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Abstract

In the present paper we look at the structure of the photon from the point of
view of electrodynamics using the generalized Maxwell equations. The reason
for our analysis is that today the photon is viewed as a quantum of an elec-
tromagnetic field in the form of a harmonic transverse flat wave that travels
through vacuum with the speed of light ¢ In this case the wave’s front takes
the form of an infinite plane. From a physical point of view such a concept, in
our opinion, is not very convincing when it comes to representing a photon
as a local particle. Indeed, such flat wave representation doesn’t agree well
with the theory of the photoelectric effect introduced by Einstein back in
1905. The photoelectric effect is the phenomenon of the release of the elec-
tron from a material under the influence of electromagnetic radiation. Using
the laws of conversation of energy and momentum during the collision be-
tween a photon and an electron as two particles, Einstein was able to obtain
the experimentally observed photoelectric effect that was not previously ex-
plainable using classical physics. In various nuclear reactions, the photon be-
haves like a particle that conforms to the conservation laws. Considering the
above, we will show using the generalized Maxwell equations that the elec-
tromagnetic wave associated to the photon is not necessarily a flat one, but
rather a cylindrical one.
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1. Introduction

The concept of the photon was first introduced by Einstein in 1905 when he was
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explaining the photoelectric effect: the phenomenon of the release of the electron
under the influence of electromagnetic radiation. By looking at the photoelectric
effect as the collision of two particles: the photon and the electron, and using the
laws of the conservation of energy and momentum he was able to explain the
experimentally observed photoelectric effect.

On the other hand, today the photon is associated with a transverse flat elec-
tromagnetic field. Such a dualism doesn’t seem very satisfying to us considering
that from a physical point of view it’s hard to imagine that the infinite plane (the
wave’s front) hits a point (the electron’s position). That is, at the moment of the
collision, it is as if the wave “collapses” into a point. Because of this, we attempt
to clarify the situation using the generalized Maxwell equations introduced in
[1].

We assume that for the description of the movement of a photon in a vacuum
must satisfy Maxwell’s equations:

rot H = 1.9
c ot
rot E = L 8_H’
c ot
divE =0,

divH =0.

>

From the condition of the stability of a photon [1] it follows that
E’-H’=0, EH=0(E LH), or ¥’ =0, (1)

where E and H are the vectors of the electric and magnetic fields respec-
tively, and ¥ =E +iH [1]. For the harmonic oscillation ¢ the Maxwell
equations take the form

rot H = —ikE,

2
rot E =ikH, @

where k=w/c and cis the speed of light. The Maxwell equations in the Carte-
sian coordinate system have a simple solution in the form of a transverse flat
wave traveling with the speed calong the axis z

E =4¢", E =Be*, E =0,

H, =A4¢", H =-Be'®, H_ =0,

x

3)

where A and B are constants. It’s easy to see that the solution (3) satisfies the
condition (1). We note that regarding this solution arise several questions:

1) Is this solution unique? That is, do there exist other electromagnetic waves
that can be associated with the photon.

2) Are they always transverse?

3) Are their speeds necessarily the speed of light ¢?

Below we give, in our point of view, satisfactory answers to these questions
which are based on the study of the generalized Maxwell equations [1] in curvi-

linear system of coordinates.
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2. Basic Relations

The more general solutions to the system of Equations (2), other than the flat
wave, can be obtained by writing the system (2) in curvilinear orthogonal
coordinates &,77,4 . In several cases [2] it’s possible to express all 6 functions
(Eg,Eﬂ,Eé—,Hg,
order equations (the wave equations or an equation leading up to it). This is

,»H ) using only two new functions Uand Vsatisfying second
possible if Equations (2) allow solutions of the electric type (transverse mag-
netic wave: E, #0, H, =0)and magnetic type (transverse electric wave: E, =0,
H, #0). The functions Uand V uniquely determine fields of every such types
in the case if the Lamé coefficients of the given coordinate systems ¢&,77,4  sa-

tisfy the following conditions [2]:

- i[’%:o,
g\ h, (4)
or h, =g (&.1)g($), h,=g,(&m)g($), h =1.

After performing a few transformations, it’s possible to obtain the following

equation for the function U:

2 h h
alf+ LI 2f%au), 042 U N, py—o, (5)
05" h:h,| 05\ b, 05 ) On\ h, On
which considering (4) turns into the wave equation:
AU +k*U =0, (6)

where A Uis the Laplacian:

h.h h.h h.h
AU = I )o| M oU +ﬁ 4 oU +i iy OU ) (7)
hehyh, | 0&\ h. 05 ) om\ h, oOm ) 05\ h. OF

After finding a solution to Equation (5), it’s possible to construct a solution to

Equations (2) of the electric type:

2 2 2
Ele aU’Eﬂzl U §=6€+k2U,
h, 0E0¢ h, 0no& oc ®
- ik oU ik oU H, —o.

hyon’ " h 0&

The expression for the fields of the magnetic type are easily obtained from
(8) considering that Equations (2) are invariant with respect to the transfor-
mations

H—->E E—>H, k—>—k,

and therefore we have
gV kv

——, E. =0

,: b b é‘ b
hyon’ " h. 0&

1o 1 o'V o'V

9
2 e i 9)
S ohoogg’ " hyomog’ T Cog?

+iV,
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where V satisfies Equation (5). The general solution gives the superposition of
the fields of the electric and magnetic types.

From the obtained solutions (8) and (9), it’s evident that they cannot be asso-
ciated with the photon because they don’t satisfy the stability condition of a par-
ticle (1). If one writes a solution in the form of a wave:

U(é”ﬂg):[j((::’])eiﬂg’
it’s possible to satisfy the condition
EH =0.
In order to satisfy the second condition
E’-H?=0,
it’s necessary to set S =k. In this case, the wave Equation (6) turns into the
Laplace’s equation:

AU =0, ()
where A, is the transverse Laplacian. This way, the field relationships (8) and
(9) simplify to

g0 g ko0
h. 0& h, on

. . (10)
ik oU ik oU
= o T e e T
n 77 & 5
The wave of the magnetic type satisfies the following relationships:
v o (11)
H_iaV ik oV o —o.

Thoee T o

From these solutions it follows that with a photon is associated a transverse
wave that travels with the speed of light c.

The conditions (4) satisfies coordinates systems in which ¢ has a Cartesian
coordinate z while £ and 7 can be any curvilinear orthogonal coordinates:
Cartesian (&=x, n=y), polar ({=r, n=¢), etc. From all possiblemathe-
matical options, in our opinion from a physical point of view it makes sense that
a photon is associated to a cylindrical wave (and not a flat one as it is believed
today) that has a well-defined axis of propagation. Using transverse coordinates
rand ¢, we obtain U (r,w) from Equation (6’) for a symmetric wave (i.e. in-
dependent of ¢ ) in the following equation

dU(r) 14dU0(r)
+
dr? r dr

El

U (r)= Alnr, where A constant.

While, for ¥ (r), we get the analogous solution
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I}(r) = Blnr, where B constant.

Using the formulas in (10) we obtain
5:}", n=e, é’:Z, h§ =1, h(/? =r, hz :1’

and hence for a symmetric cylindrical wave of the electric type we get

E =0, E,=——, E_ =0,
7 » z
r
H, =£, H, =0, H =0,
/% 4
where B = Bik . Their common solution, as a sum of two types of waves, has the
form
E, _A e E, =B, E. =0,
r r
H :ﬁeka, H, =£e"’“, H,=0.
o r

This solution to the cylindrical wave resembles the solution to the plane Equa-
tion (3) that can be obtained the same way using the above formulas in the Car-

tesian coordinate systems x, y; z This way
h:=h,=h, =1, U=Mx+ Ny, V:Mx+ﬁy,
where M,N,M ,and N are constants.

3. Note

The conclusions obtained above are based on the fact that the photon is a stable
particle and its electromagnetic field satisfies the relations (1). For nonstable
particles, the spectrum of the solution in f is not restricted by the condition
f =k, but rather can be arbitrary. This seems to indicate that there can exist
nonstable particles of various frequencies and velocities. If a fluctuation in a va-
cuum creates a particle is active for a time Azand is large compared to the period
of oscillation, that is Atw>>1, then within a particular interval of time the
above formulas hold.

The more interesting case, from our point of view, is when =0 (B=w/v)
or when with a fixed frequency @ the wave’s speed v — 0. In this case, all
derivatives with respect to § are equal to zero and the relations (6), (8), and (9)
take the form

AU +KEU =0, (6”)
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)
E.=0, E, =0, E, =kU,

; 7 ; 7 Electric type (8)
ik oU H:lkﬁU . -0 yp

& > > g
hoon " h. O&

E, , E, , B, =0, ,
h, on h, 0§ Magnetic type 9)

\s
H,=0, H,=0, H =k

where V satisfies (6”). We see that in this case, unlike the photon, the wave has
a longitudinal component and is not a transverse one.

Using, as for the photon above, the coordinates rand ¢, the solution to Equ-
ations (6”) for a symmetric wave is expressed using the Bessel functions J, (x)
and Ny(x) (x=kr)[2],

Jo(x)—>1 whenx >0, J, (x)~\/zcos(x—gj when x> 1,
X

No(x)a—zln[i] when x >0, N, (x)~ /isin(x—ﬁj when x> 1,
T rx ™ 4

where y =1.78--- is Euler’s constant.

Imagining, we can propose that using such particles, which we give the name
“fluctons”, we can facilitate instant communication on arbitrary distances (Ze.
v —0) and in their application to jet engines achieve arbitrary velocities. This

may pave the path for reaching the farthest corners of the Universe.
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