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Abstract

Statistical properties of lloNe and CO; laser beams retroreflected through a
turbulent atmosphere are investigated experimentally for round paths of 1 km and 12 knm.
Both hetorodyne and direct detection are used.

The understanding of tho statistical properties of laser becams retroreflected through
a turbulunt atmosphere is a prerequisite for the proger dosign of clectro-optic systems
as remote pollution analyzers. In tho following we briefly rcport on experimental
:ivestigation of the statistical properties of lic-Ne lasar (A =0.63 um) and CUO; laser
(» =10.06 um) beams retroreflected throuch a turbulent atrnosphere for round pntﬁs of &L =
1 km and 2L = 12 km. (Detalled descriptions of experiments and results are given in Ref.
1, 2.) Both heterodyne and direct detuction were used. As a retroreflecting element we
used a corner cube of dimensions not lnrgor than the cohoronce longth pg of the
propngnting becam. A goneral schematic of the experimental heterodyne and direct sot up
for the outdoor optical measuroments is brought in Fig. 1.

llistograms of scintillating received radiatlon wore moasured and showod u log-normal
behavior for unsaturatod rs well is saturated conditions. It was found that a round path
of 2L = 1 km is still unsaturated for » = ©.63 um and that a 2L = 12 km path {s only
sllfhtly saturatod for X - 10.6 um (Fig. ¢/). Tho 7/6 power dependence of log-ampllitude
varlance on wave number, us predicted for unsuturuted turbulonce by Rytov approxima-
tion(3), was confirmed (Fig. 3). The puwor spoctra of thu log-intensity fluctuations and
of tho log-frequoncy fluctuation: inducod by the turbulence were found to follow the -8/3.
and -2/3 power depondcnce for thu same conditions (Fig. 4,5). The scintlilation time
correlation was closely proportional to vl.

The atmosphoric structure constant cA(3) was derived from the scintillations
variance h{ assuming statistical indopendence of the forward und oackward propagations of
tho lnsor boam through the atmosphoro. The results of the optical measurcments of
¢ were compared tu rosulgs or simultuncourly in-situ measuroments of the tempera-

::Tc st;ucturo constant C¢ (using fast thermocouples), Good agrecmont wans obtained
R 6).

Referancos
vad o da b, A hnglanaer, S Sntrikman, M. Slavaine, 1), Treves, "Statistical
Proportics of He-Ne Laser Radiation Reflected Through a Turbulent Atmosphere,”
submitted to Appl. Opt. (1980),

(2) D. Bensimon, A, Hnglander, S. Shtrikmaen, M. Statkine, D. Treves, "Scintillations of
Infrared Boamn Rotioreflected Through the A.mosphere,” to be published (1uK0),

(3) R. L. Fante, Proc. IBEE, 63, 1609 (1975},

*This work was done while the author waes with the Weizmann Institute of "ciemoe, Rehovot,
Iwrael,
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Elpure 1. Schematics of the experimental heterodyne setup for studies of the statistical
properties of u« beam retrorelflected through a turbulent atmosphere.  The
Freguency shifted upper beam (30 Mz for e Ne, 500 Nz for GO i
local osclllator collinearly combinet with the retroreflected signa) to
produce an 1, F signal through use of a Fast S v alanche photadiode (HeNe) or
an MG T photoconductor {(GOp),  For direct doiecoion beam splitter A s
removed, A relloctive aptics has boen used for e GOy laser collimator,
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Figure 2. [ELxperimental histograms
for 2L = } km and IL = 12 knm.

., He-Ne laser, 2L = 1 km, direct
detection.

h. CO> lasar, 2u = 12 knm,
hctcroaync detection.,

Vertical axis: nurmalized
probability.

Horizontn]l axis: logly
(Intensity), arblirary referenere
level,
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Figure 3. Power spectrum Wyl(f) of
intensity scintillatione.

A - Roflection through the
atmospheric turbulence

B - Reflectien from a neurby
mirror. lleNe laser, 2L = 1 km,
direct detectlon.

Figure 5. lower spoectrum of
frequency fluctnations W. (!

induced hy the turbuient atmosphere.

A - Rerlection through the
atmosphere.

B - Reflection from a hearby
mirror. HeNe laser, 2L = 1
heterodyne detection,

A,

Figme 6, Cy as opticatly
measured through 1ot jetlegted
ntenslty fluetmlions vepaus
ax dortod Trem in sitn

medta, caeits ot temperatye
fluctual bans,  Statistical
tdepeadence ol the ta and 1r .
hoams war assumed in the case o
the aptival aderivation of Gy
tevom measuted histogramsl,



