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Introduction. In work/1/, Dirac showed that in classical electrodynamics, it is practically always 
possible, using a suitable gauge transform, to pass to a new 4-potential of the electromagnetic 
field whose direction in each point will coincide with the direction of motion of a trial charge. In 
the context of quantum mechanics, this conclusion found a more adequate formulation in work 
by Schrödinger/2/, who considered equations of motion for interacting complex scalar and 
electromagnetic fields (in what follows, we shall follow book/3/ in choice of notation): 
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It was noted in work/2/ that it is possible, using a gauge transform of the scalar and 
electromagnetic fields, to pass from equations (1) and (3) for nA  and Ψ  to equations for nB  and 

ϕ , where ϕ  is a real field: 
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Therewith, the currents nj  in equations (3) and (5) coincide, and in equation (2), nA  is replaced 

with nB . Thus, the vast area of phenomena described by equations (1-3) may be described using 

the real field ϕ  and the potential of electromagnetic field nB , which is codirectional with the 4-

vector of probability current density nJ . As was emphasized in/2/, this fact testifies that to 

describe charged particles it is not necessary to introduce a complex field (or two real fields 
corresponding to the real and the imaginary part of a complex field). The results of work/2/ 
suggest that spin 1/2 charged particles may be described using real spinors/4/ (Majorana 
spinors/5/) only. Such suggestion was made, e.g., in work/6/ (see, however, /7/). As is known, 
Majorana spinors are widely used to describe a massive spin 1/2 particle in connection with the 
mass of neutrino and neutrino oscillations/8,9/, as well as in supersymmetric models of quantum 
field theory/10,11/. It should be noted that in this work non-quantized fields are considered, and 
therewith, in contrast with works/10,11/, components of Majorana spinors are c -spinors, and not 
anti-commuting elements of Grassman algebra. Therefore, e.g., the zeroth component of the 
current vector vanishes for a zero spinor only. 
 
The system of interacting electromagnetic and Majorana fields. Let us consider a system of 
equation of motion for interacting spinor and electromagnetic fields: 
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It is only possible to pass from the given spinor Ψ  to a Majorana spinor, using a gauge 
transform, by analogy with work/2/, if the axial-vector current ΨΨ 5γγ n  vanishes. Therefore let 
us seek such solutions only that Ψ  is a Majorana spinor. Then equation (6) is equivalent to the 
following equalities: 
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The fact that the spinor Ψ  satisfies the free Dirac equation (9) does not mean that there is no 
interaction with electromagnetic field, as by far not all solutions of the free Dirac equation 
satisfy the constraint condition (10). 
The system of equations (7-10) is overdetermined, but, as proven in work/12/, has nontrivial 
solutions. If the vectors nA  and nj  do not vanish, then (10) is equivalent to/12/ 
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and, therefore, the probability current and the potential are codirectional, which is in accordance 
with the conclusions of works/1,2/. As for a Majorana spinor 0=n

n jj , (11) implies 
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(12) may be regarded as a gauge condition. A somewhat more general condition constAA n
n =  

was considered in works/1,13,14/. 
(9) and (10) imply 
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and, therefore, the derivative in the direction nA  in a given point may be determined if only the 
value of Ψ  in this point is known, and as the directions of the vectors of current and potential 
coincide, it is sufficient to know the value of Ψ  in a given point to determine values of Ψ  on 
the entire line of current passing through the given point. 
 
Discussion. The system of equations of classical spinor electrodynamics (6-8), under the 
assumption that the spinor Ψ  in equation (6) is a Majorana one, is thus equivalent to the 
following system: 
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Equations of motion (14) correspond to the minimum of action for the Lagrangian of free 
electromagnetic field under condition (15) (λ  is a Lagrange multiplier)/1/, therefore, equations 
(14,15) describe independent propagation of electromagnetic field. Following work/15/, one can 
associate with a Majorana spinor satisfying equations (16,17) an ensemble of point particles with 
space density ΨΨ 0γ  moving along the lines of current (these properties will hold with time). 
One may assume that each particle from the ensemble is described by the spinor Ψ  in a given 
point and moves independently in the field of the potential nA  in accordance with equation (13). 
The idea of such motion does not contradict the uncertainty principle as the instantaneous 
velocity of motion equals the velocity of light ( 0== n

n
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infinite energy and momentum and, therefore, to their complete uncertainty. Again, the lightlike 
instantaneous velocity is related to the well-known zitterbewegung/16, p.342/, which is described by 
the Dirac equation. For example, for every solution of the Dirac equation with well-defined 
values of momentum and spin projection on the direction of momentum there exist 
corresponding Majorana spinors whose lines of current are spirals with the axis parallel to the 



momentum and the radius of the order of the Compton wavelength (cf./7/ and also/17,18/), 
which corresponds to motion with an instantaneous velocity equal to the velocity of light and 
average velocity connected with the momentum by the classical relation. 
The role of the quantum potentials of work/15/, whose physical meaning is not clear, is played in 
the outlined scheme by the 4-potential of electromagnetic field. 
The use of Majorana spinors only does not mean departing from the description of antiparticles 
along with particles, as charge density for the Dirac equation is positive definite, and positrons 
do not correspond to states with negative energies, but to holes in the distribution of such 
states/16, p.359/. Therefore, one may assume that a Majorana spinor that is a solution of the Dirac 
equation simultaneously describes both an electron (as a particle above the background) and a 
positron (as the absence in the background of a particle in this state). 
The limitation to Majorana spinors fixes the gauge condition (14) in the system (14-17). The 
equivalent gauge-invariant equations may be obtained by selecting not just Majorana solutions 
odf the system (6-8), but all solutions with vanishing axial-vector current (such solution may be 
reduced to Majorana ones by a gauge transform). 
To establish the validity of equations (14-17) for description of the electron, it is necessary to 
resolve the following questions: is the set of potentials satisfying equations (14,15) rich enough? 
Do all such potentials have at least one Majorana spinor satisfying equations (16-17)? A positive 
reply to the first question (if the zero in the right-hand side of (15) is replaced with a small 
constant) was given in work/1/. A comparison with the results of work/2/ suggests that the second 
question can also be answered in the affirmative, but a more rigorous treatment of this question 
is necessary. 
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