = a = 1 equation (40) can be written in simply form as:
p=E&6=1=wd (43)

Inertia can be a mass or a length or a frequency or anything else as time for example.
We define the inertial time as :

(=2 (44)

It is evident if we associate to the corpuscle an inertial time at rest {o than according to equation (8) we have:
o= 1—

d{ = dt : when the energy of the corpuscle change (46)

2 g (45)

Cc

From (44) & (45) we get:

m
(o = a (47)
Of course we can also define the 4-vector inertial time( as:
§=al (48)

From equations (17) & (25) we get:
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h?v? —p2¢? = m?¢* (49)
= hv : the energy of the corpuscle

: reduced inertial frequency of the corpuscle;
h = 2mh

With:
Vv =

':‘u’lenu

Differentiate (49) according to time:
h?vdv = c?pdp = éc?V.dp = hvv.dp

Which mean:
B . _ g dv Zd( >
dt'v_hdt_ =f.v (50)
With: f — : the 3 -dimensional force.

If the energy of the corpuscle change then we have aIways

f ¥ = ac? (51)
An important case is when the speed of the corpusgle is low compared to . From equation (49) we get:
hv = mc? + Emﬁz (52)
p ~ mv (53)
g dB_dB Lo s
f=m i with p = mv (54)
which mean:
hdv = mv.dv
Than:
WY = F (55)
dat

Equation (55) is the same equation as (50) even thought it is obtained by approximation.
The square of (52) is :

- 1 -
h?v? = m2c* + m2c?v? + Zmzv4 (56)

22 dv 293 dv+1 dv*
V_:m C4LV.— m —_—

dt dt 4 dt

av _ mc 3 2d174 1 ~m_c2_, -
hdt - f+ m dt "2mc2+mw2  hv U.f - f'v (57)

which mean :hv ~ mc? for low speed.
From equation(50):

mec pec
hv? = +
h h
2 2 - 2 -
D) = 23 =2 M5 F o vac? =2mv e (58)
dt h t h'c dt
Which mean:
ac? = h¥ (59)
dt
Than:

ac? . .
V=" t + constant when the energy of the corpuscle is changing.

But in this case we have: dt = d{ so:

ac?
v = ——{which is a trivial result (withconstant = 0) (60)
Equation (51) signify that a corpuscle never can’t be in rest otherwise the universal constant @ will be equal to zero.

Than absolute vacuum never exist in a frame : there is energy independent from the corpuscle and which don't let the
corpuscle become in rest.
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Wave-Corpuscle Duality:

Constant h was suggested and determined in 1900 by Max Planck in his model of black body radiation [2]. Planck model
of black body was a cavity with many oscillators on his wall exchanging energy with radiation inner. Planck determine the
mean energy of an oscillator and the radiation law at equilibrium in a temperature T of the cavity and get the values of
constants h &k (Planck constant and Boltzmann constant) by a statistical manner and referring earlier to F.Kurlbaum&
Wien measurements of black body radiation.

In his recent theory of heat radiation by 1911 Planck suggest that his oscillator should have enough time to absorb
energy from radiation[3] . The Planck condition for this is that the frequency of the oscillator times time should be a
great integer or in other manner:

v.t > 1 (61)

By 1923 De Broglie suggest the wave-corpuscle duality i.e. a corpuscle can have a waving behavior and vice versa: he
propose the relation (27) and getting (28) & (29) by referring to Restraint Relativity proposed by A. Einstein in 1905.

In his suggestion De Broglie consider a corpuscle as a packet of waves moving in the same direction of the corpuscle and
represented with a wave function having a constant amplitude. De Broglie consider a corpuscle as many monochromatic
waves which reinforce each other in a limited region of spacetime and destroy each other away. Mathematically speaking
this model can't be adopted because the waves will reinforce each other in many regions of spacetime in the same
direction of the corpuscle motion and we can't see where is really the corpuscle. A replacement model of De Broglie one
is that a corpuscle should be considered as a pulse and not as a packet of waves because in this case the corpuscle is
more identified with the condition that the pulse should not spread so much in time. This condition implies that:

vt<l1 (62)
The condition satisfying the two models (Planck & De Broglie) is:
v.t=1 (63)
Which means that:
av
dt = —2 (64)
We take always dt positive and so we can omit the sign minus in (64) or take its absolute value:
av
dt = oz (65)
Replace (63) in (55) for low speed corpuscle we get:
hv? = f.v (66)
Replace (63) in (58) for high speed corpuscle we get:
m?=f.7 (67)

Equation (67) is the same equation as equation (66) so it is applicable for any kind of oscillator. It is the power absorbed
or emitted by an oscillator in a black body.

Planck oscillator is a classic oscillator so equation (66) is the work of a force applied on a corpuscle by unit time i.e. for
a corpuscle in motion in a straight line along the axis x for example:

Ff.=fv=m?
So the force acting on the corpuscle is: 1
f= = hv?
Duality of wave-corpuscle implies that:
1 dk
v dw

with v= v, ! the group speed of the packet of waves assimilated as a corpuscle;
k: wave-vector of the packet of waves
w = 2mv : the frequency of the packet of waves.

So:

_hzﬁ_hz dk _hZ%_d(hk)
L

With :h = %: reduced Planck constant.

hk : have the dimension of a moment. So:
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f= % with p = mv : is the moment of the corpuscle.

This relation is generalized as:
i f=my (68)
With:]7 = the acceleration of the corpuscle

m : the mass of the corpuscle.
Equation (68) is the fundamental law of dynamics or the Newton first law.

Planck oscillator can have also very high speed and equation (67) will be applicable. As Planck suggest that his oscillators
can absorb or emit energy with quanta as a multiple integer of hv at the same time we extend this idea that Planck
oscillators can absorb power or emit power with quanta as a multiple integer of hv2 .

Between the two models of oscillators (classic and relativist) there is a special frequency v0 in the border of our
consideration to balance in one side or another and to deduce from Planck model of black body radiation even thought
to apply this model for vacuum which can be considered as a black body at zero absolute temperature (no radiation) or
approximatively near zero absolute. Replace (65) in (59) we get:

ac? =~ hy? (69)
Which mean that the frequency v is near v0 changing all time otherwise there is no constant.
In fact we have exactly:

hv%

a = c_2 (70)
Even thought the constant v0 can be derived from classic approximations.
In general we have:

d_ﬁ_d(a(t?)_ > m d_17~ > S >
T g T av+ \/76“ ~ av + myfor ||7]| < ¢
-z
Than:
N -
my=——av=f—av (71)

dt

o

- d N
Al forces applied on the corpuscle are equal to f = d—f plus a permanent force avin the opposite side of its motion

which mean an external force which drive the motion of the corpuscle even thought it is in rest. The corpuscle never
can't be in rest and will oscillate around its position.

Determination of Constant Vo :
Planck oscillators are classic oscillators. They are oscillating charged corpuscles. In a black body they are the electrons
of the atoms of the wall of the black body cavity (oscillations of nucleus of atoms are neglected).

According to Bohr model of the atom, the electron in an hydrogen atom is moving in planetary motion (circular) as the
speed of the electron is equal to ac where a = é the fine structure constant. The vacuum in atoms is the same

vacuum in the cosmos. Vacuum which is filled with energy has a certain mechanical impedance and a negative pressure

so there is no friction in the motion of any corpuscle as it is given by General Relativity.
Suppose that a corpuscle is in motion from a point A to a point a point B, its energy exchanged with vacuum is:

2
€= ff av.vdt = ff av?dt = ff ac? (1 —g—‘;) d{ = ac*({zg — {y) + acz(g(é—é)(n)

We have not do any approximation in equation (72). It is done in a 4-space dimensions frame .
Let’s take an origin for the energy exchanged which is the point A where the corpuscle is in rest, than:

mc? So—¢ mc? v? = !
e=75 Vz—mcz+a62(§(§0<):W_mcz-l_mcz(\/l_c_z_l)_mcz[ﬁ_l-l_
/_C_z -7 -z
2 2
2 2 2 2 2 2
/1_1;_2_1 :%<1_2J1—‘;—2+\/1—’:—2>:%(1— /1—':—2) (73)
N2 Tz

For the electron of Bohr atom we get:

Arch Interdiscip Educ, 2026 9



https://www.primeopenaccess.com/international-journals/archives-of-interdisciplinary-education.asp

= Jrf_c_;(l —V1—-a?2) =~ ia“mc2 (74)

With: m =9.1 103'Kg the mass of the electron.

If the electron is oscillating in a 4™ space dimension than its oscillations are driven by an electromagnetic field in its
fundamental state. The energy of an oscillator in its fundamental state is [4]:

E=-hv (75)
Vacuum is defined as a degenerate state of the electromagnetic field near zero Kelvin. A Planck oscillator in this field
have an infinite degree of states and only one degree of freedom and his energy can take any value multiple integer of
%hv and if the half of this integer is integer than it can be the source of spontaneous emission as proposed by Einstein

in his theory of laser radiation. The energy of the oscillator is also called zero-point energy and is protecting bound
states in an atom [5].

We can modeling the mean energy of the oscillator as Planck did in his theory of black body radiation by considering the
high states of the oscillator are not so probable and the low states are more probable by referencing to a characteristic
energy %hvo of the vacuum ,which should be normally in the infrared.

Taking this model the mean energy U of the the electron is by statistical manner:

__m
U= exp(;_o)_l (76)
Equation (76) is obtained by statistical manner as for low frequencies the energy of the oscillator is:
E ~~hv (77)
Considering the electron as 4-space dimension corpuscle than we get:
%hvo = 4x%a4’mcz = a*mc? (78)
Which mean:
vo = 2% 0.7 10'2Hz (79)

What is a Corpuscle?:
Planck had determined his constant h from a thermodynamic system the black body which is a closed system. This
constant is an adiabatic invariant used for linked systems (the oscillators) as an integral of action [6].

For open systems the action can vary with time and if we introduce an element of periodicity Planck constant will have
all its generality using it for any system and this what Louis De Broglie had understand in earlier time [7].

To link Planck theory of the grain of energy E = hv to the relativist theory of the corpuscle energy E = mc? De Broglie
had associate to the corpuscle a wave with a phase speed as:
vp. v = c? (80)
With : vf : phase speed;
v 1 corpuscle speed.

He also associate to the corpuscle an internal frequency v0, as :

hvy; = mc? (81)
With :m: the mass of the corpuscle in its rest frame S’ (sometimes it is the mass of the electron for De Broglie).
If the corpuscle is in motion from a fixed observer in an inertial frame S with a fixed speed v than according to Lorentz

transformations of time we have:
2
t'=t /1 — ‘C’—Z (82)

t": time measured with a fixed clock in the frame S’
t: time measured by the observer with a fixed clock in the frame S.
The internal frequency associated to the corpuscle becomes for the observer as the inverse of transformation (82) of

time:
2 2 2
Vi:VOifl_:_z:%/l_:_z (83)

And the length of the wave associated to the corpuscle is:
A==t (84)

v v2
L mv ,1—C—2

But for relativity the energy of the corpuscle is :
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2
E=-T"— (85)

o

And the grain of energy according to Planck theory should rzlave a frequency v as:
mc

V= = (86)
iz

2

And this grain of energy should have an associated wave as :
n /1——
r=d- < (87)
v mv
The two associated waves are not the same. De Broglie had showed that they have the same phase which he had called
the harmony of phases. So we have according to this harmony:
%x —2nv;it = zfx — 2nvt  for every (x,t) (88)

(4

It is very easy to deduce from equation (88) that:

v=20 (89)
This is not what we should expect. Instead of equation (89%)we can relax it as: (90)
V=

The corpuscle is an oscillating resonator with a mean speed equal to zero (§ = 0).

For De Broglie “the energy of an electron is spread over all space with a strong concentration in a very small region”.
Speaking about a mass in a point have no sense and this mass which characterize the corpuscle only because it is not
undividable and constitute a unit as De Broglie postulate.

2

The formulae of the energy of a corpuscle as given by Restraint Relativity £ = e = isin
-5

C
fact not an exact formulae: it should be revisited. From Restraint Relativity we can deduce such a conclusion.

Let's consider the scalar product of the 4-vector force and the 4-vector speed as[8]:
=By = (U ) = 2 du_ pdm
f.u—dt.u dtu+mdt u=c dt+mu.dt co— (91)

Where we have used that in (14) the fact that w. u = ¢

If m = Constant than f.u=0 so the 4-force doesn’t bring any mass to the corpuscle. We can relax this assertion by
considering that if the parcel of energy mc2 does not spread much away in his rest frame than the 4-force f is a pure
force.

If the energy of the corpuscle is not exactly determined than we can consider it is as oscillating around which we
consider its position and it have some spatial extension as:

p=al (92)
With I : 4-vector string associated to the corpuscle

The corpuscle is oscillating because we need 4 = 0 to be conform with De Broglie phase wave. Such a corpuscle will
influence by its packet of waves all the other corpuscles around it and vice versa because there is overlap of waves
incoming from many sources. As a string when it is stretched by an increasing force it will vibrate more and more
sharply, the overlap of waves will create an interaction force between corpuscles and this is universal independent from
the nature of corpuscles: this is gravitation.

If there is a wave associated to the corpuscle we expect that this wave move in the same direction of the corpuscle
and it is represented by the wave function [9]:

Y(x, t) = Aexp(ikx — iwt) (93)
This wave function describe a plane wave which itself ang the same phase planes move with the phase speed:
Vp = — (94)
A"

The group speed is the speed at which a quantity of energy is transmitted in the space and the corpuscle can be

considered as a packet of energy which move at the speed:
1 _dk _ dk dv
- = —=—,— (95)
v dw dv dw
If the relation E = hw is valid for photons and still continue to be valid for corpuscles than we have:
mc?
hw =F = (96)

2

and from (95) & (96) we deduce that:
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hk = mvvz =p (97)
1=z

If equations (96) & (97) are valid in a frame S than they should be valid in any inertial frame S’ which is in constant
motion by reference to S. If the frame S’ is the rest frame of the corpuscle than and by convenience that the phase kx
— wt is invariant than we should have:

kx — ot = —==t' (98)
The time t' is given by Lorentz transformations as:
X
t' = C; (99)
1=z

And so we get from (98) the same relations (96) & (97).

v2

If we neglect totally the quadratic term we get De Broglie wave function without the notion of internal vibration: it

c2

signify only that the position of the corpuscle (the electron) is very well defined as in the classic way.

Let's take the dynamic state of the corpuscle described by the initial wave function ¥ (x, 0).What is the position and the
moment of the corpuscle at the time ¢t = 0?

Photons propagate as train of waves . We don’t know exactly the position of the photon. If Ax is the uncertainty on the
position of the corpuscle than we can take the length of the train of material waves as an approximate measure of the

uncertainty on the position. If the train contain n periods than we have:

Ax ~nl = ’;—" (98)

Where : 1: the wave length

It is evident that the wave length is more defined when the number of oscillations in the train is great. As a rough
measurement of the relative uncertainty of the wave length we can take the quantity:

n - P P (99)
Where :Ap: the uncertainty on the moment
Combining equations (98) & (99) we get:
AxAp =~ h (100)
The length [ associated to the corpuscle can be considered as the uncertainty on the position of the corpuscle. We have:
l=Ax=nAa (101)
Taking in consideration that :
p=al= % (102)

It is evident that if [ is so great than the moment p of the corpuscle becomes well defined and vice versa.
We deduce from (102) that:

A2 == (103)
With n: integer

Ifn—>cothan 1 - 0: the position of the corpuscle is very bad defined

Ifn>1 than 1 - \/E :itis a length to get a compromise between the corpuscle behavior and the wave behavior.
a

It depends on the circumstances of the experiment and how precise the position or the moment of the corpuscle we
want to measure.

If 1 - oo than n — 0: the position of the corpuscle is very well defined: it exist in the all Universe .

In fact associate to the corpuscle an internal frequency when it is in rest , signify normally to De Broglie that the position
of the corpuscle is not so precise even thought it is in rest: we should take it like this.
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Conclusion

By introducing the notion of 4-vector string associated to a corpuscle we had in fact incorporate the principle of

uncertainty in Restraint Relativity.
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