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Einstein-Maxwell Equations

G(g) = F·F + *F ·*F

dF = 0 = d*F

g :  Electrovacuum Metric	

F :  Electromagnetic 2-form
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Null EM field   ⇔   Differential Rainich conditions fail
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What geometry describes null electrovacua?
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What geometry describes null electrovacua?

Jordan and Kundt (1961), Geroch (1966), Ludwig (1970)

Null EM field   ⇔   Differential Rainich conditions fail
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Theorem:  Geometric Characterization of Null Electrovacua
C. G.Torre	
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• Ricci tensor is null:  R·R = 0,   R = k ⊗ k,   k·k = 0.

• k generates a shear-free, null, geodesic congruence (cf. Robinson, 1961).                       
(Algebraically special!)

• If twist(k) ≠ 0 ⟹  two 5th-order conditions on the geometry.

• If twist(k) = 0  ⟹  one 4th-order condition on the geometry.

For example, in the twist-free case :

(Newman-Penrose formalism)
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5th-order conditions in the twisting case
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•     Twist ≠ 0  - one free parameter	


• Twist = 0  - one free function	
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