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LETTER TO THE EDITOR 

Infinite conductivity in general relativistic 
magnetohydrodynamics 

D P MASON 
Department of Applied Mathematics, University of The Witwatersrand, 
Johannesburg, South Africa 

MS received 26 May 1972, in revised form 17 July 1972 

Abstract. It is pointed out that in general relativistic magnetohydrodynamics Ohm’s 
law does not determine the current density J a  in the limit of infinite conductivity, 
but that it is determined by the electromagnetic field equation as in nonrelativistic 
magnetohydrodynamics. It is also shown that the relation 2w.H = E derived by 
Yodzis assuming Ja = eua for infinite conductivity, can also be obtained by a modified 
argument if the above view is taken. 

In an interesting paper on relativistic magnetohydrodynamics, Yodzis (1971) has 
shown, among other things, that the proper charge density E of a conducting fluid is 
related, in the limit of infinite conductivity, to the magnetic field H a  and the local 
angular velocity ma of the fluid by 

E = 2w.H. (1) 

In the derivation of this result, Yodzis assumed that the relativistic version of Ohm’s 
law 

(Yodzis’s notation will be used throughout this letter) is, in the limit of infinite con- 
ductivity, 

This assumption does not correspond to the limiting procedure in nonrelativistic 
magnetogydrodynamics (Hughes and Young 1966 or Roberts 1967). All that can be 
said as (r tends to infinity is that Ea must tend to zero in order to keep Ja-eua finite, 
but not necessarily zero. As in the nonrelativistic case, Ohm’s law does not determine 
J a  in this limit. It is determined by the electromagnetic field equations. 

The purpose of this communication is to point out that equation (1) can still be 
established assuming only that Ea tends to zero as Q tends to infinity, rather than 
Yodzis’s more restricting assumption. Contrast Yodzis’s equation (9) 

J a  = E U ~ +  oEa (2) 

J a  = cua. (3) 

Ua~bDb+UaDblb-Ub~bDa-Ub~a~b-~abcd(UclbHd+U,~~lb) = € U a +  QEa (4) 

with U,. This equation is valid for finite conductivity. Using obvious identities this 
contraction gives 

Dblb-aaDa+2w.H = E ( 5 )  

where a, = Ualb ub is the acceleration of the fluid element. The term aEa drops out in 
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the contraction. Now take the limit of infinite conductivity. As Da = hEa and Ea = 0 
in this limit, (5) simplifies to (1) as claimed. Equation (5) is of interest in its own right. 

The author would like to thank Dr Ehlers and Dr Yodzis for a correction in the 
original typescript. 
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