
A New Generalization of 
Dirac’s Equation for Nucleons

A. Rabinowitch
Moscow State University of Instrument 

Construction and Informatics



Generalization of Dirac’s equation
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is a 12-component wave function,
are elements of Dirac matrices,

is proton’s charge,      is the mass of a nucleon,
are electromagnetic and nuclear potentials,

are matrices of the quark structure of nucleons.
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Main requirements

• 1) Wave functions of a free nucleon should 
satisfy the Klein-Gordon equation

• 2) Charge conservation equations for nucleons 
and quarks should follow from the proposed 
equation.

• 3) The matrices      and     should reflect the 
quark structure of nucleons. 
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Main properties
Properties of matrices

Conservation equations:
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Matrices of quark structure

Quark matrices for nucleons:
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Quark currents
are nucleon’s current densities. 

are quark components of

for protons,

for neutrons.
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Quark currents

Conservation equations for quark currents
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Three normalization conditions
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Generalized Pauli Equation

Representation of the wave function:

Equations for nucleons:

.)/exp( 2 ϕα tmci−=Ψ

.)()/)2[(

,)()/

2

1

4

3
0

2

42

1
0

⎟
⎠

⎞
⎜
⎝

⎛
=⎟

⎠

⎞
⎜
⎝

⎛
−∂∂+Φ+

⎟
⎠

⎞
⎜
⎝

⎛
=⎟

⎠

⎞
⎜
⎝

⎛
−Φ−∂∂

ϕ
ϕ

σ
ϕ
ϕ

βα

ϕ
ϕ

σ
ϕ
ϕ

βα

P

P 3

cAetimc

cAeti

p

p



Generalized Pauli Equations

3-dimensional vectors and have the form

are Pauli matrices,
Generalized correlation:
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H is the vector of magnetic field strength, 
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Generalized Pauli Equation

Nonrelativistic case
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Energy of a nucleon
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Energy of a nucleon

The nucleon energy when

is the mean value of the nucleon 
nuclear potential.
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Magnetic moments of nucleons
Magnetic part of the nucleon energy:

Magnetic moment of a nucleon:
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Magnetic moments of nucleons

Magnetic moment of a proton:
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Nucleon’s mass in its nuclear field

Energy of a nucleon at rest:

where is its mass when the nuclear field
is absent.

are the experimental masses of the proton 
and neutron. 
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Magnetic moments of nucleons

Theoretical values:
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Conclusions

1) The found theoretical values of the anomalous
magnetic moments of nucleons are close
to their experimental values.

2) The obtained formulas for the current densities
of nucleons correspond to two u-quarks and
one d-quark for the proton and to one u-quark and
two d-quarks for the neutron.


