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POLARIZATION OF LIGHT EMITTED FROM THE EXCITATION OF Hm BY ELECTRON IMPACT*
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During the last few years several experimen-
tal investigations' have been made on the po-
larization of atomic line radiation excited by
electron impact. We report for the first time
the measurement of the polarization of molec-
ular line radiation excited by electrons in a
single collision process. This observation
of polarization affords a convenient experimen-
tal technique for the study of the fine and hy-
perfine structure in short-lived molecular states.

The orthohydrogen emission line at A. = 6226
0

A, corresponding to the first rotational Q-branch
transition from the 'lIn (1s3P)-'&g (&s2s) elec-
tronic states, was excited in a gas-filled tube
by a cylindrical electron beam. Over 30 lines
were observed by scanning the spectral region
around 6200 A and were assigned to the IIu

band system. ' For polarization measure-g
ments, the transition at 6226 A was chosen
since it could easily be isolated from neighbor-
ing lines by means of an interference filter
with a full bandwidth of 8 A.

The experimental technique is similar to that
used for the excitation of atoms by electron
impact, and the schematic of the apparatus
is shown in Fig. 1. The electron gun consist-
ed of an oxide-coated cathode, two gold-plat-
ed accelerating grids, a field-free interaction
region, and an anode. The current collected

at the anode was usually from 1 to 1.0 pA, and
constant anode current was maintained during
a sweep of the electron energy by means of
a Kepco operational amplifier between the plate
and the first accelerating grid. A magnetic
field of at least 50 G parallel to the direction
of the electron beam was used in order to avoid
surface charge effects due to the walls of the
surrounding glass tube. The system was con-
tinuously pumped, and typical pressures were
approximately 1 p. .

The intensity of radiation from the interac-
tion region polarized in a direction parallel,
JII, and perpendicular, I&, to the electron beam
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FIG. l. Schematic diagram of experimental apparatus.
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was measured as a function of the electron
energy. The emitted light was first passed
through the interference filter, then through
a polaroid rotating at 57 Hz, and finally into
a photomultiplier. The dc signal from the pho-
tomultiplier, proportional to III+I&, was mea-
sured with a vacuum-tube voltmeter, and the
ac signal, proportional to I&-III, was simul-
taneously observed as the output of a 57-Hz
phase detector. The detection system, i.e.,
the phase detector versus vacuum-tube volt-
meter, was calibrated at the beginning and
end of each sweep of the electron energy by
inserting polaroid sheets into the path of the
light beam, thereby allowing only Iz or III ra-
diation to be detected. Polarization measure-
ments at various values of the electron ener-
gy made with the rotating polaroid were in agree-
ment with those obtained by manual rotation
of the polaroid.

The following points substantiate the view
that the polarization of light was due to molec-
ular radiation from H2 and not due to an instru-
mental effect.

(1) The observed polarization of light decreased
with increasing electron energy. The authors
believe that their results on polarization are
correct within the limits of electron beam res-
olution, which, of course, excludes great de-
tail on threshold behavior but gives a correct
over-all result.

(2) The background radiation, where there
was no emission line by appropriate rotation
of the filter and at 6226 A below 14 eV, was
polarized with Iz greater than III and was in-
dependent of electron energy. The signal at
6226 A above threshold showed an increase
of II over Iz

(3 The angular aperture of the apparatus
was less than 6'; consequently, angular cor-
rections to the observed polarization would
be small.

(4) The contribution of the intensity of neigh-
boring lines at 6226 A was approximately 12 1o

of the total signal, but by rotation of the filter
to shorter wavelengths it was possible to re-
duce this contribution to less than 1'%%uo and still
observe the 6226-A line. The polarization of
the observed signal was independent of the fil-
ter's position within 1 '.

(5) Several electron guns of different geom-
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FIG. 2. Excitation and polarization curves.
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etry were used, employing various collecting
grids, and again there was no difference in
the observed polarization at the particular pres-
sure range studied.

Polarization and excitation curves, correct-
ed for background, for the line at 6226 A are
shown in Fig. 2. An excitation threshold of
approximately 14.7 eV was observed which
is about 0.3 eV above the experimental spec-
troscopic values. The intensity of the excit-
ed hydrogen line was proportional to the gas
pressure as well as to the electron beam cur-
rent. A maximum polarization of about 8%
is observed just above threshold, and the po-
larization decreases continuously as the elec-
tron energy is increased.

A more detailed description of the experimen-
tal apparatus, additional information on the
pressure dependency, and theoretical calcu-
lations of the polarization will be published
shortly.

The authors are indebted to Mr. Thomas
Lucatorto for many helpful discussions.
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