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Abstract:
We consider the problem of non-adiabatic passage of an oriented spin through an inhomogeneous
magnetic field. Differential equations for the spin state amplitudes for an arbitrary magnetic field are
derived for the two cases of spin 1/2 and spin 1. The field is shown to be completely characterized by a
single parameter called the adiabaticity parameter α The adiabaticity parameter is the ratio of the field
magnitude to the field rotation rate. By means of a pedagogical example, a criterion for defining
regions of adiabaticity (no spin flips) and non-adiabaticity (spin flips) is developed.

Using this criterion, we define transition lengths for regions where transitions occur.

We solve the amplitude equations for a simple type of magnetic field and calculate the spin flip
probability. The field is assumed constant everywhere except in a small region where the axial
component goes linearly through zero, reversing its direction. We constructed a magnetic field that
closely approximates the above field. By using the F = 1 hyperfine states in the 2S 1/2 level of atomic
hydrogen, we confirm the theory by comparison with experiment.

From the experimentally verified theory; we propose a novel method of producing a beam of
metastable (2S 1/2) atomic hydrogen polarized completely in the F = 1, mf = 0 hyperfine state. 
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