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ENERGIZING A CAPACITOR

Let us connect a capacitor with the poles of a battery. Herebelow are the consequences:

1) the capacitor is energized because electric charges are carried from one capacitor’s plate
to the other at battery energy’s expense.
Energy (coming from the battery) is dissipated in the conductors connecting the capacitor
with the battery (Joule effect).

2) the capacitor is energized because energy coming from the battery and associated with
the electric field (usually considered a physical object and therefore characterized by energy
and momentum) enters in the form of Poynting vector flux in the space between the plates
(see, for example, section 27-5, vol. 2 of Feynman’s Physics).
Energy (coming from the battery) is dissipated in the conductors connecting the capacitor
with the battery because the Poynting vector flux enters into them (see Feynman’s Physics,
section abovementioned).

Energy WQ acquired by the capacitor in process 1 is quantitatively the same as energy
WE acquired in process 2:
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where (Gauss’ double symmetric measure system)
Q = capacitor charge;
C = capacitance = πr2/4πd;
r = radius of plates (assumed to have circular shape);
d = distance between plates (assumed to be parallel);
a+ = positively charged plate;
a− = negatively charged plate;
ϕ(a±) = plate potential; ϕ(a+) − ϕ(a−) = Q/C ;
E = electric field between plates (assumed to be uniform, perpendicular to the plates and
with negligible border effects) = (ϕ(a+) − ϕ(a−))/d;
E2/8π = energy density of the electric field;
πr2d = volume of space between plates.

* * *
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When does process 1 finish?
When the reverse electric field which is growing in the space between the plates blocks the
charge current.

When does process 2 finish?
When process 1 finishes, i.e when charge is no longer conveyed by the battery from one
plate to the other, because at that time the field B, associated with the time variation
of field E increasing between the plates, goes to zero and as a consequence the Poynting
vector Se goes to zero as well:

Se =
cE × B

4π

Therefore process 2 is driven by process 1, so that it is necessary to conclude that the two
processes occur simultaneously and the capacitor becomes doubly energized: once due to
the charge imbalance on the plates and once following the store of energy of the eletric
field present in the space between the plates.
In each of the connecting conductors a double heat amount is generated, the one due to the
Joule effect and the one due to the flux of the Poynting vector entering into the conductors.

* * *

Both the capacitor double energizing and the heat double generation in the connecting
conductors are consequences of the fact that the electromagnetic field is considered a
physical object.
Actually, if it were a mathematical object, no energy store due to the Poynting vector
flux would occur, because a mathematical object has no energy, and therefore only the
energizing due to the charge transport would remain (point 1).

Attributing to the electromagnetic field the characteristics of a physical object is a conse-
quence of the abandon of aether, continuous body endowed with special elastic properties
considered in the past times really existent and responsible of the electromagnetic in-
teractions but eliminated from the scenario of Physics because of experimental results
(Michelson-Morley experiment) and conceptual constraints (Theory of Special Relativity).
Attributing physical characteristics to the aether, non-relativistic object, has been replaced
by attributing physical characteristics to the electromagnetic field, relativistic object.
But this replacement cannot be validated, because the consequences of attributing physical
characteristics to the e.m. field are those shown above while presenting the energization
process of a capacitor, i.e. imply doubling the energy stored by the capacitor and the
energy dissipated into heat. Moreover, they regard not only the charge of a capacitor, but
any electromagnetic system.
It is sufficient, as a simple example, to think of the doubling of heat generation in the
elementary system consisting in a conductor where current generated by a battery is flowing
and therefore the conductor is interested by the Joule effect and by the Poynting vector
flux entering through the conductor surface (see Feynman’s Physics, vol. 2, section 27-5),
both generators of the same heat.
Conclusion: the concept “electromagnetic field = physical object” has to be abandoned.

* * *

So, what is the correct way to introduce the Maxwellian Electromagnetism?
In section 27-5 of the second volume of his Physics treatise Feynman keeps unchanged
the assumption that the e.m. field is a physical object and proposes to forget about the
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Poynting vector, which he defines a nonsense. As a consequence, no flux enters into the
space between the capacitor plates and no heat is generated by the flux of the Poynting
vector entering into a conductor where electrical current flows: therefore all the doublings
are avoided.
But Feynman’s proposal is not clearly formulated, because in section 27-6 he first accepts
the validity of the moment of the e.m. field, then he shows (correctly) that the Poynting
vector and the moment of the e.m. field are mutually proportional. For instance, in the
vacuum we have
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E × B
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while in the matter characterized by the electric permittivity ε e by the magnetic permit-
tivity µ we have
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√

εµ = speed of an e.m. perturbation in matter.

So, how can the Poynting vector be a nonsense?

Not more illuminating considerations can be found in the second volume of Berkeley’s
Physics, where in section 1.7 the following comment is given about the nature of the
electric field generated by a charge distribution:

“. . . Perhaps you still want to ask, what is an electric field? Is it something real, or is it
merely a name for a factor in an equation which has to be multiplied by something else to
give the numerical value of the force we measure in an experiment? . . .

. . . it doesn’t make any difference . . . ”

But if the electric field is something real, i.e. if it is a physical object, then it has energy
and momentum, while it has no physical properties if it is just a multiplicative factor,
i.e. if it is a mathematical object, and this implies differences, as we have seen at the
beginning of this post considering the charge process of a capacitor, as well as in other
posts of “fisicarivisitata”, where it was shown that the electromagnetic field can not be a
physical object, but has to be considered a mathematical object, so that it is necessary
to reinterpret the Maxwellian Electromagnetism, which has to be presented on the base
of two descriptions of the electromagnetic phenomena instead of the unique description
usually adopted.
Both Feynman’s Physics and Berkekey’s Physics are indicators of the incertitude of the
foundations on which the Maxwellian Electromagnetism is located at present, foundations
where the Maxwell equations stand out, safe support in the fog of attributions/interpreta-
tions.

* * *

Let us look for an acceptable way to present the Maxwellian Electromagnetism.

Electromagnetic phenomena can be observed in the following scenarios:
- matter distribution whose state of ordinary e.m. equilibrium has been modified creating
in it one or more electronic imbalance points, or
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- distribution in vacuum of e.m. active particles (electrons, protons)

As we know from Quantum Electrodynamics the e.m. forces that can be onserved in these
systems are brought about by exchanges between electrons, or between protons, or between
electrons and protons.

Maxwellian Electromagnetism, being a pre-quantum theory, can not use this explanation.
In it the e.m. forces have to be described in two distinct and alternative ways and on the
base of two mathematical objects:
- the electric charge;

- the aether, elastic omnipervasive body,

which generate respectively the description based on the concepts of charge/field and the
description based on the classical modelling of the photons/vacuum system, both commen-
ted many times in “fisicarivisitata”.

Once charge or aether have been introduced, the photon mediating function among elec-
trons/protons, that now must be considered unable to emit/absorbe them, is replaced
respectively by:

- action at a distance, i.e. not mediated by anything, carried out by the electric charge
with finite propagation velocity;

- action mediated by the aether.

Charge and aether are useful mathematical objects. They do not correspond to anything
really existing and nevertheless, together with another mathematical concept, the electro-
magnetic field, allow to set up two mutually alternative theories very efficient in describing
the electromagnetic phenomena in a simplified way allowing the development of technolo-
gies to which mankind owes a large parte of its present civilization level and that practically
could not have arisen on the base of the concept “e.m. force = exchange of photons”.

* * *

• Aether is a body where it is not possible to spot a point and with regard to which
it is not possible to define any motion condition; nevertheless it is possible to endow it
with properties similar to those of an elastic body and described by the electromagnetic
dynamical variables, which are relativistic.
Once the concept of aether has been introduced, the e.m. forces are described as states of
mechanical tension of this body.

The state of mechanical tension is the concept more similar to the exchange of photons
that the Maxwellian Electromagnetism is able to put forward.

The energetic tensor T , like any other dynamical variable, is a function of the electric and
magnetic fields.

The force density associated with the tension state is expressed by

fEM = ∇ · T − ∂pe

∂t
(1)

where fEMdτ is to be intended as the force acting on the little volume dτ where a test
body is located made of matter having the (quantum, but not classical) property of emit-
ting/receiving photons. To this property corresponds, pre-quantumwise, a tension state of
aether.

The description of e.m. phenomena based on the concept of aether, which forms the
classical modelling (within the limits allowed by a pre-quantum theory) of the system
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photon/vacuum, is treated in detail in the First Part of the study “Reinterpretare l’E-
lettromagnetismo maxwelliano per spiegare la Meccanica quantistica” published in this
blog.
As an example of application of the methods belonging to this description let us consider
the process of energizing a capacitor. Said process, as already commented in point 2, is
due to the store of energy transported by the flux of the Poynting vector into the space
between the capacitor plates.
When does this process finish?
Certainly not when the current is blocked (as it had been assumed in the initial part of this
study), as in the description we are considering the electric current (i.e. moving electric
charge) does not exist: what exists is the field of the Poynting vector, generated by the
battery, which is output-directed from the battery and input-directed into the capacitor.
The process finishes when the elastic tension piled up between the plates has such a value as
to prevent the elastic energy from further increasing thus blocking the flux of the Poynting
vector.

• Definitely different is the description of the e.m. phenomena based on the concept of
electric charge.
An electric cherge does not emit/receive any photon and acts at a distance.
The concept of electric charge is connected with the one of amplitude probability that an
electron or a proton can emit/receive a photon (see R. Feynman, ”QED - The strange
Theory of Light and Matter”, chap. 3)
The force that can be observed in the abovementioned scenarios has the following density

fL = ρE + ı ×B = ρ(E +
U
c
× B) (2)

where ρ is the charge density, known as Lorentz force density.
Fields E and B are defined by the Maxwell equations.
Let us take note of the fact that the force calculated according to (1) is quantitatively
equal to the force calculated according to (2), i.e.

fEM ≡ fL

where the identity sign indicates that fEM and fL are two different interpretations of an
unique force, the one that can be observed experimentally, and not the expressions of two
forces (equal in module and direction) both present.
Any electric charge acts at a distance on another charge; no physical objects act as inter-
mediators. The e.m. field, being a methematical object, can not mediate anything, i.e. it
can transmit neither energy nor momentum (sole mediators are the photons, defined by
a quantization process of the dynamical e.m. variables that characterize the description
based on the aether).
This leads us to consider the description based on the electric charge as a mere program
for computing the Lorentz force, i.e. an effective theory which can not answer any question
concerning how the e.m. forces physically propagate.

Photons are physical objects that have nothing to do with both the descriptions of the
Maxwellian Electromagnetism, which is a pre-quantum theory.
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It is important to take note that in static/stationary conditions the expression of force (2)
is the same as the one in dynamic conditions, while in eq. (1) the term expressing the time
variation of the e.m. momentum disappears in static conditions.

* * *

Conclusions:

in Maxwellian Electromagnetism, to avoid doublings, it is necessary to introduce two al-
ternative descriptions of the e.m. phenomena based on

• charge + e.m. field, assumed to be a mathematical object, or
• aether = elastic “body” endowed with dynamical variables defined as functions of the e.m.

field, assumed to be a mathematical object

instead of the single description currently referred to and based on

• charge + e.m. field, assumed to be a physical object endowed with dynamical variables.
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