LETTERS TO

TasLE 1. Radial distribution of electrons for s =0.6, 1.0, and 1.5.
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TaBLE I. Measured frequencies and ratios for solid chlorine compounds.

P.(x, 5)
x 5s=0.6 s=1.0 s=1.5
0.2 11. 7.6 5.0
0.4 2.85 2.74 2.00
0.6 8.00 X101 1.01 1.08
0.8 2.30 4.84 X101 6.10 X101
1.0 8.50 2.52 3.75
1.2 4.00 1.47 2.40
1.4 2.18 8.72 X10~ 1.60
1.6 1.22 5.36 1.14
1.8 7.40 X102 3.49 8.20 X102
2.0 4.50 2.26 6.00
2.2 2.90 1.53 4.50
2.4 2.00 1.02 3.50
2.6 1.37 7.20X1073 2.75
2.8 9.50 X103 5.16 2.15
3.0 6.70 3.73 1.70
3.5 3.00 1.74 9.80 X103
4.0 1.36 8.72 X107 6.00
4.5 6.20 X104 4.52 3.65
5.0 2.99 2.51 2.35
5.5 1.39 1.46 1.47
6.0 6.90 X108 8.80 X107 9.80 X104
7.0 1.58 4.70

greatly changed at large r so long as we continue the curve back
towards the origin smoothly and make (s°) unity. The shape of
the function for large 7 is correct, since it depends only on the
higher moments and not at all on the type of singularity. The am-
plitude, however, does depend to a slight extent on how well we
have guessed the behavior at the origin. The normalization, there-
fore, may be off by several percent. In Table I we present our
results for x>0.2, but we do not believe the value for x=0.2 to be
very reliable.

* This work was sponsored by the AEC.
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ESONANCE absorption lines due to nuclear quadrupole
splittings were first observed by Dehmelt and Kriiger! for
chlorine in #rans-dichloroethylene at 90°K. The splitting is caused
by the interaction of the chlorine nuclear electric quadrupole
moment with the gradient of the electric field at the nucleus.
The electric field gradient can be considered to arise from charge
distribution within the molecule and from other charge distribu-
tions in the crystal lattice.

Resonance absorptions similar to the above have been observed
at this laboratory in several compounds. These are listed in
Table I. A frequency modulated regenerative oscillator was used,
and the absorption lines were viewed on an oscilloscope. In making
frequency measurements, markers formed by harmonics from a
Signal Corps type BC-221 frequency meter were superposed on
the lines. The meter was calibrated with harmonics from a 1-Mc
crystal oscillator which in turn was calibrated against radio
station WWV at 10 Mc. The measured frequencies in Table I
should be accurate to 0.01 percent; however, the frequency ratios
may be somewhat better, because the harmonics selected for the
CI7 and CI% measurements were such that only a small part of
the frequency meter dial travel was used. All frequencies listed
are the average of eight measurements. Approximately 25-cc
samples were used, and all observations were made at liquid
nitrogen temperature (80°K). The relative intensities of the CI®
and CI¥ lines agreed satisfactorily with the isotopic abundance
ratio. In some cases two absorption lines were seen for each isotope.
A similar effect has been observed by Dehmelt? for the iodine

Compound »(C1%) Mc »(CI¥) Mc »(C13)/»(CI7)
SOCl. 32.0908 25.2935 1.26874
31.8874 25.1331 1.26874
POCl; 28.9835 22.8432 1.26880
28.9378 22.8067 1.26883
CH:Cl2 35.9912 28.3673 1.26876
CHCl: 38.3081 30.1921 1.26881
38.2537 30.1500 1.26878
CeH;Cl 34.6216 27.2872 1.26879

resonance in Snls. The effect was ascribed by him to crystallo-
graphically different sets of iodines in the lattice. Each set of
iodine nuclei thus experiences its own particular electric field
gradient. The splittings observed here could be caused by the
same effect. In forming the frequency ratios of Table I, the higher
CI% frequency (higher electric field gradient) line has been associ-
ated with the higher CI*¥” frequency.

The frequency ratios in Table I should be the nuclear quadru-
pole moment ratio of CI% and CI37. The average gives

Q(C1) /Q(C137) =1.268784-0.00015.

All of the eight ratios agree to within =0.00005.

Dehmelt and Kriiger’s value for the moment ratio using frans-
dichloroethylene was 1.26610.0002.

Geschwind, Gunther-Mohr, and Townes? have recently sum-
marized published values of quadrupole coupling ratios and shown
that in many cases the values for the ratio determined by different
investigators varied outside of estimated experimental errors. The
variation, at least in part, depended on the molecule used. This
was also true for the three accurately remeasured values by the
above authors for CH;Cl, CICN, and GeH;Cl, which gave ratios
of 1.269140.0003, 1.2682=40.0006, and 1.2670-0.0005, respec-
tively. These measurements were made by observing quadrupole
splittings in rotational transitions in the microwave region.
Gunther-Mohr, Geschwind, and Townes! considered that a
reasonable explanation of the variation in experimental values on
different molecules could be made by assuming a nuclear polariza-
tion by the external electric field. This effect is absent in the
measurements reported here.

* This work was performed for the AEC.
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OME of the most general implications of Einstein’s new
theory! are considered in a paper to appear elsewhere. The
results obtained are described in the following shortened version.
By neglecting the cubes and higher orders of antisymmetric
field variables a simple expression for the affine field is found
in terms of the generalized nonsymmetric tensor geg= gaa—*—g%,s

=A.s+®q8, and its first-order partial derivatives gag,y, Where

Acp=gap=g8a and Pag=_gap= —gga- [ am indebted to the referee

of The Physical Review for directing my attention to a solution
of the I'-field obtained by Ingraham? in a slightly different way
from ours.
The antisymmetric part of the I-field is given by
T, =—4g,+A%Pgy M
subject to the four conditions:
Toy =Ty =A%®qy|,=0, 2



