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Comment on “Stern-Gerlach Effect
for Electron Beams”

Batelaanet al. [1] have reexamined the classic Bohr/
Pauli edict [2] about the possibility of separating electron
spins in a beam with an inhomogeneous magnetic field.
The authors simulated the trajectories for a longitudinally
polarized electron beam incident perpendicular to two par-
allel wires carrying opposite currents. The electrons’ ini-
tial spatial and velocity distributions were chosen to have 0 o 200
a Heisenberg uncertainty product close to the quantum Av_ [m/s]
limit z/2. We point out the following: (1) Although z
we agree that the Bohr/Pauli edict is incorrect in princi-FIG. 1. The degree of final resolutidR (defined in the text)
ple, contrary to the authors’ conclusion a practical spirgs a function of the initial velocity width; all parameters as in
filter device is not feasible; (2) extension of their investi- Ref- [1]-
gation to more practical conditions shows no splitting; anqequiresz = 13 m/sec, or a longitudinal energy spread
(3) also in contrast to their assertion, transverse splittingf 10-5 eV. An energy spread around)~3 eV corre-
is indeed possible for a suitable field configuration. sponds tAv, =~ 10°> m/s and no splitingR =~ 0.01).

First, we note that the initial values of; and Av. Third, the authors dismiss the notion of transverse
chosen (0° and1.7 m/s, _respectlvely; IarS_Jer for the case splitting in a Stern-Gerlach field altogether, true to the
of Landau states, assuming they are applicable) corresporgliginal Bohr/Pauli edict [2]. In fact, for a unidirectional
to a longitudinal energy spread o ¢ eV. The authors fielq given byB = By(0,0,x), a somewhat simpler Stern-
assume the same velocity varianke,, in the transverse Gerlach-like field, transverse splitting is indeed possible
directions, yielding a transverse energy spread of onlynger the same restrictions as for longitudinal splitting:
107" eV, or an effective temperature near K. The  namely, that the initial uncertainty product must be very
initial velocity spread inherent in any beam source ofnear the quantum limit. [4]
reasonable current is several orders of magnitude [3] larger |n essence, it appears that the original Bohr/Pauli edict
than this value. If, as the authors suggest, the “low energyhile incorrect in full generality as the authors pointed
tail” of a beam were used to reduce the initial longitudinalgyt by their counterexample, yields the correct conclusion
velocity spread, and strict collimation were used to reducen practice, at least for beams: splitting is realized only
the transverse velocity spread, essentially useless outpijth infeasible initial conditions, while achievable initial
“beams” would be realized. Furthermore, these inputonditions yield no splitting.
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with larger values of velocity spread, and the results are (Springer, Berlin, 1958), Vol. 1.

shown in Fig. 1. As expecte®is inversely proportional 3] M. Reiser, Theory and Design of Charged Particle Beams

Spin separation R
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to Av,. For comparison we show in the inset two (Wiley, New York, 1994).
distributions for whichR = 1. The distributions are [4] G.H. Rutherford and R. Grobe, J. Phys. A (to be
separated but still overlapping. Note that= 1 would published)
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