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The possibility of obtaining spiral (polarized

parallel or antiparallel to their momentum)

electrons by means of an inhomogeneous magnetic field is investigated theoretically. The
correlation between the spin and the momentum is calculated in the nonrelativistic limit.
It is shown that electrons in passing through an inhomogeneous magnetic field with a gradi-

ent along the lines of force acquire a certain

SEVERAL methods of obtaining polarized elec-
trons J and several methods for measuring their
polarization 2] aye known. We shall discuss here
the possibility of obtaining spiral electrons (i.e.,
electrons polarized parallel or antiparallel to the
direction of their motion) by means of an inhomo-
geneous magnetic field. The method under con-
sideration may turn out to be effective at low
electron velocities v < ¢ (c is the velocity of
light). Therefore we shall consider the problem
of the correlation of the momentum and the spin
of the electron in an homogeneous magnetic field
in the nonrelativistic limit. For this purpose we
write the Hamiltonian for the problem under con-
sideration in the following form

2 eh
H = %m 8 ome oH (z),

n=tvV_lA@), g=14+4 (1)

(a is the fine structure constant), where

div H= 0 and we are considering the region in
which curl H = 0. Heisenberg’s equations for the
momentum and for the spin give us

eh
2me

= — o [%,%) =2 [sH] + g 5o (sV) H,

¢ =——Io, #] = g [sH]. (2)*
In future we. shall be interested in the correla-
tion between the spin and the momentum op
= ¢ ', where the operator h is defined in the
following manner:

n — <p.8l=[p.5>

where | p, £) is the quantum mechanical state of
the electron of momentum p and spin §:
p={m), £ = (o), while the operator == V2,
The expression (3) for n is written taking into
account the fact that the spin and the momentum

¥aHl =7 x H, (V) =0- V.

longitudinal polarization.

taken at any given instant of time are not corre-
lated.

Having in mind the definition (3) and the equa-
tions (2) we can easily obtain the equation D for

‘En": <O'n>!

fn = (g — 1) [HnlE g0

2mce

P (V) — (n§) (nV)} (HE)
(4)

(n is the unit vector in the direction of the mo-

mentum p). We note that Eq. (4) is nonlinear

with respect to §.

We now estimate the order of magnitude of the
quantities appearing in (4). The characteristic
frequencies w; = aeH/2mmec and w,
= eh | VH |/2m?%?8 (B8 = v/c) under the condition
that H ~ 10° oe, | VH | ~ 10° oe/cm, and
B ~ 107% (at the same time Ry, | VH |/H < 1, Ry,
is the Larmor radius of the electron) are of the
order of magnitude w, ~ 10? sec™! and w, ~ 10°
sec“, i.e., wyg > wy.

We can average (5) over the time interval
t > wi!, utilizing for this the method of averaging
over the rapidly rotating phase Bl Asin [3], the
quantities with the indices Il and 1 are the com-
ponents of the corresponding quantities along the
direction of the field H(x) and perpendicular to
the field. We have then

E=E;% + &, (v, cos P -+ x,sin p),

P = py% + pL (%, 008 a + %, sina),
where Tg=H/H=T{X Ty, TI=TyX Ty, Ty =T
X 7, B~ gwyt, and @ ~ wyt (wy = eH/mc).
From (2) we can obtain equations for £, £ and
Pls PL*

DThis equation can be obtained also by a classical anal-
ysis of the motion of a particle with an intrinsic angular mo-
mentum in an inhomogeneous magnetic field.
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1= — Er{m cos Blpym iV, 1,

+ pyim™ (Va, %5 cos o+ Vg sina)] 4 1, sin

X [pym Ve 2y + pym™ (Vo5 08 at-Vo,5, sin a)l},
EL = — &y {xcos BlpmVq,

+ pim (Vomg o 08+ Ve %, sin a)] 4 %, sin

X [pym Vet + pym™ [Vo 1, cos a+Ve3, sin a)l},

(5)

[Vr=(7-V)] while the equations for p) and p|

can be left in the form [
: b pyp
Py = '2:_1L—1, dive, + —"m—l {%1 (Vz,%0) c0s & =+ %2 (Vo %) sin a}

pZ
+ S {51 (Va,70) — %2 (Ve,10)} cos 20t
2
. .
T o {71 (Ve %) + 72 (V+,%0)} sin 2a,
PP .
P, = "2ml div %o

P P
— %1 (Vg,%0) cosa — T”':z (V%) sin a

PyPy
2m

{71 (V%) — %2 (Ve,%0)} cos 20

_ PPy
2m

{71 (V%) + %2(V<,%0)} sin2a (6)

(here the equations for p|; and p; are given with

an accuracy up to terms of zero order in h 2)).
First of all, as a result of averaging over

t » wj! Egs. (5) yield

g, =0 & =0 (7)

On averaging (4) [in doing this it is necessary to
utilize relations (5), (6) and (7)] we obtain

— h -, - p—

= o £) (P1/P°) V< H, ®)
where the bar over a letter indicates quantities
averaged over the period wil.

Integration of (8) yields

t
B =B ar' G2 /%) (V) H + 50 ©)

0

DThe neglected terms lead to a small correction ~H? to
the correlation between spin and momentum.
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(p is the magnetic moment of the electron).
Averaging (9) over the beam under the condition
that initially the beam of electrons was unpolar-
ized, and all the electrons of the beam had the
same momentum, leads to the expression

t

&) =51\ GUP) (V) Har;

0
here (Z,) is the longitudinal polarization of the
electron beam.

Thus, we see that an electron beam in passing
through an inhomogeneous magnetic field with a
gradient along the lines of force acquires a cer-
tain longitudinal polarization. The time during
which the quantity (10) becomes of the order of
magnitude of unity is itself of the order of magni-
tude of the quantity T = 31_)3/131 | VH | ~ 107% sec,
and during this time the electrons must traverse
a distance L = cBT ~ 10% cm.

We also note that the polarization properties
of the beam are not altered when the electrons
are accelerated in systems without a magnetic
field. In our case, in virtue of the well-known
relation o = vs0 ) which is valid at high energies,
electrons accelerated to high energies remain
spiral.
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