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The Dira equation
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for a partile of harge q and mass m in the external eletromagneti �eld with potential A
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in Quantym Chromodynamis (QCD), where t

a

, a = 1; 2:::8 are the generators of the SU(3) group,
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and f (up, down, strange, harm, top, bottom) are the �avour labels of the quark �elds  
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; A
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are

the potentials of the gluon �eld, t

a

are 3� 3-matries (olor labels),  

f

are olor bispinor and f
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are the struture fators of the SU(3) group; 
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are the Dira matries. Equation (2) is generated

by the partile (quark) lagrangian whih, with usual onventions, an be written as

L

q

=  

f

[i

�

(~�

�

� igqt

a

A

a

�

)�m

f



2

℄ 

f

: (4)

We note the hange of sign of the g-term with respet to the Dira equation, as well as the presene

of the harge fator q in the g-term, where �q is set equal with the eletron harge �e. The gluon

lagrangian reads
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where G

a
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are the gluon �elds. The variation of the ation with respet to the potentials A
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leads

to the �eld equations
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an be viewed as a density of urrent j
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where summation over a is inluded and the �avor label is left aside. Now we use
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where �
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In the non-relativisti limit we get
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here we use the identity �
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This is the analogue of the Pauli equation for strong interations, where we an see a "magneti"

�eld urlA

a

, another "magneti" �eld � A
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and the quark spin �
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� . The last term in

equation (12) an be omitted within the present approximation, sine it is of seond order in

powers of 1=.

We de�ne the urrent density
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and get the harge density
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in the non-relativisti limit. For the urrent density
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in the non-relativisti limit we use � given by equation (11) and the identity given above for �
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Equation (6) beomes
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with summation over all the �avours in the urrent density; or
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We are interested in the non-relativisti limit of this equation (!1). We get
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where
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In the limit g � 1 we should have (A
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a = 1; 2:::7. This makes 28 onditions for 32 unknowns. Consequently, we keep only one label a

and rewrite the whole theory as
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This is eletromagnetism with olor harges ( t , and �avour harges), whih have no e�et at

this level. We have, in e�et, G
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where we have imposed the Lorenz gauge. In the non-relativisti limit we may take A = 0 and
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It is easy to see that the system governed by these equations is unstable. Indeed,
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as expeted from a self-interation.
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