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The solutions to the Dirac equation consist of a 4-element column spinor

and a spacetime component:
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For a particle at rest (p = 0, E = m), or for a particle moving in the
z direction, all four solutions are eigenstates of the spin operator Σz, with
eigenvalues (spins) of ±1

2 . If the particle is moving in the x or y direction,
the individual spinors above aren’t eigenstates of any of the spin operators.
As the speed of the particle approaches c, however, we can get some eigen-
states of Σx and Σy.

First, suppose the particle is moving in the x direction at a speed ap-
proaching c, with any motion in the y and z directions much smaller by
comparison. In this case, E→ p1→ ∞ and the spinor components (which
we’ll call s(n) for n= 1, . . . ,4) of the solutions above become
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Multiplying Σx into s(1)+s(2), we get
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Similarly
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Thus the sums u1 +u2 and v1 +v2 are both eigenstates of Σx with eigen-
value 1

2 .
Now suppose the particle is moving in the y direction with vy→ 1 so that

E→ p2→ ∞. The four spinors now become
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In this case
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Thus the sums u1 +v2 and v1 +u2 are both eigenstates of Σy with eigen-
value 1

2 . [As the uj spinors are supposed to represent particles and the vj
antiparticles, I’m not sure what a mixture of the two is supposed to repre-
sent.]


