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An E-H Gradient Spectrometer

By J. Eisinger, Bell Telephone Laboratories, Murray Hill, New Jersey,
B. Bederson, K. Rubin, and A. Salop, New York University

We shall in our remarks stress nuclear polarization though it will bc-
come evident that the instrument we will describe can be employed for
electronic polarization and hence atornic beam magnetic resonance e,\-
periments as well. As is well known a beam of atoms is split into (21 +1)
(2 / : 1) beams on passing through a magnetic field H with a gradient VH.
The deflecting force is /ierjXH where fieff, the effective magnetic moment
of the atom, is a function of H, the field in the particular region of the

gap traversed by the beam. When H < AWj2i.i0 III' is the zero field
hyperfine Splitting) and / =t= 0, atoms in different nuclear magnetic sub-
states (nij) liave different effective moments of the order of a fraction of

i(0. Such an inhomogeneous field is therefore in principle a means of pro-
ducing a polarized beam as has been pointed out by several Speakers
before nie. In practice the two main difficulties are 1) the deflected beam
has manv times the width of the original beam clue to the thermal velocity
distribution, and 2) only narrow beams can be used since {ueff is a function
of H and H necessarilv varies across the gap. These (and other) difficulties
can be overcome by applying an electric field E across the magnetic
polefaces which must of course be insulated from the magnet yoke. The
electric field therefore has a gradient XE (proportional to V//) and exerts
a deflecting force y.EXE on an atom with an atomic polarizability x. lyv
satisfying the balance condition iicrf(m,)XH y.EXE for anv particular
State mh a beam of atoms in that State suffers no deflection and hence uo
broadening on passing through the field. Moreover it can have finite
width since. the balance condition can be satisfied over a wide ränge of
H by choosing an H for which ueff is nearly proportional to H.

The balance condition in the intermediate field region can b i satisfied
for most atoms (e. g. alkalis) with fields whose gradients are of the same
orcler of magnitude commonly employed in atomic beam experiments
(i. e. XHjH XEjE ^ 3 cnr1) with values of E below the breakdown
field. For hydrogen whose polarizability is about fiftv times less than that
of alkalis the Situation is unfortunately less favorable and it may be

necessary to work in the low field region (firrf s: 0.1 //„) in order to satisfy
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the balance condition with feasible £-fields and still retain a favorable
geometry and the advantages offered by the li-H spectrometer. Althongh
it has not been tried it seems likely that the resolution of such a svstem
for hvdrogen atoms can be greatly increased by running the hydrogen
discharge at a low temperature.

An E-H gradient spectrometer has been built at New York University
and is being used to measure % of alkalis [1], Polarized beams with essen-

tially the same width as that of the original bearn width and their theo-
retical intensities have been obtained. This is illustrated in figure 1

where the bearn profile of a K39 beam with and without deflecting fields

rvj

O

X
Q_

<
Z

o
z
Q
<
IL)
er

er
o
h-
U
UJ

h
UJ

a

-1.0 -0.5 0 0.5 1.0

DETECTOR POSfTION IN MM

Figure 1

The beam profile of a K39 atomic beam at the cletector position with and without
applied E and H fields. VH/H \EjE 2.6 cm"1. Note that the beam width
with E and H applied is almost the same as the width of the unseparated beam

(E H 0).

is shown. Note that the H fielet by itself causes considerable broadening
of the deflected beams but that the effect of the simultaneous application
of the E and H fields is to re-establish the bearn width of the undeflected
beam.

We have confined our rentarks to dipole fields but it can readily be seen

that these ideas are applicable to higher multipole fields as well.
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