Quantum Fields—from the Hubble to the Planck Scale Selected Solutions

8.4 g,-factor of the electron.

Squaring the Dirac equation and using ic*” D, D, = 10#[D,,, D,| = £6"* F,,,, gives

(D +m) (i — m) = —(DP +m2)b = — <DMD“ . gawF‘“’ + m2) b =0. (182)

Comparing to the Klein-Gordon equation, we see that the spin of the electron leads to the
additional interaction term o, F'*”. Consider now a homogeneous magnetic field B = Be_ or
Fi3 = B. We choose the gauge A, = (0, —%BmQ, %Bml,()). Moreover we consider weak fields,
neglecting quadratic terms in A. Then

D2~ V2 —ie(0; A + A;0;) = V2 — 2ieA;0; = V2 — 2%3(90162 — 220,) = V2 - BL.

(Since D2~2¢, we applied the product rule in the second step.)
k

In the Dirac basis, a non-relativistic electron is ¢ = (;’z) o~ (‘g) With ¢¥ = Eijk("o (,9“ ) it is

e

2U“"FW = 303(}712 —Fy) = ec®B. = 2esB.
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Combined we find Hiy, = (L + 2s)eB, i.e. the g5 = 2 factor of the electron
This was the first crucial test that the Dirac equation describes correctly electrons.
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