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The Zeeman Effect of the Hyper6ne Structure of Optically Excited Mercury
Resonance Radiation

E. HoaART Cor.x,rws*

Parsons CoOege, Fairgeld, Iona
(Received April 22, 1939)

Magnetic 6elds from 0 to 2000 gauss are applied to the mercury resonance line X2537A and the
Zeeman patterns for the hyper6ne structure determined, The results indicate close agreement
with the explanation of Schuler and Keyston. The Paschen-Back effects for the hyperfine
structure of the isotopes 199 and 201 are w'orked out and experimental evidence is ORered in

support of the hypothesis of Goudsmit and Bacher that the Zeeman effect for the hyperfine
structure may be treated in the same manner as the Zeeman effect for the one structure if the
appropriate change in quantum numbers is made.

INTRODUCTION

'F THE explanation of the hypcr6ne structure
of mercury resonance radiation, ) 2537A,

1'50—23P1, offered by Schuler and Keyston' is
accepted) ccl tain pfcdlctions can bc made Bs to
the expected polarization and also as to the be-
havior of the components in a magnetic 6eld.
Larrick and Heydenburg' have studied the
polarization and have also restated the explana-
tion of Schuler and Keyston. It is the purpose of

this paper to report on an investigation of the
effect of applying magnetic fields to optically
excited mercury resonance radiation. From the
view p01nt of hyperflnc structure thcsc 6clds
would be considered strong inasmuch as com-
plete overlapping of the components was ob-
tained. However, from the standpoint of fine
structure they are very weak fields. Optically
excited radiation was chosen because of the
necessity of using a source of light having the
smallest possible breadth of spectral line.
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*The investigations were performed during summer
appointments at The State University of Iowa, Iowa
City, Iowa.

' H. Schuler and J.E.Keyston, Naturwiss. 31,6'76 (1931).
2I-. Larrick and N. P. Heydenburg, Phys. Rev. 39, 289

(1932).

FIG. 1. Parallel and perpendicular splittings computed
on the basis of Schuler and Keyston's assignment of
quantum numbers and nuclear magnetic moments. .

—P
F&6. 2. Diagram of apparatus.

Figure 1' shows the parallel and perpendicular
splittings computed on the basis of Schuler and
Kcyston's assignment of quantum numbers and
nuclear magnetic moments. To calculate these
splittings one computes the Lande hyperfine
structure factor, '

(g~), for the upper 2'P~ level.

'The notation used in all the figures and in the dis-
cussion is that used by H. E.White, Introduction to Atotnic
Spectre (McGraw-Hill, 1934), Chapter 18.

4 Equation 18.52, page 374, H. E. White, Introduction to
Atonsic Spectre.
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PASCHEN —BACK EFFECT IN THEORY

components. These measurements enable the
sketching in of the microphotometer traces with
intensity as ordinates and position of the com-
ponents as abscissae. These traces are placed one
above the other to show the progressive change in
the pattern as magnetic fields of greater and
greater strength were applied. The results for
the perpendicular components are shown in Fig. 5
and the parallel components in Fig. 6. Inboth
of these figures the vertical lines or the lines at a
small angle from the vertical represent the
theoretical splitting for the even-numbered
isotopes as shown in Fig. 1 and for the odd-
numbered isotopes as shown in Figs. 3 and 4.
The splittings for the even-numbered and the
odd-numbered isotopes are shown as full and
dotted lines, respectively. The perpendicular
components show ~ splitting which is to be ex-
pected on the basis of Schuler and Keyston's

explanation and which has previously been re-
ported by MacNair. ' The examination of the
experimental results for the parallel components
show that the —10.3 component shifts toward
the zero component in agreement with the
theoretical prediction of Darwin's theory but
which for the range of fields used is not in agree-
ment with the results of MacNair.
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The Paschen-Back EBect

V. Theory of the Effect for Intermediate Coupling

J. B. GREEN AND J. F. EICHELBERGER
Mendenhall Laboratory of Physics, Ohio State University, Columbus, Ohio

(Received April 24, 1939)

General spectroscopic theory has been applied to the Paschen-Back effect and simplified
methods developed for determining the positions of the energy levels and intensities of lines for
cases of intermediate coupling. They are expressed in terms of LS-coupling as the zero-order
functions.

A COMPLETE theory of the Paschen-Back
effect for intermediate coupling in two-

electron spectra was first given by Houston'
(in essence) for the case of one electron in an
s state and was later completed and experi-
mentally verified by Green and Loring' and by
Jacquinot. ' Houston's zero-order approximation,
while satisfactory for the particular example
studied, proves unwieldy, however, when applied
to more complicated configurations. Since the

' W. V. Houston, Phys. Rev. 33, 297 (1929).
2 J. B. Green and R. A. Loring, Phys. Rev. 46, 888

(1934).' P. Jacquinot, Thesis, (Paris, 1937).

publication of Houston's paper, a very con-
siderable body of theoretical work has been
carried out, and spectroscopic theory has been
advanced to the point where the problem of the
Paschen-Back effect can be stated in general
terms for any kind of coupling. While it is useful
to be able to state the general solution to any
problem, it is the actual application of the
problem to particular cases that is of prime
interest to the experimental physicist; and it is
the purpose of the present paper to express the
solution in terms that are very easily interpreted
in terms of a coupling system that is familiar to
everybody; namely, LS-coupling.


