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STIMULATED RAMAN AND CONCENTRATION SCATTERING

A. Personnel:
During the period on this contract June 1968 - June 1971, the
following scientific personnel has been associated with it,
Dr. N. Bloembergen, Gordon McKay Proiessor of Applied Physics,
Dr. C. S. Wang, Research Fellow,
Mr. W. H. Lowdermilk, Graduate Student.
Mr. Lowdermilk was granted the Ph.D. degree by Harvard University
in June 1971. His Ph.D. thesis was based on the research suppor.ed by

this contract.

B. Statement of Problem Studied:
In the {irst year of this contract attention was mainly devoted to

the stimulated raman scattering in heavy hydrogen gas D The effect

2
was observed and preliminary data were compared with previously
publtiszhed resulta on Hz. At the same time a theoretical study was made
of transient raman scatter.ng in collaboration with a project supported
by the Joint Services Electronics Program. This theoretical in~
vestigation resulted in a publicatior. in the Physical Review, listed
helow as refc =nce l.

Since stimulated raman gain in D2 1s considerable lower than in
H2 at the same pressure and temperature, considerable effort was

spent on the construction of a cryostat, able to maintain a high-pressure

DZ cell at 77°K. At that time the focus of attention shifted to tke
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phenomenon of stimulated concentration scattering in gaseous mixtures.
It was wealized that the available equipment of a controlled ruby laser
oscillator plus a ruby amplifier could be used advantageously to the
concentration scattering problem. Since the atmosphere is a mixture
of gases, a basic understanding of propagation characteristics of high
power laser beams in gaseous mixtures was desirable.

The last two years of effor: under this contract were therefore
exclusively devoted to the study of stimulated concentration scattering.
The theory of the effect was published in the Physical Review (reference
2) and was also incorporated as Appendix A in Technical Report No. 1,
dated October 1970. What is believed to be the first unambiguous
demonstration of stimulated concentration scattering was the change of
frequency of the back scattered light in a mixture of SI-"6 and He as a
function of the partial He concentration. This result was published in
Physical Review Letters (reference 3) and also appeared as Appendix
B in Technical Report No. 1, dated October 1670.

During the final year of the contract detailed experimertal results
have been obtained in mixtures of He and SF6 and imixtures of He and Xe.
Furthermore a quantitative interpretation has been given in terms of
machine computations based on theoretical formulae derived in reference
2. All the required thermodynamic quantities fo: cthe gases used are
known and this research stimulated the investigation of ',pontaneous
concentration scattering in binary gas mixtures under a separate
program. The very good agreement between theory and experiment,
as well as details of experimental techniques are fully described in

Technical Report No. 2, dated June 1971, which also served as the Ph. D.
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thesis, submitted by W. H. Lowdermilk. A condensed version of this
Technical Report is now being prepared‘for publication in the Physical
Review.

The main conclusion of the research performed under this
contract is that good insight has been obtaine in the hydrodynamic
response of gas mixtures at high frequencies. On the basis of our
results it is safe to conclude that concentration effects are not important
for the propagation characteristics of high power laser beams in the

atmosphere.
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