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Generalization of Dirac’s equation
[ (irco, — Be,A,) —a(mc” + )Y =0.

Y is a 12-component wave function,
[ =yl y; are elements of Dirac matrices,
1 is the unit 3x3 matrix,

€, Isproton’s charge, m is the mass of a nucleon,
A ,® are electromagnetic and nuclear potentials,

a, f are matrices of the quark structure of nucleons.



Main requirements

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

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

« 3) The matrices @ and £ should reflect the
guark structure of nucleons.



Main properties
Properties of matrices «,f:
o’ =1 aff=Pa, " =a, B =p.

Conservation equations:
0,(PIr'q¥)=0, ¥ =¥'T°,
qa=a0, 96 =0, 9" =0.



Matrices of quark structure

Quark matrices «,4 for nucleons:

(2 -3 5
a,=|-3 5 5| B, =a,
5 5 -3/
(-3 %3 -3
a, =a, B.=| 5 -3 -3|
"3 "3 3/




Quark currents

J"=e, YIT"BY are nucleon’s current densities.
0.J"=0, J"= ielJf”’,
=1
8J., are quark components of J",
6=5, 6,=5, 6,=—3 for protons,

6 =-3.6,=-3,6,=5 for neutrons.



Quark currents

Conservation equations for quark currents

oA (‘gl‘](r;)) =0, 'J(nl) - ep?r‘rl bt

101 011 010
P, =3/011 |+ 101, p,=]100
110 110 001

[634,d°x=Ge,.



Three normalization conditions

1 0 1)
[¥pwdix=1, p=%0 11|
110
0 1 1)
j\P*u\Pd?’x:O, u=110 1|,
110

¥Pdix = 3.
J



Generalized Pauli Equation

Representation of the wave function:

¥ = exp(—iamc’t/h)o.

Equations for nucleons:

170/t — Do — epﬁbﬂ)(%j = c(oP)(%],
@, Dy

[(2mc’ + D)o +i:0] ot — epﬁbﬂ)(%j = C(GF’)(QjL j
Dy D,



Generalized Pauli Equations

3-dimensional vectors o and p have the form
o =(0,,0,,0,), P=(P,P,,PR,),

o, are Pauli matrices, B, =-170, +e SA /cC.

Generalized correlation:

(oP)(oP) = P* —e nB(cH)/c,

H Is the vector of magnetic field strength,
P2 =|P[".



Generalized Pauli Equation

Nonrelativistic case

((ﬂsj: 1 a(aP)(%j.
0,) 2mc+d/c ®,

Equation for ¢, and ¢, :

(inolot—e,AB) f =Dof +

+oc(P2 —e ap(oH)/c) ¢ _(col)
2ml+@/2me®)] ' \e,)




Energy E of a nucleon

E =[] (mc®+ D)o +

a(P?—e nfB(cH)/c

-~ | fd°x.
2m[l+®/(2mc”)] |

Consequence of the normalization conditions

j ftofd’x =1.



Energy of a nucleon

The nucleon energy when |®| << 2mc?:

E=mc’+d, +

+21mj f*[1— ®/(2me?)][aP? — e haf(oH)/c] fdx.
D, = | frdafd®y,

®, is the mean value of the nucleon
nuclear potential.



Magnetic moments of nucleons

Magnetic part = of the nucleon energy:

E ey = _Zer;hcj f [(A—®/(2mc?)]eB(oH) fd°x.

Magnetic moment u of a nucleon:

ho
U L- @ f(2me?)]| o fd X,
2mc

ﬂ:

® is some mean value of .



Magnetic moments of nucleons

Magnetic moment x  of a proton:
f,=a, aff,=a’ =1,

B Beph
- 2me

K, [1- @, /(2mc?)].

Magnetic moment x, of a neutron:

aff. = —(213)1+ (1/3)u,

h .
== [L- @, /(2mc?)].
MC



Nucleon’s mass In its nuclear field

Energy of a nucleon at rest:

E=mc’+d,,
where m is its mass when the nuclear field
IS absent.

2 2 =N 2 2 =N
m.c*=mc+®; , mc°=mec”+ Dy,

m,,m, are the experimental masses of the proton
and neutron.



Magnetic moments of nucleons

Theoretical values:
wy = 3[L+ D, /(2m,c*)] kg
Hy =—2[1+ D, /(Zmpcz)]ﬂo’

Ho =€, l(2m ),

Experimental values:

exp _

My =219, py" =—=1.91p,



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.



