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In that case, we can form the sixteen functions

gp (p +pBpA, I.A~B (5 6)

We note that the last term on the right is a divergence,
but the others are not unless

QBa PBa (5.5)

whose divergence is identically zero whether the IA
vanish or are equal to PA. This expression is identical
with (I-3.11).

The author would like to express his appreciation to
Dr. Peter G. Bergmann for the suggestion of and the
helpful discussions in connection with this problem.

PH YSICAL REVIEW VOLUM E 81, NUM B ER 6 M A R C II 15, 1951
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The J= 1~2 rotational absorption transition in OCS has been observed for the molecules containing S~4

and S34. From the frequencies, the frequency differences, and the previously known frequencies of S~, S~,
and SI~ we have evaluated the mass difference ratios (S ~—S~}/(S~—S~) and (S' —S~)/(S~ —S~). From
these values and values of the stable S masses two independent values of the (S'~—S~) mass differences are
calculated to be 2.99844%0.00042 and 2.99770%0.00048, respectively.

I. INTRODUCTION

w E have remeasured' the frequencies of the J= 1~2
molecular rotational absorption transitions of

OCS containing S", S", S34, and S" for the purpose of
determining the mass of S"and of evaluating the nuclear
quadrupole interaction to a higher accuracy.

II. METHOD

Our apparatus, somewhat similar to various other
E-band spectroscopes described in the literature, "is
illustrated schematically in Fig. 1. It utilizes 100-kc/sec
Stark eBect modulation and for maximum sensitivity
a phase-sensitive detector at the output. Our fre-
quencies were measured by means of variable micro-
wave frequency markers obtained from a frequency
standard somewhat similar to those used in other
laboratories. 4 Figure 2 shows a schematic arrangement
of the system. The basis of our measurements is a
General Radio 100-kc/sec crystal-controlled secondary
frequency standard calibrated against Radio Station
WWV.

As shown below in Eq. (3) the mass of S" can be
expressed in terms of frequency differences and ratios.
In determining such differences small systematic errors,
such as are caused by delays in the spectroscope am-

plifier, tend to cancel out of differences and ratios of
nearly equal frequencies.
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Because of the electric quadrupole moment of the
odd S isotopes, the J= 1—+2 transition is split into
several components which are only partially resolved. '
From the shape of the pattern one can infer the nuclear
spin, while for the magnitude of the separations one
may evaluate the quadrupole coupling constant. '

The significant spectral frequency referred to in the
Eqs. (2) and (3) are those of the center of gravity of the
1=1~2 group of lines for one isotopic molecule. The
displacement of the strong central line can be evaluated
from the quadrupole coupling constant. '

Table I contains a summary of our data on S"along
with comparable results for the stable isotopes as
measured by Geschwind and Gunther-Mohr. '

By taking the ratio of the intervals between the
upper and lower minor components and the central one
for S" one gets a value of 1.48, which is in excellent
agreement with the theoretical ratio of 1.46 for a nuclear
spin of —,'. Clearly, the sign of the quadrupole moment of
S"is opposite that of S", since the patterns are inverted
with respect to each other. ' The value of the quadrupole
constant is 20.5+0.2 Mc/sec. Townes and Dailey'have
made a rough calculation of the molecular electric field
gradient in OCS to evaluate the electric quadrupole
moment of S". Using their figures, we get a value of
0.06/10 24 cm' for the electric quadrupole moment of
S'~, which is considered to be good to within a factor of 2.

As a result of the quadrupole interaction, the strong
central line is shifted by 0.440~0.003 Mc/sec down in

frequency. For the most reliable value of the OCS"
frequency we took the value of the OCS~ frequency
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FIG. 1. Block diagram of microwave spectroscope.
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FIG. 2. Block diagram of the microwave frequency standard.






