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accurately by Sternheimer. ' From his paper one finds
for our case —0.187 Mev for this correction, yielding
0.968 Mev for the most probable energy loss, 6„.
Finally, a small correction for multiple scattering should
be applied. This can. be done by replacing the target
thickness by an eRective thickness' which in this case
increases A„by 0.9 percent or 0.009 Mev. Thus, the
final theoretical value in Cu is

6„=0.977 Mev.

The theoretical straggling distribution, f(d), is
shown in Fig. 1 together with the uncorrected Landau
curve fr, (D) (both normalized to unity). For the
purpose of comparing the shapes of these two distribu-
tions, ft, (A) is also plotted in a reduced vertical scale
and a shifted energy scale so that its maximum coincides

e R. M. Sternheimer, Phys. Rev. 88, 851 (1952), and 91, 256
(1953).' C. N. Yang, Phys. Rev. 84, 599 (1951).

with the maximum of f(d). The experimental points
with errors of &0.015 Mev in energy and ~5 percent
in counting rate are also shown. ' Both the shape and
the most probable energy loss are seen to be in very
satisfactory agreement.

H we use for Au the polarization correction of Stern-
heimer' (—0.134Mev) instead of the approximate Fermi
value (—0.055 Mev), we find 6„=0.966 Mev compared
with an experimental value of 0.902 Mev. The reduction
of the discrepancy from 0.143 Mev to 0.064 Mev is
appreciable but not sufhcient. However, the good
agreement for all the other elements including Cu
suggests that further experiments and a careful check
of the calculations will yield agreement also for Au.

We are grateful to Dr. Yang for letting us see the
unpublished calculations on Au by him and Dr.
Kennedy and for two profitable discussions.

We are grateful to Dr. Hanson for communicating these
results to us.
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One-to-Two Millimeter Wave Spectroscopy. IV. Experimental Methods
and Results for OCS, CH,,F, and H20$
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Design details are given of the harmonic generator and detector which made possible precision spectroscopy
in the one-to-two mm wave region. The signal-to-noise ratio obtained on OCS rotational lines is 7 to 1 at
1.0-mm wavelength; 30 to 1 at 1.1 mm; and. better than 100 to 1 at 1.4 mm and above. A useful tuning and
measuring technique is made possible by the ability of the new system to detect several klystron harmonics
at once and, hence, spectral lines in several diferent regions at the same time. The applications of the
methods in the measurement of centrifugal distortion of molecules is illustrated- with OCS, for
which DJ=1.310+0.010 kc/sec is obtained, and with CH8F, for which DJ=57.8+1.0 kc/sec and
Dssr =445+4 kc/sec are obtained. A new water-vapor line, the 2s, ,-+3&, 3 rotational line, has been measured
at 183 311.30~0.30 Mc/sec.

INTRODUCTION

HE present paper is the fourth in a series reporting
measurements of spectral lines in the one-to-two

mm wave region. The experimental methods which made
possible high-resolution spectroscopy in this essentially
uncharted region of the electromagnetic spectrum will

be described here in some detail. These methods were
described earlier by one of us (W.G.) at the North
Carolina Meeting of the American Physical Society
(March, 1953) and brieRy in the first paper of this
series. '
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' W. C. King and W. Gordy, Phys. Rev; 90, 319 {1953).

EXPERIMENTAL METHODS

Harxnonic Generator and Detector

The instrument and techniques developed earlier
in this laboratory' extended high-resolution spectros-
copy down to approximately 2 mm. Like the earlier
methods, the present ones employ crystal harmonic
generators driven by klystrons as the source of energy
and crystal rectifiers for detection. The improvement
in performance results principally from the changes in
details of design of these components. The limit of
applicability of the earlier harmonic generators and
detectors which employed commercial, coaxially
mounted crystals was found to be near 2-mm wave-
length. Some improvement in the multiplier design

~ Smith, Gordy, Simmons, and Smith, Phys. Rev. 75, 260 (1949);
Gilliam, Johnson, and Gordy, Phys. Rev. ?8, 140 (1950);


