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Introduction

Great interest has been concentrated
in high power lasers as sources for both
optical radar and communication experi-
ments in the atmosphere. There are
a number of propagation problems to be
throughly studied, including molecular
and aerosol scattering,molecular absorp-
tion, and turbulence, The purpose
of this paper is to discuss the perfor-
mances of the two specific schemes for
studying light beam propagation, (1)laser-
Raman radar, and(2) resonance absorption
method, designed as singlé ended optical
transmissometers.

Lase radar techniques have so far
been based on detecting elastically back-
scattered light which is a combination
of Rayleigh scattering by air molecules
and Mie scattering by particulate matter
such as aerosols and water droplets.

Some of the photons in the laser beam
are inelastically backscattered at shift-
ed frequencies due to Raman scattering
by atmospheric molecules. Because the
Raman scattered light from individual
constituents is shifted by proper freq-
uency intervals , a means is thereby
provided for isolating the scattered
light of each of various atmospheric
species, and for understanding the nature
of almost all molecular constituents.

The laseyr-Raman radar scheme has
been Ergposed and confirmed experimen-
tally“~/ to measure simultaneously the
gomposition and the number density of the
atmospheric molecules. The resonance
absorption scheme has also been discussed
priviously8 to detect small concentration
of atmospheric pollutants,

We consider here some potentialities
of these two optical schemes in the appli
cation to the specific problem of measur-
ing transmission and absorption proper-
ties of the laser beam in the atmosphere.

Laser Radar Systems
The Taser radar system used in the

experiments basically consists of a
laser transmitter and a optical receiver.
In the laser-Raman radar, a Q-switched
ruby laser at 6943 X was mainly employed
along with a pulsed nitrogen laser at
3371 X with 50 pps repetition operation.
Atmospheric backscatter was collected

by a 30-cm diam, 150-cm focal length
reflecting telescope. A grating mono-
chrometer, as a spectral analyzer, was
set to select the Raman-shifted compo-
nents. The output of the monochrometer
was detected by a photcmultiplier, and
then desplayed on a 30-MHz oscilloscope.
For the resonance absorption scheme,

the above mentioned transmitter was re-
placed by a frequency-tunable dye laser,
pumped by a nitrogen laser pulse.

Raman Backscattering Scheme

The Raman backscattered power from
atmospheric molecules at a range R is
given by the laser-Raman radar equation:

Pr = Wo S T@H)T@R) N(R) o / R? 1)

where W_ is laser output energy, S is
system semsitivity, T(&}) and ’l‘(wR) are
transmittance of the laser light at the
frequency of ty and of the Raman echo
at , N(R) is”concentration of specific
moletule, and ¢, is Raman backscattering
cross-section o§ the molecule.

Fig. 1 shows typital example of the
oscilloscope traces obtained in the

Fig. 1
Mie echo in the clear atmosphere.

Laser-Raman echo of O, and
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clear atmosphere. The upper trace
corresponds to the Raman shifted compo-
nent of oxygen molecule centered at

7793 &, and the lower to the unshifted
component centered at 6943 A, cbserved
simultaneously for comparison.

The Raman component appeared almost con-
sitent with the expected range depend-
ence from 1), whereas the unshifted
component was fluctuating from shot to
shot due to the density and size varia-
tions of the aerosols in the optical
pass. This result,together with the
uniform distribution of the air molecule
such as N, and 0, lead to the effective-
ness of applying”the Raman scattering

in the measurement of atmospheric trans-
mission of the optical beam.

From the above equation, the pro-
duct of transmittances at W, and to
the range R is related to the received
power by

T T(W)=P (RYRZ/P_(R I 2)
where R_ is the closest range where
the lasér beam overlaps the receiver
field-of-view. Since the visual
range V and visual extinction coeffi-
cient @ are related through the relation
V-8 = 3.9, both quantities can be evalu-
ated by assuming T(Ww )=T(w,)=T(w) and
using the relation TYu0=exp(- R)dR).
This method of measuring optical trans-
mission in a single station is useful,
especially in the close range of the
order of 1-km, depending on the system
sensitivity,

Resonance Absorption Schene

Recent development for generating
tunable ccherent beam by the dye laser
and parametric oscillator has made it
possible, to avoid strong absorption
bands by tuning the laser frequency.
One can also study the molecular absorp-
tion spectra by sweeping the laser
output frequency. As one of preli-
minary experiments, the solar spectrum
through the earth's atmosphere was mea-
sured by the receiver with high resolu-
tion as shown in Fig. 2. The major
absorption lines are identified due to
water vapor. Sodium lines are solar
origin.
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For studying the transmission
characteristics of the laser beam gene-
rated by the tunable dye laser, the
backscatter from the particulate
matters in the air or solid targets
was received and analyzed spectroscopi-
cally. Based on this scheme, we
could derive molecular absorption as
a function of range, as well as its
average number density over the optical
pass. Experimental result and
analysis will be presented in detail
along with the discussion.
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Fig. 2 Absorption spectrum of
water vapor in the atmosphere.



