ELECTROMAGNETISM EXPLAINED BY THE THEORY OF INFORMATONS

Antoine Acke®

ABSTRACT

The “theory of informatons” explains the electromagnetic interactions by the hypothesis that
“e-information” is the substance of electromagnetic fields. The constituent element of that
substance is called “an informaton”.

The theory starts from the idea that any material object manifests itself in space by the
emission of informatons: granular mass and energy less entities rushing away with the speed
of light and carrying information about the position, about the velocity and about the
electrical status of the emitter.

In this article the electromagnetic field in a point is characterised as the macroscopic
manifestation of the presence of a cloud of informatons near that point; Maxwell’s laws are
mathematically deduced from the dynamics of the informatons; the electromagnetic
interactions are explained as the effect of the trend of an electrically charged object to
become blind for flows of e-information generated by other charged objects; and photons
are identified as informatons carrying a quantum of energy, what allows us to understand
the strange behaviour of light as described by QEM .
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INTRODUCTION

In this paper we show that the theoretical model that we have introduced in the article
“Gravitation explained by the theory of informatons”!! not only is suitable to explain
gravitation, but also provides a framework to understand the phenomena and to deduce
the laws of electromagnetism. Furthermore, we discuss the generation of electromagnetic
energy by an oscillating point charge and the transport of that energy by an electromagnetic
wave. In particular we focus on the role of photons in that process.

When we say that it is the substance of gravitational and electromagnetic fields, we mean
that “information carried by informatons” makes these fields what they are: not just
mathematical constructions but elements of the natural world. We call the constituent
element of that substance an “informaton”.

The theory of informatons starts from the hypothesis that any material object manifests
itself in space by emitting informatons at a rate that is proportional to its rest mass: the rest
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mass is the only factor that determines the rate at which an object emits informatons.
Informatons run through space with the speed of light.

The fundamental attribute of an informaton is called its “g-spin”. The g-spin of an
informaton refers to information about the position of its emitter and equals the elementary
quantity of “g-information”, this is information in relation with gravity. The g-spin is the only
attribute of an informaton emitted by an electrically neutral object at rest. It is represented
by a vectorial quantity §g that points to the emitter.

Informatons emitted by an electrically charged object at rest have moreover an attribute
that refers to information about the electrical status of their emitter. This attribute is called
the “e-spin”. The e-spin of an informaton refers to information about the sign of the charge,
about the position and about the ratio of the quantity of charge Q to the mass m of its
emitter. The e-spin is represented by a vectorial quantity S, that is on the line connecting

the informaton with its source, the magnitude of S, is proportional to 9 .
m

An object at rest emits informatons whose g-spin-vector §g and - if it is electrically charged -
whose e-spin-vector S, have the same direction as their velocity C. This is no longer the

case when the emitter is moving. How greater the speed of the emitter, how greater the
deviation of S, and of §, relative toC. This deviation is characteristic for the speed of the

emitter. In relation to gravitation the additional attribute of an informaton referring to
information about the status of motion of its emitter is called the “B-index”, and in relation
to electromagnetism it is called the “b-index”. The B- and the b-index of an informaton is
respectively represented by the vectorial quantities §5 and S, whose magnitudes are

proportional to the component of the velocity of the emitter that is perpendicular to the
velocity of the informaton.

The theory of informatons explains gravitational and electromagnetic forces as the reaction
of a material object on the disturbance of the characteristic symmetry of its “own” cloud of
g/e-information by the flux of g/e-information emitted by other objects. There is no
mechanical interaction between informatons and matter: informatons are mass and energy
less entities.

The theory of informatons explains why gravitational and electromagnetic fields are
isomorphic. From its starting points it follows that its scope is limited to the spacetime of the
SRT and that its results are in line with this theory.

I. The Postulate of the Emission of Informatons

The emission of informatons by a point mass with rest mass m and carrying a charge g°, that
is anchored in an inertial reference frame O, is governed by the postulate of the emission of
informatons:

* A point mass carrying an electrical charge is called a “point charge”.
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A. The emission is governed by the following rules:

1. The emission is uniform in all directions of space, and the informatons diverge with

the speed of light (c = 3.10° m/s) along radial trajectories relative to the location of
the emitter.

2. N= E' the rate at which a point-mass emits informatons’, is time independent and

proportional to its rest mass m. So, there is a constant K so that:
N =K.m

3. The constant K is equal to the ratio of the square of the speed of light (c) to the Planck
constant (h):

B. We call the essential attribute of an informaton its g-spin. The g-spin of an informaton
refers to information about the position of its emitter and equals the elementary quantity of
g-information. It is represented by a vectorial quantity §g , the “g-spin vector”:

1. §g is points to the position of the emitter.

2. All g-spin vectors have the same magnitude, namely:
1 _ _
s, = = 61810°°m°s™

K17,

1

(ny = n = 11910° kg.sz.m_3 with G the gravitational constant)
JL

C. Informatons emitted by an electrically charged point mass m carrying an electric charge q
have a second attribute, namely the e-spin. The e-spin of an informaton refers to the
electrical status of its emitter and is represented by the vectorial quantity S,:

1. The e-spin vectors are radial relative to the position of the emitter. They are

centrifugal when the emitter carries a positive charge (q = +Q) and centripetal when
the charge of the emitter is negative (q = -Q).

2. se, the magnitude of an e-spin vector depends on Q/m, the charge per unit of mass of
its emitter. s, is defined by:

° We neglect the possible stochastic nature of the emission, that is responsible for noise on the quantities that

characterize the gravitational field. So, N is the average emission rate.
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=1 Q. 8,3210‘40.2N.m2.sC'1
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(&, = 885107*F /mis the permittivity constant).

S

e

So, according to the postulate of the emission of informatons, an electrically charged point
mass (a point charge) that is anchored in an inertial reference frame O is an emitter of
informatons. The emission rate only depends on its mass m and is defined in section A of
the postulate. The informatons carry two attributes: the g-spin (defined in section B) and
the e-spin (defined in section C), which are respectively at the base of the gravitational and
the electromagnetic interactions. In what follows, we study the electromagnetic
phenomena. For the study of gravitation, we refer to “Gravitation explained by the theory
of informatons”™.

Il. The electric Field of electrically charged Objects at rest’

2.1. The electric field of a point charge at rest

In fig 1 we consider a point charge, with mass m and (algebraic) charge g, that is anchored in
the origin of an inertial reference frame O.

AZ S

A/o6 > '
X Fig 1

From the postulate of the emission of informatons it follows that the informatons, emitted

by this point charge at a rate N :dd_t =K.m, are carriers of both g- and e-information. The

~ r ~ . . .
informatons passing - with velocity C =C.— = C€, - near the fixed point P - defined by the
r

position vector I' - have two attributes: their g-spin vector §g and their e-spin vector S,:

1 r 1 ~

_ _q 1
—=- & S, =—.
Kng, r K., m

K.&

5, =- ! &
o Keg, '

ﬁ.|—1¢

_a
a

* In this and in the following sections, we restrict our considerations to the field in free space. For the effects
of dielectric and magnetic materials see “Gravitatie en Electromagnetisme"(4).
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The gravitational field of the point charge is the macroscopic manifestation of the g-spin
vectors. In an arbitrary point P, it is characterized by the vectorial quantity Eg, the density

of the g-information flow or the g-field. In the paper “Gravitation explained by the Theory of

Informatons” (1’, it was shown that:
_ N . m m
E, = >Sy =~ 56 =~ 5
4.7r 4.7, 4.7tn,.r

In an analogous manner, it can be shown that the e-spin vectors of the informatons emitted
by the point charge, manifest themselves macroscopically as its electric field or its e-field,
and that the e-field in a point P is characterised by the density of the e-information flow.

Indeed, the rate at which the point charge g emits e-information is the product of the rate at
which it emits informatons with the elementary e-information quantity carried by the
emitted informatons:

Of course, this is also the rate at which it sends e-information through any closed surface
that spans g.

The emission of informatons fills the space around g with an expanding cloud of e-
information. This cloud has the shape of a sphere whose surface goes away from the centre
O - the position of the point charge - with the speed of light.

- Within the cloud is a stationary state: because the inflow equals the outflow, each spatial
region contains an unchanging number of informatons and thus a constant quantity of e-
information. Moreover, the orientation of the e-spin vectors of the informatons passing
near a fixed point is always the same.

- The cloud can be identified with a continuum: each spatial region contains a very large
number of informatons: the e-information is like continuously spread over the volume of
the region.

That cloud of e-information surrounding O constitutes the electric field or the e-field of the
point charge gq.

Without interruption “countless” informatons are rushing through any - even very small -
surface in the electric field: we can describe the motion of e-information through a surface
as a continuous flow of e-information.

We know already that the intensity of the flow of e-information through a closed surface
that spans O is expressed as:
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If the closed surface is a sphere with radius r, the intensity of the flow per unit area is given
by:
Q

2
4.rc.g,

This is the density of the flow of e-information in any point P at a distance r from g (fig 1).
This quantity is, together with the orientation of the e-spin vectors of the informatons that
are passing near P, characteristic for the electric field in that point. Consequently, in a point

P, the electric field of the point charge g is defined by the vectorial quantity E:

e=—N _g-_9 - 4

S, = & = I
4mr® °  Ame,r® T 4Ame,r’

This quantity is the electric field strength or the e-field strength or the e-field. In any point of

the electric field of the point charge g, the orientation of E corresponds to the orientation
of the e-spin-vectors of the informatons who are passing near that point. If the emitter is
positively charged this is also the direction in which the informatons are moving. And the

magnitude of E is the density of the e-information flow in that point. Let us note that the

m —
role played by the factor (——) in the definition of Eg is taken over by the factor (&) in het
1o €o

definition of E .

Let us consider a surface-element dS in P (fig 2,a). Its orientation and magnitude are
completely determined by the surface-vector ds (fig 2,b)

m

E
dS=dSg, dS=dSg,

1
")

Fig 2,a Fig 2,b

We define d®, the elementary e-flux through dS as:

do_ = E.dS= E.dScosa
The magnitude of this scalar quantity equals the rate at which e-information flows through
dS in the sense of the positive normal. The sign is related to the direction of the e-spin-
vectors of the informatons passing near P: in the case of a positive emitter is this also the

direction in which the informatons are moving.
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For an arbitrary closed surface S that spans g, the outward flux (which we obtain by
integrating the elementary contributions d®_over S) must be equal to the rate at which the

charge emits e-information. Thus:

_HEgs=d
q:e_ﬁfE.ds.-g—0

This relation is the expression of the conservation of e-information in the case of a point
charge at rest.

2.2. The electric field of a set of point-charges at rest

We consider a set of point charges qy,...,G;...qn that are anchored in an inertial reference
frame O.

In an arbitrary point P, the flows of e-information who are emitted by the distinct masses are
defined by the gravitational fields E,,...,E, ..., E,, .

dd, the rate at which e-information flows through a surface-element dS in P in the sense
of the positive normal, is the sum of the contributions of the distinct charges:

do, = i(é ds) = (i E,).dS=E.dS

i=1 i=1

So, the effective density of the flow of e-information in P (the effective e-field ) is completely
defined by:

E=YE
i=1

We conclude: The e-field of a set of point charges at rest is in any point of space completely
defined by the vectorial sum of the e-fields caused by the distinct charges.

Let us note that the orientation of the effective e-field has no longer a relation with the
direction in which the passing informatons are moving.

One shows easily that the outward e-flux through a closed surface in the e-field of a set of
anchored point charges only depends on the enclosed masses gj,:

— =~ _ Ui
CDe—ﬁE.dS—g—o

This relation is the expression of the conservation of e-information in the case of a set of

point charges at rest.
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2.3. The electric field of a charge continuum at rest

We call an object in which the charge is spread over the occupied volume in a time
independent manner, a charge continuum.

In each point M of such a continuum, the accumulation of charge is defined by the charge-
density p. To define this scalar quantity one considers a volume element dV that contains

M, and one determines the enclosed charge dg. The accumulation of charge near M s
defined by:

_dq

PE—dV

A charge continuum - anchored in an inertial reference frame - is equivalent to a set of
infinitely many infinitesimal charge elements dg. The contribution of each of them to the

electric field in an arbitrary point P is E. E, the effective electric field in P, is the result of
the integration over the volume of the continuum of all these contributions.

It is evident that the outward e-flux through a closed surface S only depends on the mass
enclosed by the surface (the enclosed volume is V):

- — 1
E.dS=—.||| pc.dV
feas=2 e
That is equivalent with (theorem of Ostrogradsky)(z):

divE = L=
£O

These relations are the expression of the conservation of e-information in the case of a
charge contiuum at rest.

Furthermore, one can show that: rotE = 0, what implies the existence of a electrical

potential function V for which: E = —gradV.

lll. The electric Field of moving Charges - The electromagnetic Field
3.1. The emission of informatons by a moving point charge
In fig 3, we consider an electrically charged point mass that moves with constant velocity

V = VE, along the Z-axis of an inertial reference frame O . At the moment t = 0, it passes
through the origin O and at the moment t =t through the point P;.
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mOE\PJ_:O, Y’

X Fig 3

We posit that N - the rate at which a point mass emits informatons in the space connected
to O - is determined by its rest mass my and is independent of its motion:

Furthermore, we posit also that the charge q is independent of the motion of its carrier.

This implies that(l’, if the time is read on a standard clock that is moving with the same
velocity as the point mass, the emission rate is proportional to the relativistic mass m:

dN =Ko = with g="

Rl c

3.2. The electric field caused by a uniform rectilinear moving point charge

(b)

Fig. 4
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In fig 4,a, we consider a charged point mass with rest mass my that carries an electrical
charge g and that is moving with constant velocity Vv = V€, along the Z-axis of an inertial
reference frame 0. At the moment t = 0, it passes through the origin O and at the moment t
=t through the point P;. It is evident that:

OR =z, =vt

mg continuously emits informatons that, with the speed of light, rush away relative to the
point where the mass is at the moment of emission. We wish to determine the density of the flow
of e-information - this is the e-field - in a fixed point P. The position of P relative to the
reference frame O is determined by the time independent Cartesian coordinates (x, y, z), or

by the time dependent position vector I = ﬁ' @ is the angle between I and the Z-axis.

Relative to the inertial reference frame O’, that is anchored to the moving charge and that at
the moment t = t’ = 0, coincides with O (fig 4,b), the instantaneous value of the density of
the flow of e-information in P is determined by:

E=—J _r
ArE,r'

Indeed, relative to O’ the point charge is at rest and he position of P is determined by the
time dependant position vector I'' or by the Cartesian coordinates (x’, y’, z’). So, the e-field
generated by the mass is determined by 2.1.

The components of E'inOXY'Z, namely:

- q ] R q ' - q ]
E.=——X E,=——. E . =———-7
X 47E0r'3 Y 471&‘0r'3 y z 47E0r'3

determine in P the densities of the flows of e-information respectively through a surface
element dy’.dz’ perpendicular to the X’-axis, through a surface element dz’.dx’ perpendicular
to the Y’-axis and through a surface element dx’.dy’ perpendicular to the Z’-axis.

The e-fluxes through these different surface elements in P, or the rates at which e-
information flows through it are:

E..dy.dz=—_dy.dz
47

137
0

E, dz.dx=—3Y__ dz.dx
a7E

I3.
0

E,.dx.dy=— - dx.dy
47’

The Cartesian coordinates of P in the frames O and O’ are connected by®):
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And the line elements by:  dx’ =dx dy’=dy dz=

. J1- B%.sin*@
Further™: r'=r.
J1- B2

So relative to O, the g-information fluxes that the moving charge sends - in the positive
direction - through the surface elements dy.dz, dz.dx and dx.dy in P are:

1_ 2
4”? 3 B 3 .xdy.dz
(1-p%sin*6)2
1- 2
4772 X p 3+ ydzdx
®  (1-p%sin?6)2
1_ 2
477gr3' B 5-(2—2,).dxdy
0

1- B2 sin? §)?

Since the densities in P of the flows of e-information in the direction of the X-, the Y- and the
Z-axis are the components of the e-field caused by the moving point charge g in P, we find:

Y
EX:4nac*Ir3' 1= 5 X
°  (1-pB?sin’6)?
_ 2
E, = g . 15 y
Yo 4, r® 3
°  (1-p%sin*6)2
_ 2
E, = g . 1=/ (z-2z,)
2 4t 3 A
°  (1-p%sin*6)?2
. 2 2 2 ; X2+y2 Z_ZF’l
In O: r=\/x +y +(z2-25)°, S|n6=f and COSH=T.

X|2+y|2

Andin 0% r'=4X?+y?+7? and sin@'z—I )
r
We express r’in function of x, y and z:
r-:\/ijLysz(Z—ZPl)2 _\/r2 sin29+(z_z'°1)2 :\/rz.sin249.(1—,82)+r2 cos 6 :rqll—,é’z.sinze
a-5 1-5° V1-B° J1-p2
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So, the g-field caused by the moving point charge in the fixed point P is:

— f3? _ 2

. F= . &
ATE1 TP
B -prsinegz B (- g2 sin?g)

3"vr
2

We conclude: A charged point mass describing - relative to an inertial reference frame O - a
uniform rectilinear movement creates in the space linked to that frame a time dependent

electric field. E, the e-field in an arbitrary point P, is at any time on the line connecting P to
the position of the charge at that moment; and its magnitude is:

. Q  1-F
2 3
YES 0 g2 sirt )2

If the speed of the charge is much smaller than the speed of light, this expression reduces
itself to that valid in the case of a charge at rest. This non-relativistic result could also been
obtained if one assumes that the displacement of the point charge during the time interval
that the informatons need to move from the emitter to P can be neglected compared to the
distance they travel during that period.

The orientation of the e-field implies that the spin vectors of the informatons that at a certain
moment pass through P, have the same direction as the line that connects P to the position
of the emitting mass at that moment.

Let us note that the above expression for the electric field immediately could be found by
replacing the factor (—ﬂ) in the formula for Eg by the factor (g ).

o o

3.3. The emission of informatons by a point charge describing a uniform rectilinear
motion

In fig 5 we consider a point charge g that moves with a constant velocity V along the Z-axis
of an inertial reference frame. Its instantaneous position (at the arbitrary moment t) is P;.

The position of P, an arbitrary fixed point in space, is defined by the vector :ﬁ). The
position vector T - just like the distance r and the angle 8- is time dependent because the

position of P; is constantly changing.

The informatons that - with the speed of light - at the moment t are passing near P, are
emitted when g was at Py. Bridging the distance PyP =ry took the time interval At:
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During their rush from Py to P, the mass moved from P, to P;:
PP, =Vv.At

- E’ the velocity of the informatons, points in the direction of their movement, thus along
the radius PyP.

- S,, their e-spin vector, has the direction of the line P;P, the position of g at the moment t.

This is an implication of rule B.1 of the postulate of the emission of informatons and
confirmed by the conclusion of §3.2.

The lines carrying S,and C form an angle A8. We call this angle the “characteristic angle”
or the “characteristic deviation” because it is characteristic for the speed of the point charge.
The quantity s, =s,.Sin(A8) is called the “characteristic e-information” or the “magnetic
information” or the “b-information” of an informaton. It refers to the speed of its emitter.

We conclude that an informaton emitted by a moving point charge, is transporting
information referring to the velocity of that charge. This information is represented by its

-

“electrical characteristic vector” or the “b-index” S, that is defined by:

|

- XS
§ ==
C

- The b-index is perpendicular to the plane formed by the path of the informaton and the
straight line that carries the e-spin vector, thus perpendicular to the plane formed by the
point P and the path of the emitter.
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- Its orientation relative to that plane is defined by the “rule of the corkscrew”: in the case
of fig 5 (positive charge) the orientation of the b-indices is opposite to the orientation of
the positive X-axis.

- Its magnitude is: S, =S,.SiN(AB), the b-information of the informaton.

sin(Ag) _ sing
v.At C.At

We apply the sine rule to the triangle PoP;P:

It follows:

S, =S, % sind=s, B.sind=s,.5;

<l

B, is the component of the dimensionless velocity ,5 =— perpendicularto S, .

(@]

Taking into account the orientation of the different vectors, the b-index of an informaton
emitted by a point mass moving with constant velocity, can also be expressed as:

4

- XS
§=—=
C

3.4. The magnetic induction of a point charge describing a uniform rectilinear
motion

We consider again the situation of fig 5. All informatons in dV - the volume element in P -
carry both e-information and b-information. The b-information refers to the velocity of the
emitting mass and is represented by the b-indices S, :

—

X

<

go_éxge_
C C

e

If nis the density in P of the cloud of informatons (number of informatons per unit volume)

at the moment t, the amount of b-information in dV is determined by the magnitude of the

vector:

CxS, VXS,
C

ndv.g =n. dV =n. av

And the density of the b-information cloud (characteristic information per unit volume) in P
is determined by:

- c
ng, =n.

We call this (time dependent) vectorial quantity - that will be represented by B - the
“magnetic induction” or the “b-induction” in P:
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- Its magnitude B determines the density of the b-information in P.
- Its orientation determines the orientation of the b-indices S, of the informatons passing

near that point.

So, the magnetic induction caused in P by the moving charge g (fig 5) is:

. VXS, _V -
B=n. < =—x(ns,)
C C

N - the density of the flow of informatons in P (the rate per unit area at which the
informatons cross an elementary surface perpendicular to the direction of movement) - and
n - the density of the cloud of informatons in P (number of informatons per unit volume) -
are connected by the relation:

With E = N.S,, we can express the gravitational induction in P as:

-V .\ _VxE
B:?X(N.Se) = CZ
_ 2
Taking into account (3.2): E= 47; ey 1-p 5
°  @-p%sin?H)?
We find:
- 1- 2 o
B:477£Cc]:2r3' 3 7 (VxT)
" (- B sin’ )2
We define the constant 4, = 12610°H /m as: 1, = p 102
o
And finally, we obtain:
= Hq  1-p° .
B="—"—. 5-(VxT)

armr

(- 32 sin® 6)2

B in Pis perpendicular to the plane formed by P and the path of the point charge; its
orientation is defined by the rule of the corkscrew; and its magnitude is:

2
B= ,uo.q_ 1-5 — v.sing
47T

2 1- 32 sin’6)2
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If the speed of the charge is much smaller than the speed of light, this expression reduces
itself to:

5 Hod o
B=—"—.(VXT
4773( )

This non-relativistic result could also be obtained if one assumes that the displacement of
the point charge during the time interval that the informatons need to move from the
emitter to P can be neglected compared to the distance they travel during that period.

Let us note that the above expression for the magnetic induction immediately could be
found by replacing the factor (—V,.m,) in the formula for ég by the factor ( 44,.Q).

3.5. The electromagnetic field of a point charge describing a uniform rectilinear
motion

A point charge g, moving with constant velocity V = V.&,along the Z-axis of an inertial

reference frame, creates and maintains a cloud of informatons that are carrying both e- and
b-information. That cloud can be identified with a time dependent continuum. That
continuum is called the electromagnetic field of the point charge. It is characterized by two

time dependent vectorial quantities: the electric field (short: e-field) E and the magnetic
induction (short: b-induction) B.

- With N the density of the flow of informatons in P (the rate per unit area at which the
informatons cross an elementary surface perpendicular to the direction of movement),
the e-field in that point is:

_ 2
E=Ns, =, a 15
TE, o
®  (1-p°sin’6)2

The orientation of E learns that the direction of the flow of g-information in P is not the

same as the direction of the flow of informatons.

- With n, the density of the cloud of informatons in P (number of informatons per unit
volume), the magnetic induction in that point is:

2
B=ns, =Z’°"§. 125 wxn)
T . =
(1- 37 sin* )2
One can verify that:
1. divE =0 3.rotE =28
ot
2.divB=0 4.10tB :iza—E
c- ot
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These relations are Maxwell’s laws in the case of an electromagnetic field of a point charge
describing a uniform rectilinear motion.

If v<<c, the expressions for the electric field and for the magnetic induction reduce to:

q_r and a

. (VXT
ArE,r® 4rr® (7xT)

E=-

3.6. The electromagnetic field of a set of point charges describing uniform
rectilinear motions

We consider a set of point charges gj...,g,...q, that move with constant velocities
V...V \Y; in an inertial reference frame 0. This set creates and maintains an

[EEEASREREFA

electromagnetic field that in each point of the space linked to O, is characterised by the

vector pair ( E, B).

- Each charge g, continuously emits e-information and contributes to the e-field in an
arbitrary point P with an amount Ei . Asin 2.2 we conclude that the effective e-field E in

E=YE

- If it is moving, each charge g; emits also b-information, contributing to the magnetic

P is defined as:

induction in P with an amount L5>i . Itis evident that the b-information in the volume

element dVin P at each moment t is expressed by:
Z(éi av) = (Z éi).dV

Thus, the effective magnetic induction Bin Pis:

B=YB

Maxwell’s laws mentioned in the previous section remain valid for the effective electric field
and the effective magnetic induction in the case of the electromagnetic field of a set op
point charges describing a uniform rectilinear motion.

3.7. The electromagnetic field of a stationary charge flow

3.7.1. The magnetic induction of a line current.

With the term “line current”, we refer to a stationary charge flow through a - whether or not
straight - electrical conductor. If dg is the elementary quantity of charge that during the
elementary time interval dt flows through AS - an arbitrary section of the conductor - the
rate at which charge is transported through the conductor, is
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. _dqg

dt

This - time and position independent - algebraic’ quantity is called the electric current
through the conductor. In the case of a cylindrical conductor, the charge elements dg that
constitute the current are moving parallel to the axis with speed v.

We can identify a cylindrical conductor with a string through which a current i flows. Each

moving charge element is contained in a line elementd| of the stringT. The quantities that

are relevant for the electric current in the string are related by(‘”:

vdg=i.dl
ia is called a current element.

The magnetic induction dl§, caused in a point P by a current element is found by

substituting v.dq by i.dl in the formula that we derived for a moving point charge. (T
defines the position of P relative to the current element). So:

. 2 B
dé:f;a- 125 (@ixr)
(- 32 sin*6)2

The fact that the speed of the charge carriers that constitute the current i is very small relative to

the speed of light, implies that 8<<1 and that aB can be expressed as:

= ol
aB = dl xF
4.71x3 ( )

This is the mathematical formulation of Laplace’s law.

We can understand the current in a conductor as the drift movement of fictive positive
charge carriers through a lattice of immobile negative charged entities. A conductor in
which an electric current flows causes a magnetic field, but not an electric one. Indeed, the
current is a stationary charge flow and thus the cause of a stationary magnetic field
composed by contributions defined by Laplace’s law. It doesn’t cause an electric field,
because the e-spin vectors of the informatons emitted by the moving charge carriers are
neutralized by the e-spin vectors of the informatons emitted by the lattice.

Unlike a [ -field - that never exists without a g-field - a magnetic field can exist without an

electric field, what implies that a magnetic field is not necessarily masked in every day
circumstances.

* I >0if the current is transporting positive charge in the sense of an a priori chosen reference direction.

" The reference direction is identified with the orientation of the vector dl
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One can show that" §L5>ai calculated along a closed path L is only depending on the
L

electric current (Z:iin ) encircled by this path (Ampére’s law):
§Ba =ty i,
L

3.7.2. The magnetic induction of a charge flow

The term “stationary charge flow” indicates the movement of an homogeneous and
incompressible charged fluid that, in an invariable way, flows relative to an inertial reference
frame.

The intensity of the charge flow in an arbitrary point P is characterised by the flow density
jE. The magnitude of this vectorial quantity equals the rate per unit area at which the
charge flows through a surface element that is perpendicular to the flow in P. The
orientation of jE corresponds to the direction of the movement of positive charge. If V is
the velocity of the charge element p..dV that at the moment t flows through P, then:

Je =0V

So, the rate at which the flow transports charge - in the positive sense - through an arbitrary
surface AS, is:

i=[[Jc.ds
AS
I is the intensity of the charge flow through AS or the electric current through AS.

Since a stationary charge flow is the macroscopic manifestation of moving charge elements
Pe.dV, it creates and maintains an electromagnetic field. And since the velocity V of the
charge element in each point is time independent, the electromagnetic field of a stationary
charge flow will be time independent.

It is evident that the rules of 2.3 also apply for the time independent e-field:

1.divE =Pe and 2.rotE =0 what implies: E = —-gradV
é’0

For the time independent magnetic induction, the following rules apply:

3.divB=0 what implies B=rotA and 4.10tB = g4,

Indeed, it follows from the fact that the b-index of an informaton is always perpendicular to

its velocity, that for any closed surface S: ﬁ B.dS= 0, what implies(z): divB=0. And from
S
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Ampere’s law one can conclude that the following relation exists between § B.dl calculated for a
L

closed line L and ” jE dS calculated over a surface AS bounded by that line: ﬁéai = /Jo-”jE ds
AS L AS

what implies'?: rotB = ,uo.jE

3.8. The electromagnetic field of an accelerated point charge.

3.8.1. The e-spinvector of an informaton emitted by an accelerated point charge

X Fig 6
In fig 6 we consider a point charge g that, during a finite time interval, moves with constant
acceleration a = ag, relative to the inertial reference frame OXYZ. At the momentt=0, q
starts - from rest - in the origin O, and at the moment t = t it passes in the point P;. Its

_ - . . . 1 1
velocity is there defined by V= V€, = ate,, and its position by Z=§.a.t2 =§.V.t. We

Y,
suppose that the speed V remains much smaller than the speed of light: — <<1.
o

The informatons that during the infinitesimal time interval (t, t+dt) pass near the fixed point
P (whose position relative to the moving charge q is defined by the time dependant position
vector ') have been emitted at the moment t,=t—-At, when g - with velocity

V, =V,.6, =V(t—At).8, - passed through P, (whose position is defined by the time
dependant position vector T, =T (t —At)). At, the time interval during which g moves from

Py to P; is the time that the informatons need to move - with the speed of light (c) - from Py

I I I
to P . We can conclude that At =-%, and that v, =v(t—At) =v(t--2)=v-a.-2.
C C C
Between the moments t =ty and t =ty+ At, g moves from Py to P;. That movement can be

considered as the resultant of
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1. a uniform movement with constant speed Vv, = v(t — At) and

2. a uniformly accelerated movement with constant acceleration a.

1.

In fig. 6,a, we consider the case of the point charge g moving with constant speed
V, along the Z-axis. Atthe moment t, =t—At q passesin Py and at the moment t

in P: PP =v,.At

Po

The informatons that, during the infinitesimal time interval (t, t + dt), pass near the
point P - whose position relative to the uniformly moving charge q is defined, at the
moment t, by the position vector ' - have been emitted at the moment t, when q
passed in Po. Their velocity vector C is on the line P,Pand their spin vector S, on
the line P,P.

Pa Fig 6,b

In fig 6,b we consider the case of the point charge g starting at rest in P and moving
with constant acceleration a along the Z-axis. At the moment t;=t—At itisin Py

and at the moment t in P : PP :%.a.(At)2
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The informatons that during the infinitesimal time interval (t, t + dt) pass near the
point P (whose position relative to the uniformly accelerated charge g is - at the
moment t - defined by the position vector ") have been emitted at the moment t,
when g was in Py. Their velocity vector C is on the line PoP , their e-spinvector S, on

the line P,P.

To determine the position of P,;, we consider the trajectories of the informatons
that at the moment t; are emitted in the direction of P, relative to the accelerated

reference frame OX’Y’Z’ that is anchored to q. (fig 6,c; a = g -6,)

v

Fig. 6,c

Relative to OX’Y’Z" these informatons are accelerated with an amount —a: they
follow a parabolic trajectory defined by the equation:

a 2
2 7 Y
c .cos a

Z=tga.y

1
>

At the moment t = ty + At, when they pass in P where the tangent line to that
trajectory cuts the Z’-axis in the point P,, that is defined by:
C1 1 1
z, =—a(lt)®=-a-"5%
2 2 2 c
That means that the spinvectors of the informatons that at the moment t pass in P,
are ontheline P,P; P, isa point on the Z-axis that has a lead of

N 1 r?
PP =—a(At)>==a.-%
172 2 ( ) 2 Cz

on P, the actual position of the point charge g.
2
And since P,P, =PP +P P,, we conclude that: PP, = a.C—O2

In the inertial reference frame OXYZ (fig 6), S, is on the line P,P. The point P, is on the Z-
axis and determined by the superposition of the effect of the velocity (1) and the effect of

the acceleration (2):

. "/ a
PP, = PP + PP, =—C.r +— 12
C C
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The carrier line of the e-spinvector S, of an informaton that - relative to het inertial frame

OXYZ - at the moment t passes near P forms a “characteristic angle” A8 with the carrier line
of its velocity vector C, that can be deduced by application of the sine-rule in triangle P,P,P

(fig 6):

sin(A6) _ sin(@, + A6)
POPZ r.0

We conclude: sin(A6) :V—g.sin(HO +1A6) +C—6;.ro.s,in(.90 +1A6)

From the fact that PyP; - the distance travelled by g during the time interval At - can be
neglected relative to PyP - the distance travelled by light in the same interval - it follows that
6,=6,+A8=0 and that ry=r. So:

Sin(AG) =2 sin+-3 1 sing
C C

We can conclude that the e-spinvector S of an informaton that at the moment t passes near

P, has a component in the direction of C - its velocity vector - and a component
perpendicular to that direction. It is evident that:

S, :ﬂ.[se.cos,@é?).éc + se.sin(Aé?).éDC] = ﬂ{se.éc + se.(ﬁ .sin6?+i2 r .sin@).émc}
d of c c

3.8.2. The electromagnetic field of an accelerated point charge

The informatons that, at the moment t, are rushing near the fixed point P - defined by the
time dependent position vector T - are emitted when g was in Py (fig 6). Their velocity C is
on the same carrier line as T =§5. Their g-spin vector is on the carrier line P,P. According
to 3.8.1, the characteristic angle A& - this is the angle between the carrying lines of §g and
C - has two components:

I
- acomponent A@' related to the velocity of g at the moment (t —-2) when the considered
C

informatons were emitted. In the framework of our assumptions, this component is:

vt-1)
sin(Ag") :TC sind

- acomponent A@" related to the acceleration of g at the moment when they were
emitted. This component is, in the framework of our assumptions:
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a(t —L).r
sin@@')=——C sing

¢z

The macroscopic effect of the emission of e-information by the accelerated charge g is an

electromagnetic field (E,B). We introduce the reference system (€.,61.€;) (fig6).

1.

2.

E, the electric field in P, is defined as the density of the flow of e-information in
that point. That density is the rate at which e-information per unit area crosses in P
the elementary surface perpendicular to the direction of movement of the

informatons. So E is the product of N, the density of the flow of informatons in P,
with S, their spinvector:

E

N.S

o .

According to the postulate of the emission of informatons, the magnitude of S, is:

|1
K.€,

O

S, =

3 |

And the density of the flow of informatons in P is:

_ N _ N _ Km
Amrl?  4mr? Agr?

Taking this into account and knowing that

> = My, We obtain:

0-

E = Lzéc + %
4re,.r dme,cr

vit=-Dysing+ 29 at-"ysingr.e.,
C 4.7rr C

B, the magnetic induction in P, is defined as the density of the cloud of b-
information in that point. That density is the product of n, the density of the cloud
of informations in P (number per unit volume) with S, their b-index:

B=n§

The b-index of an informaton characterizes the information it carries about the state
of motion of its emitter; it is defined as:

§D:F:><§e

C

And the density of the cloud of informatons in P is related to N, the density of the

N
flow of informatons in that point by: n=—
C
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N ©xs _¢x(N3) _c¢xE
So: B=ng =—.——*= e/ =
> c c c? c?
. = _ q ~ q ,Uo
And with: E = e + Vit—— S|n0+ at—— Sin
4TTENN? {4.77.50.c.r ( ) (t=5)siné}- &
we obtain:

= My r. . Ho-0
B={—"v(t—--)sind+-—"—"—.a(t——).sing}.e
{4.77'.I’2 ( c) 4.71C1 ( ) -8

IV. The Laws of the electromagnetic Field - Maxwell’s Laws.

In the space linked to an inertial reference frame O, the electromagnetic field s
characterised by two time dependent vectors: the (effective) e-field E and the (effective)

magnetic induction B. In an arbitrary point P, these vectors are the results of the
superposition of the contributions of the various sources of informatons (the electrical
charged masses) to respectively the density of the flow of e-information and to the cloud of

b-information in P:
E=) N5 and  B=)n§

The informatons that - at the moment t - pass near P with velocity C contribute with an
amount ( N.S,) to the instantaneous value of the e-field and with an amount ( nS,) to the

instantaneous value of the magnetic induction in that point.

- S, and S, respectively are their e-spin and their b-index. They are linked by the
relationship:

Ol
X
O

$=

- N is the instantaneous value of the density of the flow of informatons with velocity C in P
and n is the instantaneous value of the density of the cloud of those informatons in that
point. N and n are linked by the relationschip:

4.1. Relations between E and B in a matter free point of an electromagnetic
Field

In each point where no matter is located - where o (X, y,zt) = jE (X, ¥,Zt)= 0 - the
following statements are valid.
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1. In a matter free point P of an electromagnetic field, the spatial variation of E obeys
the law:

divE =0

This statement is the expression of the law of conservation of e-information. The fact that
the rate at which e-information flows inside a closed empty space must be equal to the rate
at which it flows out, can be expressed as:

ﬁé.d_s':o
S

So (theorem of Ostrogradsky)\?:

divE =0

2. In a matter free point P of an electromagnetic field, the spatial variation of B obeys
the law:

divB=0

This statement is the expression of the fact that the b-index of an informaton is always
perpendicular to its e-spin vector S, and to its velocity C.

For the proof of this theorem - and also for that of the theorems 3 and 4 - we refer to the
proof of the analogous theorem in §4 of “Gravitation explained by the Theory of
Informatons”®).

The statement divB =0 implies (theorem of Ostrogradsky) that for every closed surface S in
a gravitational field:

ﬁé.?s:o
S

3. In a matter free point P of an electromagnetic field, the spatial variation of E and the

rate at which B is changing are connected by the relation:

rotE = —a—?

This statement is the expression of the fact that any change of the product nS, in a point of
an electromagnetic field is related to a variation of the product N.S, in the vicinity of that
point.

- 0B
The relation rotE = ——— implies (theorem of Stokes): In a gravitational field, the rate at

which the surface integral of B over a surface S changes is equal and opposite to the line
integral of E over its boundery L:
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The orientation of the surface vector dS is linked to the orientation of the path on L by the
“rule of the corkscrew”. ®, = ” BdS is called the “magnetic flux through §”.
S

4. In a matter free point P of an electromagnetic field, the spatial variation of B and the
rate at which E is changing are connected by the relation:

This statement is the expression of the fact that any change of the product N.S, in a point of
an electromagnetic field is related to a variation of the product NS, in the vicinity of that
point.

This relation implies (theorem of Stokes): In an electromagnetic field, the rate at which the

surface integral of E over a surface S changes is proportional to the line integral of B over
its boundery L:

Ba_—ﬂa—E.ds_ Zatj E.dS 1aq>

The orientation of the surface vector dS is linked to the orientation of the path on L by the
“rule of the corkscrew”. ® = ” E.dS is called the “e-flux through S”.
S

4.2. Relations between E and B in a point of an electromagnetic field’

The volume-element in a point P inside a charge continuum is in any case an emitter of e-
information and, if the charge is in motion, also a source of b-information.

According to 2.3, the instantenuous value of o - the charge density in P - contributes to

&; and according to 3.7 the

o

the instantaneous value of divE in that point with an amount

instantaneous value of jE - the charge flow density - contributes to the instantaneous value

of rotB in P with an amount £4,.J;

Generally, in a point of an electromagnetic field - linked to an inertial reference frame O -
one must take into account the contributions of the local values of p; (X, ¥, zt) and of

* For the effects of dielectric and magnetic materials, see “Gravitatie en Electromagnetisme"(4)
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jG (X, ¥,z t) as sources of respectively the electric field and the magnetic induction. This

results in the generalization and expansion of the laws in a mass free point. By superposition
we obtain:

1. In a point P of an electromagnetic field, the spatial variation of E obeys the law:

dive =Pe
80

In integral form: @, :ﬁé.d~8: %.”J.pE.dV
s oG

2. In a point P of an electromagnetic field, the spatial variation of B obeys the law:
divB=0

In integral form: Py :ﬁé_ds: 0
S

3. In a point P of an electromagntic field, the spatial variation of E and the rate at which
B is changing are connected by the relation:

rotE = - %8
ot
In integral form: féa = —”%—?d_é: —%” B.dS= _a;zb
S S

4. In a point P of an electromagnetic field, the spatial variation of B and the rate at which
E is changing are connected by the relation:

In integral form:

These are the laws of Maxwell or the laws of electromagnetism.
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V. The interaction between charges
5.1. The interaction between charges at rest

We consider a set of point charges anchored in an inertial reference frame 0. They create
and maintain an electromagnetic field that is, in each point of the space linked to O,

completely determined by the vector E . Each charge is “immersed” in a cloud of e-
information. In every point, except its own anchorage, each charge contributes to the
construction of that cloud.

Let us consider the point charge g carried by the point mass m and anchored in P. If the
other charges were not there, then g would be at the centre of a perfectly spherical cloud of
e-information. In reality this is not the case: the emission of e-information by the other

charges is responsible for the disturbance of that “characteristic symmetry”. Because EinP
represents the intensity of the flow of e-information send to P by the other charges, the
extent of disturbance of that characteristic symmetry in the direct vicinity of g is determined

by E in P.

If it was free to move, the point charge g could restore the characteristic symmetry of the e-
information cloud in his direct vicinity: it would suffice to accelerate with an amount

QZEE. Accelerating in this way has the effect that the extern field disappears in the
m

origin of the reference frame anchored to g. If it accelerates that way, the mass becomes
“blind” for the e-information send to P by the other masses, it “sees” only its own spherical
e-information cloud.

These insights are expressed in the following postulate.

5.1.1. The postulate of the electrical action

A free material point with mass m and charge g acquires in a point of an electromagnetic
field ( E, I§) an acceleration a = ﬂ.é so that the characteristic symmetry of the e-
m

information cloud in its direct vicinity is conserved. A point charge anchored in an
electromagnetic field cannot accelerate. In that case it tends to move. We can conclude
that:

A point charge, carried by a mass m, anchored in a point of an electromagnetic field ( E,B )is
subjected to a tendency to move in the direction defined by E, the e-field in that point.
Once the anchorage is broken, the charge acquires a vectorial acceleration @ that equals

9.
m
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5.1.2. The electric force

Because an electrically charged point mass m carrying a charge g and anchored in a point P
of an electromagnetic field ( E, L3>) experiences an action because of that field, the field must

- according to §5.1.2 of “Gravitation explained by the Theory of Informatons” - exert an
action on that mass. If the anchorage is broken the effect of that action is an acceleration

—

a =E.E. Because the cause of an acceleration is defined as a “force”, an electromagnetic
m

field exerts a force on a point charge, more specifically an “electric force” F.. The relation

between that force ( IEE) and its effect (a) is:

Fe =ma.

So, the relation between the electric field in P and the force it exerts on a point charge in
that point, is:

Fc =qE

5.1.3. Coulomb’s law

In fig 7 we consider two point charges q; and g, anchored in the points P; and P, of an
inertial frame.

g; creates and maintains an electric field that in P, is defined by:

= _ G =
E, =——.
2 Ame, R G2
This field exerts a gravitational force on g_:
= _. = __ 049 A
F,=0,.E, —Wo.sz-elz
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In a similar manner we find F,;:

= Q1-Q2 A —_rF
F,=—b% & -_F
2 4me, R € 12

This is the mathematical formulation of Coulomb’s law.
5.2. The interaction between moving charges

We consider a number of electrically charged point masses (m, g) moving relative to an
inertial reference frame 0. They create and maintain an electromagnetic field that in each
point of the space linked to O is defined by the vectors E and B. Each charge is
“immersed” in a cloud of informatons carrying both e- and b-information. In each point,
except its own position, each charge contributes to the construction of that cloud. Let us
consider the charge g that, at the moment t, passes in the point P with velocity V.

- If the other charges were not there, the e-field in the vicinity of g (the “eigen” e-field of g)
should be symmetric relative to the carrier line of the vector V. Indeed, according to 3.3
the e-spin vectors of the informatons emitted by g during the interval (t - At, t + At) are all
directed to that line. In reality that symmetry is disturbed by the e-information that the

other charges send to P. E, the instantaneous value of the e-field in P, defines the extent
to which this occurs.

- If the other masses were not there, the magnetic induction in the vicinity of g (the “eigen”
b-field of g) should “rotate” around the carrier line of the vector V. The vectors of the
vector-field defined by the vector product of V with the magnetic induction that

characterizes the “eigen” b-field of g, should - as E - be symmetric relative to the carrier
line of the vector V. In reality this symmetry is disturbed by the b-information send to P

by the other charges. The vector product (V x é) of the instantaneous values of the
velocity of g and of the magnetic induction in P, defines the extent to which this occurs.

So, the characteristic symmetry of the cloud of e-information around a moving charge (the
“eigen” electromagnetic field) is disturbed by E regarding the “eigen” e-field; and by

(VvxB) regarding the “eigen” magnetic field. If it was free to move, the point mass g could
restore the characteristic symmetry in its direct vicinity by accelerating with an amount
a=E + (V% Ls:) relative to its “eigen” inertial reference frame” 0'. In that manner it would

become “blind” for the disturbance of symmetry of the electromagnetic field in its direct
vicinity.

These insights form the basis of the following postulate.

" The “eigen” inertial reference frame O’ of the point charge q is the reference frame that at the
moment t moves relative to O with the same velocity as g.
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5.2.1. The postulate of the electromagnetic action

A point charge q carried by a point mass with rest mass mg that is moving in an

electromagnetic field ( E,B ) with velocity V, tends to become blind for the influence of that
field on the characteristic symmetry of its “eigen” field. If it is free to move, it will accelerate
relative to its “eigen” inertial frame with an amount &' :

a="9 (E+@xB)
m,

5.2.2. The Lorentz force

=

Because it is the cause of the acceleration &' of the point charge g relative to the reference

frame that moves with the same velocity V as that charge, the force IEEM exerted on g is:

F., =m.a". And with a':%.{éﬂwé)};

IEEM =q.(Vx E)

This force is called the Lorentz force. It is the superposition of the electric force IfE = qE

and the magnetic force Fy = q.(VxB).

The acceleration &' of the point mass relative to the eigen inertial reference frame 0’ can
be decomposed in a tangential (éi} ) and a normal component (é;“ ):
a =a & and a, =ay &,

€, and € are the unit vectors, respectively along the tangent and along the normal to the

path of the point mass in O’ (and in O).

We express @, en a, in function of the characteristics of the motion in the reference

1 dv : v?
and ay

(1_182)2 dt R.ﬂl_ﬁz

(If R is the curvature of the path in O, the curvature in 0’ isRy1- 37 .)

system 0"): a, =

The Lorentz force is:

S 1 dv 1 vi |
Fev =0a _q'(aT'eT tay 'eN) Q=& +—1'E'eN Tt

3 dt’ 1
- a-py
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Finally, with:

We obtain: F.,, =——
EM dt

p is the linear momentum of the point mass relative to the inertial reference frame 0. It is
_ M
2

%
1-—

C2

the product of its relativistic mass m = with its velocity V in O.

The linear momentum of a moving point mass is a measure for its inertia, for its ability to
persist in its dynamic state.

5.2.3. The interaction between two uniform linear moving point charges

5.2.3.1. The interaction between two moving point charges according to S.R.T.

Z=Z:A
Va
R | -
Fgl A0’ N FlZ; .Y
/ 1 4z
X’ 0] > Y
X Fig 8

Two point charges, g; and g, (fig 8) are anchored in the inertial frame O’ that is moving with
constant velocity V = Vi, relative to the inertial frame O. The distance between the charges
is R.

In O’ the charges are at rest, they don’t move. According to Coulomb’s law, they exert on
each other forces with equal magnitude:

[ R R q'q
F_F12_F21_ 1—2

In O both charges are moving with constant speed V in the direction of the Z-axis. From the
transformation equations between an inertial frame O and another inertial frame O’, in
which a point charge experiencing a force F’ is instantaneously at rest(s’, we can immediately
deduce the force F that the point charges exert on each other in O:
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F=F,=F,= F'.,/l—(%)z =F . 1-5

5.2.3.2. The interaction between two moving point charges according to the theory of
informatons

In 3.5, it is shown that the electromagnetic field ( E, I§) of a charged particle g that is moving
with constant velocity V= V€, along the Z-axis of an inertial frame O (fig 8) is determined
by:

— 32 _ 2
E:47:r3' =~ 3'r:4zz?r2' =~ ERg
o (1- B sin? 6)? o (1- B2 sin?6)?
s__ O 1-p° o
B= . (VxT
4rE,cer 5-(V>T)

(1- 3% sin 6)2
\'

with 8 =—, the dimensionless speed of g. One can verify that these expressions satisfy
C

Maxwell’s laws.

In the inertial frame O, the charges g; and g, are moving in the direction of the Z-axis with
speed V. g, moves through the electromagnetic field generated by g;, and g; moves
through that generated by g,.

According the above formulas, the magnitude of the electromagnetic field created and
maintained by g; at the position of g, is determined by:

g, 1 g 1 \Y;

> and B, = 5 —
4rER" |1~ B2 4rER" J1-p% C

> =

And according to the force law IEEM = [E+(V>< B)] F.,, the magnitude of the force

exerted by the electromagnetic field (EZ,BZ) on g, - this is the repellent force of g; on g5 -
is:

F,=0,.(E, - V.B,)

After substitution: Fp, = 1 q1q2 A1-57 =F, 4J1-B°
IEO

In the same way we find: F,, = N qlqz - B% =F,+1- 57
ZEO

We conclude that the moving charges repel each other with a force:

F=F,=F, =F'./1- §
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This result perfectly agrees with that based on S.R.T. (§5.2.3.1).

We can also conclude that the component of the electromagnetic force due to the b-
induction is 82 times smaller than that due to the e-field. This implies that, for speeds much
smaller than the speed of light, the effects of het 8-information are masked.

VI. The electromagnetic field of an harmonically oscillating point charge g
Electromagnetic waves

| .
| &/
7}
(0] ;Y

In fig 9 we consider a point charge g that harmonically oscillates around the origin of the
a
inertial reference frame O with frequency vV = 2— At the moment t it passes in P;. We
JU
suppose that the speed of the charge is always much smaller than the speed of light and that
it is described by:
v(t) =V cosat

The elongation z(t) and the acceleration a(t) are than expressed as:

Z(t) = !w.cos(a,t —g) and a(t) = wV.cost +§)

We restrict our considerations about the electromagnetic field of g to points P that are
sufficiently far away from the origin 0. Under this condition we can posit that the
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fluctuation of the length of the vector ﬁi =T, is very small relative to the length of the
time-independent position vector ' that defines the position of P relative to the origin O.

In other words: we accept that the amplitude of the oscillation is very small relative to the
distances between the origin and the points P on which we focus.

6.3.1. The transversal electromagnetic field of an harmonically oscillating point charge

Starting from V =V.e'® - the complex quantity representing V(t) - the complex
representation EDC of the time dependant part of the transversal component of E and
the complex representation §¢ of the time dependant part of B in P follow immediately
from 3.8.2.

E =W g1 10y gng ang B, =tV g (1K) gng
4. E,Cr r r r

m

Oc
C

a —
Where k =— is the phase constant. Note that B, =
C

So, an harmonically oscillating point charge emits a transversal electromagnetic wave that -
relative to the position of the charge - expands with the speed of light:

. H / 2,2
B, (r,6t) = Ere(1,O1) _ Ho QY SINGNLTKT .COSEt —kr+®) with tgd =kr
c

Arr?

In points at a great distance from the oscillating charge, specifically there were r >>

7

x|
lo

this expression equals asymptotically:

r .
. : Hy-0a,(t——).sin@
EDC = —'uo kqv 'Smg_sin(ai — kr) = —M_Sin(m — kr) = C
C 47 4rcr 4rcr

B, =

The intensity of the “far field” is inversely proportional to r, and is determined by the
component of the acceleration of g, that is perpendicular to the direction of €.

6.3.2. The longitudinal electromagnetic field of an harmonically oscillating point charge

The oscillation of the point charge g along the Z-axis is responsible for the existence of a
fluctuation of r, = PP (fig 9), the distance travelled by the informatons that at the moment

t pass near P. Within the framework of our approximations:

2(t-1) 2(t-")

ro(t)zr—z(t—%).cost?=r.1— rC cosd}t and (ri)zzriz.(hz. rC cosb)
0
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;
From 3.8.2 it follows: E_ = g >+ g 5 2.Z(t——).cosf
4meyr°  Ame.r ¢

So EC, the complex representation of the time dependant part of the longitudinal

— Vv 2
electromagnetic field is: E_ :q—.e ’kr._—3 cosd
a4 J.wE,.r

We conclude that an harmonically oscillating point charge emits a longitudinal

electromamgnetic wave that - relative to the position of the mass - expands with the speed
of light:

. qVv 2 .
E.(r,0;t)=———.—.sin(at —kr
(1,620 4e,.ck r® ( )

In the “far field”, it can be neglected relative to the transversal wave.

6.3.3. The energy radiated by an harmonically oscillating point charge
6.3.3.1. Poynting’s theorem

In empty space an electromagnectic field is completely defined by the vectorial functions
E(x, y,zt)and B(X,y,zt). It can be shown” that the spatial area G enclosed by the
surface S contains - at the moment t - an amount of electromagnetic energy given by the

expression:
2
U= [
G

BZ
—).dv
244,

The rate at which the energy escapes from G is: ——= —_[”(EO E — +i B. —) dv
0

According to Maxwell’s third law: rotE = —%—?.

And according to the fourth law: rotE =&,. 6_E

Ho ot

So:

m(—rotE Erot—)dV mduv( )dV

By application of the theorem of Ostrogradsky(z): ” divF.dV Zﬁlf.d_é, one can rewrite
G S

0U EXBd_é
at S IUO

this as:
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One can conclude that the expression .dS defines the rate at which energy flows

Hy
through the surface element dS in P in the sense of the positive normal. So, the density of

the energy flow in P is: . This vectorial quantity is called the “Poynting’s vector”. It is

Hoy
represented by P:
- ExB
Hy

The amount of energy transported through the surface element dS in the sense of the

positive normal during the time interval dt is:
ExB —

du = .dSdt
Ho

6.3.3.2 The energy radiated by an harmonically oscillating point charge - Photons

Under 6.3.1 it is shown that an harmonically oscillating point charge g radiates a transversal
electromagnetic wave that in a far point P is defined by:

- . _ M,qaV.sing . .
E=E.&,= —OT.sm(ai —kr).&..
- . aV sing . _
B=B, €, = —MT.sm(at —kr).g,

The instantaneous value of Poynting’s vector in P is:

Uy Q.0 NV sin’ @

S=
16.77°.c.r?

Sin(at —kr).&,
The amount of energy that, during one period T, flows through the surface element dS that
in P is perpendicular to direction of of motion of the informatons, is:

Ho-Q>.a’V?sin® 6 T
1677 cr®> 2

)
du = j P.dt.dS= ds
0

And with w:% = 27TV :

2\/2 oin2
U = Hod V< .sin H.V'd_S

d
8c r2

ds
— = dQ is the solid angle under which dS is “seen” from the origin .
r
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So, the oscillating charge radiates, per period, an amount of energy per unit of solid angle in
the direction & :

_ Uy q° V7 sin’ @ )

u
© 8c

The density of the flux of energy is greatest in the direction defined by & = 90°, thus in the

direction perpendicular to the movement of the charge. The radiated energy is proportional to
the frequency of the wave, thus proportional to the frequency at which the charge oscillates.

We posit that an oscillating charge q loads some of the informatons that it emits with a
discrete energy packet hV. Informatons carrying an energy packet are called photons.

In other words, we postulate that the electromagnetic energy radiated by an oscillating
point charge is transported by informatons. This implies that photons rush through space
with the speed of light.

Consequently, the number of photons emitted by an oscillating point charge g per period
and per unit of solid angle in the direction & is:
_ .9V sint @
NfQ -
8hc

It follows that the total number of photons that it emits per period is:

2\/2 T
N, :M.Zﬂ.jsin3 6.d6 :7—7.&.q2.\/2
8hc 5 3 hc

Let us compare Ny with N, the number of informatons that the electrically charged oscillating
point mass m emits during the same interval:

2

C _ LU,

N=NT=Smiz13610°™ and N, =70 ?v2 = 6631082V
h v Vv 3.hc
If the oscillating entity is an electron, we obtain:
0
N :ﬂ and N, = 17010°V?
%

Since the instantaneous speed cannot reach the speed of light, we can find an absolute
upper limit for N

N, < 17010°.c® = 15310

It is impossible for an oscillating electron to emit more than 1,53.10 photons per period.
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From the definition of a photon it follows that the number of photons emitted during a
period must be smaller than the number of informatons emitted during the same interval:

124107
v

153107 <

So: V <810.10” Hz.

We conclude that 810.10° Hz is an absolute upper limit for the frequency of the
electromagnetic waves that can be radiated by an oscillating electron. If the source of
radiation is an oscillating proton the frequency of the electromagnetic wave must be smaller
than 1,50.10” Hz.

6.3.4. On the dual nature of light

The hypothesis that photons are nothing else than informatons carrying a packet of energy
allows us to understand the strange behavior of light as described by QED®. The wave
character of light can be understood as the macroscopic manifestation of the dynamics of
the informatons emitted by an oscillating point charge; and the corpuscular character as the
manifestation of the fact that some of those informatons are carriers of a quantum of

energy. We illustrate this by a short study on the diffraction of light.

6.3.4.1. Babinet’s theorem - The Huygens-Fresnel principle(s)

Fig 10

In fig 10,a a perfectly opaque flat plate with an opening in it is shown. A plane
electromagnetic wave G (a light wave) with frequency V is send to the opening. The “wave
fronts” are parallel to the plate. G is constituted by a flow of informatons that are
transporting e- and b-information, some of them also are carrying a package of energy. In
fig 10,b the same plate is shown but now the opening is filled with a perfectly opaque plug.

In each point where it passes the wave maintains an electromagnetic field characterized by
the time dependant vector pair (EO = EDC,B). For the existence of that field it doesn’t
matter whether or not the informatons are carriers of energy.
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For the expansion of G in the space beyond the plate, nor the magnitude or the form of the
opening, neither the presence of the plug matters. Indeed, the plate as well as the plug are
transparent for the wave since it is constituted by a flow of mass- and energy less entities.

Some of the informatons transport an energy packet. When such an informaton (a
“photon”) is penetrating the plate (or the plug) its energy package will be absorbed by an
atom in the plate (or the plug). That atom will be forced to emit a secondary
electromagnetic wave with the same frequency as the incident. The movement of the
informaton has not been disturbed by this phenomenon.

So, in the situation of fig 10,a the electric field in a point beyond the plate is composed by
the superposition of the original plane wave G with the secondary waves that are emitted

by the atoms in the plate. E - the electric field in a point P beyond the plate - is the sum of
EO - the electric field in P due to the passage of the plane wave G - and Epl - the electric
field due to the passage of the secondary waves generated by the atoms in the plate:

E=E,+E,

In the situation of fig 10,b, three sources of radiation contribute to the construction of the
field beyond the plate:

- the plane wave G whose contribution to the field in Pis E,,

- the part of the plate that is hit by G; this contributes with an amount Epl to the field in P,

- the plug that, in this condition, also is a source of radiation. Indeed, since it is absorbing
the energy packets that G sends in its direction, some of its atoms function as emitters of

electromagnetic radiation. The contribution of these waves to the field in P is: Eplug'

Naturally, in this situation - where the full plate is opaque - there cannot exist a field in P.
So:

EO + EpI + Eplug = E + Eplug = 0
We conclude: In the space beyond the plate, the superposition of the field radiated by the
plate and that radiated by the plug (the “complement” of the plate) is equal and opposite to

the field of the original plane wave.

£, +E,,, =-E,

plug —
This is Babinets theorem.

An equivalent formulation: In a point beyond the plate, the plug generates an
electromagnetic field that is exactly equal and opposite to the field that there is if the plug is
removed, or the field in the space beyond the plate without plug is equal and opposite to
the field generated by the plug.

E=-E

plug
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This implies that the field E beyond the plate with the opening (situation of fig. 10,a) can be
found by considering the opening as the only source of radiation, what can be expressed as:

Each point of the wave front reaching the opening can be regarded as a point source
emitting a spherical electromagnetic wave, the effective wave in the region beyond the
opening is the superposition of all these waves.

This is the Huygens-Fresnel principle.
6.3.4.2. Max Born’s interpretation of the diffraction of light

With the Huygens-Fresnel principle as a starting point, we can calculate the strength of the

electric field E in an arbitrary point in the region beyond the plate of fig 10,a. E is an
harmonic function of time. E?, the square of the effective value of E(t), characterizes the
intensity of het electromagnetic field (the intensity of light) in P.

We know that E is a measure of the density of the flow of e-information in P: the greater
the value of E2 in P, the greater the number of informatons that per unit of time are passing
near P. Some of these informatons are carriers of an energy packet: it are photons. The
denser the cloud of informatons near P, the greater the number of photons near that point.

So, the density of the cloud of photons near P must be proportional to EZ.

This explains the interpretation of Max Born: the probability for a photon at a point P is
proportional to EJ.

6.3.4.3. Diffraction of light

In fig 11 we consider a plane (light) wave G send through a narrow split in a perfectly opaque
plate. a is the width of the split and A is the wave-length of the wave. The distance L
between the plate and the screen - that is parallel to the plate - is much larger than a.

L w 0

V><

Y

Fig 11
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With the Huygens-Fresnel principle as starting point, we can calculate the strength of the
(transversal) electric field E in an arbitrary point in the region beyond the plate of fig 10,a.

E is an harmonic function of time. E? , the square of the effective value of E(t),
characterizes the intensity of het electromagnetic field (the intensity of light) in P.

The calculation® of EZ2 as a function of sin(Ad) learns that £ is maximal in the strip of the

screen where sin(A@) =0 (what corresponds with y=0) and gradually decreases to 0
. A

when sin(Af) =—. With a further increase of Afcorresponds an increase of E2 until a
a

new maximum is reached (a maximum that is smaller than the central one), etc.

Thus, in the centre of the screen (around y = 0) is a bright strip whose edges are defined by
. A

Sin(Ad) =+—. This bright strip is caught between two dark strips, which are followed by
a

bright strips who are less clear than the central one, etc.

Since the value of ES is proportional to the number of photons that - per unit of time - goes

through P, the intensity of light in a point of the screen characterizes the rate at which the
screen is hit by photons in that point.

Most of the photons hit the screen in the strip defined by the condition:
_A <sin(Afd) < +i
a a

The intensity pattern we have found is only possible if the photons that rush through the
split can change direction, in other words if they can “deflect”.

Since informatons always move straight away, the deflection of the photon san only be
understood as the transition of an energy packet from one informaton to another that
crosses its pad.

As explained under 6.3.4.1 two different sources of e-information send informatons through
the region between the plate and the screen.

1. Informatons that constitute the incident wave G that move in the direction of the X-
axis.

2. Informatons emitted by the part of the plate that is hit by G. They rush through the
region beyond the plate in all possible directions.

If informatons of group 1 carrying an energy packet are crossing the path of informatons of
group 2, it may happen that they transfer their energy packet. This leads to the substitution
of a photon by another. This transfer of an energy packet between two informatons can be
interpreted as the deflection of a photon. The deflected photon will hit the screen
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A A
somewhere where E? #0, thus in a point of the central strip where ——<sin(Af) <+-—,

a a
or in another more remote bright strip. One can posit that |A[Sin(A9)]| - the uncertainty on

A
the magnitude of the sinus of the angle of deflection - is at least —:
a

Alsin@a6)] 2%

6.3.4.4. Heisenberg’s uncertainty principle

A photon rushing to the plate has a linear momentum:

~_hv . _h_
p—T.ex— 8,

N e

If it, after been “deflected”, hits the screen in the direction Af, its linear momentum
beyond the split has a component parallel to the Y-axis:

p, = p.sin(Ad) = ;.sin(AH)

The uncertainty on the magnitude of [sin(A8)| corresponds to an uncertainty ‘Apy‘on the

magnitude of p,:

h
‘Apy‘ 2=

The photon can have gone through each point of the split: so, a = Ay is the uncertainty on its
position:

Ay.Ap, =h

This equation is one of Heisenberg’s uncertainty relations.

VI. THE NATURE OF THE ELECTROMAGNETIC FIELD’

According to the postulate of the emission of informatons, the electromagnetic field of a
charge at rest is characterized by the following statements.

1. Electromagnetic phenomena propagate with the speed of light. This is a direct
consequence of the fact that - relative to an inertial reference frame - informatons move at
the speed of light.

* We restrict our considerations to electromagnetic fields outside dielectric or magnetic materials.

Antoine Acke - © - Theory of Informatons



45

2. The electromagnetic field is granular. This is evident, because the elementary building
blocks - the informatons - are e-information grains. Macroscopically, the granular character
of the field can be neglected because of the high density of the cloud of informatons.

3. The electromagnetic field continuously regenerates. The informatons that constitute the
field in AV - any volume element of space - are continuously replaced: indeed, they fly
through the volume element. So, AV contains e-information that is continuously
regenerating.

4. The electromagnetic field shows fluctuations. Because the emission of informatons by a
point mass is a stochastic process, the rate at which informatons cross an elementary surface
that in P is perpendicular to the direction of movement, fluctuates. This implies that there is

noise on the e-field E.

5. The electromagnetic field expands with the speed of light. The surface of the spherical
cloud of informatons that is generated and maintained by a point mass moves away from the
emitter at the speed of light.

6. In an electromagnetic field, there is conservation of e-information. The source of e-
information is the charge of the emitter. In a point P of an inertial reference frame, a charge
continuum is macroscopically characterized by the charge density p.. The rate at which e-
information flows out through a closed surface equals the rate at which e-information is
generated in the space enclosed by that surface. Mathematically, this can be expressed as a

relation between the spatial variation of the e-field E and the charge density pg in P:

divE = PE .
80

Complementary, the following statements are valid for the electromagnetic field of a
uniformly moving charge.

7. The e-field E in P of a point charge that is moving with constant velocity is always on the
line that connects P with the actual position of that charge. This is an obvious
consequence of the fact that the e-spin vector of the informatons emitted by that charge is
always on the line that the informatons connects to the actual position of their emitter. This
implies that in a point of an electromagnetic field generated by a moving charge q, the
orientation of the e-field is not determined by the direction in which q is seen (that is its
light-delayed position) , but by that where q really is.

8. The e-induction B shows fluctuations. The reason for this phenomenon is the same as
that for the phenomenon mentioned under 4.

9. From the definition of the b-index, it follows: divB = 0. This relation is the expression of
the fact that S, the b-index of an informaton is always perpendicular to its velocity C.

Antoine Acke - © - Theory of Informatons



46

10.The spatial variation of the magnetic induction in a point of an electromagnetic field
depends on jE, the densitity of the charge flow in that point: rotl_3>=,uo.jE with

My = - - The source of b-information is moving charge. In a point of an inertial reference
&,-C

frame, a continuous charge flow is macroscopically characterized by the charge flow density

J g. The relation rotB = ,Uo-j £ expresses how the generation of b-information in a point is
affecting the magnetic induction in that point.

The definitions of E and of Bcan be extended to the situation where the electromagnetic
field is generated by a set of whether or not - uniformly or not uniformly - moving point
charges or by a whether or not moving charge continuum. In that general case, the
statements 1 - 10 stay valid. In addition:

11.From the dynamics of an informaton, it follows that in empty space:

. 11a. rotE:—a—B
ot

1 0E
c?’ ot

e 11,b. rotB=

12.There is a perfect isomorphism between the gravitational field and the electromagnetic
field. From 6, 9, 10, 11, it follows that in a point P situated in a charge continuum that is

characterized by the charge density pg and the charge flow density J £/ E and B satisfy the
following equations:

o 121. divE = Pe
‘90

e 122 divB=0

—

e 123 rotE:—a—B
ot

= = .1
e 124 rotB:uo.JE+?.—

In an inertial reference system, the interaction between charges is determined by a force
law that is analogue to the force law of G.E.M. It is the expression of the fact that a point
charge tends to become blind for the flow of e-information generated by other point
charges.

13. A point charge q that moves with velocity V through an electromagnetic field ( E,B )

experiences a force IEEM = q.[E + (V% g)] .
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