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In both high-intensity laser-matter interactions [1–3] and astrophysical environments with

very strong magnetic fields [4], it may be necessary to consider both relativistic effects and

the electron spin. To this end, a kinetic model was developed recently [5], based on the Foldy-

Wouthuysen transformation [6, 7] that separates positive and negative energy states of the Dirac

equation.

We show [8] that this model conserves electric charge, energy, linear momentum, and angular

momentum. In doing so, we find “hidden momentum” [9, 10], a general feature of systems

with magnetic moments. We also find that the stress-energy tensor is non-symmetric, common

to systems with spin angular momentum. We discuss the non-symmetry of the stress-energy

tensor, how to find a symmetric alternative; and touch on the Abraham-Minkowski dilemma.
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