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Abstract

Statistical properties of lleNe and C02 laser beams retrorofle~ted through a
turtwlont atmosphere are invostlgated experimentally for round paths of 1 km and 12 km,
Both hetoradyne and direct detection arc used.

The understanding of th statistical propcrtius OC laser beams retroreflccted through
n turbulent atmosphere Is a p(erequlsito for the pro er doslgn of clectro-o tic systems
as remote pollution analyzers. In tho fol lowlng we ~riafly report on experfmentnl
:;lvestlgatIon of the statistical properties of llc-Ne laser (1 =0.63 Mm) and Co laser

i()=10.tI urn) buams retroroflected through a turbulent titr.losphere for round pat s of 2L =
1 km and 2L ■ 12 km. (Detailed descriptions of experiments ●nd rosulta ore given In Ref.
1, 2.) Both hotarodyne ●nd direct detuctlon wure used. Aa ● retroreflectlng element we
used a corner c~be of dimensions not lar er than the cohoroncc length 1-10 OC the
propn sting beam. A general schematic o

1!
! the experimental heteroclyno and direct aot up

for t o outdoor optical moasuromcnts is brought in Fig. 1.

Illstogramu of sclntlllatlng rcceivod radlatlon wore mau~ured nnd ahowod u Iog-normul
bohnvlor for unsnturatod RS well i% suturatad conditions. It was found thnt n round path
of 2L = 1 km la still unsmturatml ior ~ ■ 11.63 um and thnt a 21, = 12 km path Is only
s1l htly saturated for A s 10.6 urn (Fig. 2),

f
Thu 7/6 power dopendcnco of log-amplltmlc

vur nnce on wave number, us prcdlcted for unsuturutod turbulence by Rytov {ipproxlma-
tlon(3J, was conflrmcd (I:l&t. 3). Tho puwur spectra of thu log-lntonslty fluctuations und
nf tho ]og-frequency fluctuation:; Induced by the turbuloncc were found to fnllow the -u/3,
uncl -2/3 powor dopondcnce for thu same c?t!dltlons (Fig. 4,5J. The sclntll lullon tlmc
correlation was clcrsely proportional to 91,.

Thu atmosphorlc structure constant c~(3) wns derlvcd from the sclntillntlons
varianco h aasumlng statistical Indopcndcncu UI’ the forwurcl und nackwnrd propagations of

i
t a Insor i aam through thr utmosphoro, Tha results of tho optlcnl mcnswrcmcnts nt’

c woru comparod tu rosul a of slmultunoou!.ly In-situ muasurumcnts or thu trmpcrn-
turc structuro cunstant Ci [uslnu fnst thurmocuuplus)t
(Piil. 6J.

Good n~rcumont wna ol)tnlnud

\&J d. u~l~:.iluf~il, A, lill~lhlltll~l , S. hntl ihm.ln, N, .Slu IkIll U, 11, Ircvo*, ‘l.Stlltlsflr ill
Proportlcs of IIu-Nc I,asur It:dllitlon Ilcrlcctrd Ihrmlgh n ‘Iurhulent Atmusplwrul”
sut.mlttod to Appl. opt. (IYHO).

[2) l). Bcnsimon, A. lhlnland~l, S. !ihtrikm~:n, M. Slntklnu, l). ‘t’rcvc*, “Sclntllintlnn~ i~r
In[rtirad llunmn RoIIururlPcfIJd Throu~ll the Atmosphrro,” III INJ puhllrhod (IwH(I),

(3J R, 1,, I:antc, Proc. Illl!l!, r13, I(IO!I (1!17!+!,
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Figure 2. Iixporlmontul histograms
for 2L ■ 1 lim und 2L ■ 12 km.
:1, llc-Ne :asor, 2L = 1 km, dlrcct
dutcction,
h . co. la~~r, 2M ■ ]2 km,

Jhctcro ync dctectlon.
Vcrtlcul Mxls: nbrmmllzod
proh;tbility.
Iluri:untnl ilxis: Ionlo
IIntcnsity), ilrllltr:lry rcfcruncr
Icvul,

I 1)’11111 .1, I,il!ul Ilntllll;ll Ili+llltilillll.i

1,~1 11,1,} In I,ld 10 ,(I ,Hl 1.1111.11 11111,

“!I 13111 1,1111,,! 11.. ,llq,l~,lll I*

I hill, 1; - :.1 k Id~’’:’t.’d/.d -
lb 1.11 Ill tll-~hl’l’ll 11111 ‘ltdll,l,ll{l

Ilfi’lml 111111,1, .t,ll I II III,* 1111, Ftl,lt I Ill
‘llll, Al~l: ,([:’1’) -

1’[{:11;1, llll~$l,’l! ’.’,’,



I
-02

t

-04

46

401

Figure 4, power spcctrurn Kx(f J or
intensity scintillation%.
h- Raflect ion through the
atmospheric turbulcncu
D- Rcflectinn from a nctirby
mirror. IIcNc l{lscr, 2[. . 1 km,
flircct dctrrtlon.
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