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The relativistic formulation of Hide's "magnetic analogue" 
of Ertel's potential vorticity theorem is Dirac's "new classical 
theory of electrons". 
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Dirac's "new classical theory of electrons" [1, 2] 
describes the relativistic hydrodynamics of conduct ive 
media with an " O h m law" 

« " = — ( ^ - ^ S ) , in, v = 0 , 1 , 2 , 3). (1) 
mc 

dx" 
In (1), uß = is the four-dimensional velocity, d t 

dr 
the differential of the proper time, A'' the four-dimen-
sional electro-magnetic vector potential , and S a 
gauge function. gßV means the metrical Minkowski 
tensor, and e and m are the charge and the rest mass 
of an electron, respectively. 

According to (1), the norm of the velocity is 
(2) 

means [ 3 - 5 ] 

-c2=u u"= 2 2 M mc 
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where = u' o ; <P. 

d T ' d 
Because of the identity — d x * = w/ 0 ; dx3< one can 

dr 
write (4), with the help of the Car tan exterior differen-
tial [6] 

[dx* a d x ^ ] = — [dx^ a dx*], 

like a relativistic formulat ion of Ertel's vorticity theo-
rem [7]; see also [8] 

( o U d x " a dx1]) = 26v ^ [dx" a dx v ] . (5) 
d r d t 

By the Car tan-Stokes integral theorem, (5) yields 
the circulation theorem [6] 

— f co,(V[dx" a dx1] = 2 dx" 
d i c2 c, d t 

(6) 

The tensor of the four-dimensional ro ta t ion is 

(3) 
e e 

« V = 0v % ~ "v = — (Ö» A - = ^v = - Q>v„ , mc mc 

where FßV is the anti-symmetric Maxwell ian tensor of 
the electro-magnetic field. 

The four-dimensional relativistic generalization of 
Helmholtz ' theorem of the conservat ion of vorticity 

(with C j = 0 C 2 ) . 
According to Poincare 's rules of exterior differentia-

tion, (5, 6) with Dirac 's law (1) yield an analogous 
equat ion for the electromagnetic field strength 
F v = dvAfl — 0^v4v, namely the non-holonomic ex-
pression 

(F [A» a ,4']) = 20V ^ [A' A Av], (7) 
d r dr 

together with a circulation theorem of the electromag-
netic field 

A J F u v , [ d x " A d x v ] = 2 § ^ d x " 
d r c2 c, d i 

according to the holonomic equat ions 

(8) 

A (F [dx'' a dx1]) = 20v ^ [dx" a dx v ] . (9) 
d r dr 

These equat ions are a relativistic generalization of 
Hide's magnetic analogue [9, 10] of Ertel 's vorticity 
theorem. The relativistic point of view generalizes the 
"magnet ic analogue" of Hide to an "electro-magnetic" 
analogue. 
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