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Atomic Sea~ Light Sources Applied to the Structure
of the Magnesium I Resonance Line

RUSSELL A. FISHER
Northwestern University, Zvanston, Illinois

HIS paper is concerned with a comparison
of two methods for the excitation of atomic

beams but will make particular reference to the
isotope structure of certain ultraviolet lines of
magnesium which have been observed by means
of these sources.

Several years ago Esclangon' described the
production of a luminous atomic beam by means
of the establishment of a high frequency elec-
trodeless ring discharge in residual argon gas in
the chamber with the atomic beam. A spectro-
scopic source employing this principle was subse-
quently constructed by B.Carpenter and myself.
This source was used to excite lines of several of
the more easily volatilized metals including
sodium' and magnesium. ' Figure j. represents this
source in the form used for the study of the
ultraviolet lines of magnesium. The source tube
is constructed of glass. The lower part of the
tube, which contains the oven, is separated from
the upper chamber, where the atomic beam is
excited, by a spun aluminum diaphragm at whose
center is the collimating aperture. The collimating
aperture is 1)&2 mm' in this arrangement and is 4
cm above the oven. The part of the tube above
the diaphragm contains argon at such a pressure
that the atomic mean free path is several centi-
meters, thus permitting the atomic beam to
reach the cooled target without appreciable
scattering. An electrodeless ring discharge is
maintained in argon at this pressure by means of
electrical oscillations of 30 megacycles per second
in the coil surrounding the tube, the driver being
a 200-watt vacuum-tube oscillator. The argon is
maintained at the critical pressure required in
the upper part of the tube by being "bled" in
through a capillary at a controlled rate. The
lower chamber of the tube is exhausted con-
tinuously by a fast diffusion pump, the gas from
the upper chamber passing to the lower only by
way of the colHmating aperture.

' Esclangon, Ann. de physique 1, 268 (f934).' R. A. Fisher and B. Carpenter, Phys. Rev. 4%A, 417
(i936).' R. A. Fisher, Phys. Rev. 51A, 382 (1937).

This source was of such intensity that it gave
the resonance lines of sodium and magnesium in
exposures of one minute through an f:25 optical
system including a Fabry-Perot interferometer.
The resonance lines of Mg II were obtainable in
10 minutes under similar conditions. Micro-
photometer traces of lines from this source indi-
cate a half-intensity width of approximately
0.015 cm—' in the favorable case of the sharp
components of the sodium D lines as resolved by
the Fabry-Perot interferometer. Excitation of
the atoms of the beam is undoubtedly due pri-
marily to semi-random impacts by electrons
produced in the discharge.

The structure of the Mg I resonance line at
2852A as revealed by this source indicated a
principle component accompanied by a faint
satellite which was measured to be 0.066 cm —' on
the higher frequency side of the principal com-
ponent. The Mg II resonance lines at 2795 and
2802A showed identical structure, a satelIite at
0.098 cm ' on the higher frequency side of the
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FIG. 1. Atomic beam source with electrodeless
discharge excitation.
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ATOMIC BEAN LIGHT SOURCES
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Fro. 3. Electron gun for atomic beam source.
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Ft|".4. Isotope hne structure of Mg I X2852 obtained with
Fabry-Perot interferometer with 48.76-mm spacer.

and 0.053 cm ', respectively, on the side of
higher frequency. This is in agreement with
neither the structure obtained with the discharge-
excited atomic beam nor that obtained in ab-
sorption by Jackson and Kuhn. There is good
reason to believe that the new source shows the
true structure of the line and that the earlier
results were distorted by absorption effects.

A comparison of the two methods for excitation
of atomic beams based upon the performance of
the two sources described here indicates that the

~ To be discussed in more detail in a forthcoming note
in The I'hyskel R~ne.

J. P. Vinti, Phys. Rev. 56, 1120 (1939).

electron beam method gives lines which are ap-
proximately five times sharper than those pro-
duced by the ring discharge. The discharge
excited source is, however, twenty to thirty
times more intense, for an atomic beam of
comparable density. It would seem that because
of its intensity this type of source may have use
in cases where a line width of 0.02 cm ' may be
tolerated.

The significance of the newly observed isotope
separations of the Mg resonance lines from the
point of view of the theory of isotope fine struc-
ture will not be discussed in detail here. ~ It may
be remarked, however, that calculations by
Vinti' on the expected isotope structure of Mg I
lines are in much closer agreement with the new
measurements than with the data then available.
Certain conclusions reached by Vinti based upon
the then existing data are now subject to con-
siderable revision.








