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Abstract 

T~e present study aims to find how power distribution 
us_ing various base probability density functions and 
wmdow size affects the statistical properties of a laser 
after passing through a turbulent environment. The 
collected data varied in environment as well as beam 
Polarization. A partially coherent beam was propagated 
through a controlled turbulent environment in which 
temperature and air velocities were varied. The results 
are provided as graphs. 

The Experiment oims to generate a probability density function (PDF) for the power distribution of 
3 laser beam. A PDF allows one lo predict the lik:clthood ofan c,,cnt occurring. 
The likel ihood ofit oc:cumng between two a and b according to function f is 
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The estimate ofan event occurring tS known~ density estimate 
The oldest, widest used. and most bmic lS the histogram, which can be described by the cquahon: 
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The I lis togram provides a base to ana.lyz.e the data. 
Many shortcomings cau.scd by d1.scontmu1ty including interpolating data dcns11:y between lhc bins 
I use lhc Kernel Mel.hod for data c,timation as developed by S1l..,cnnan. 
The individual PDF the K fWlClion mlW fulfill the following cquahon f 11 
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fhc Kcmcl cstimalor generates the PDF by summing the K runction. The PDF is defined by the 
equal ion I I/ · l'l)I ,:. ~ " · ~ A.\. 

where h 1 1hc wimJpw widlh nnd Xi dcnotn the 1-th clement orlhc data array 
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)I is too smnll provides a function which gene-rates false stat1s1ical properties 
,, is 100 large creates too large ofa spread and eliminates nearly all data facets. 
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, l)cnsity c..-tirnalion fW1cl1on K that I use arc based on three common PDFs 
• fhc 
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1 he cauchY di!!tribut1on "°here ,-.o,, 0 and y-1 K(x) I 

nl••("';"J'I 
Jae< d,si,tbulion when, µ -0 and Ir I. 

,.,,.i""'Lai> 

ensity 
Function Method 

The PDF were generated using a MATLAB function based on 3 funchon provided by 
Professor Rez.11 Malek-Madam. The Function hos three mputs: the dutn. the window 
width (h}, nnd the x vo\ue 
PDF Algorithm. 
For loop (repeat for every value in the data array) 

Compute the term accordmg to the Kernel method 
Compute the ind1vidu;al probability density function at C3Ch pomt 
using one of the base PDFs 
Add the new PDF to the previous PDP to generate the sum via the 
Kemcl method 

Function for a Normal DlStribulion 
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F'ac- J. I uc:r bcml power 11 ,ensor YU)'ltll GYCI' umc wtule passing through • controlled 
turbulent erwuonmc:nt. The honzonlal heal. pns outpuUUlg • 400 •F and • the high speed 
and lhc Yertteal heal guns outpuDJR& al 200 "f and• the: base speed. (a)vcrt1cally polarized 

lucr and (b) horu.ontally poJ#1z.r:d lucr 
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..-,.,_ 7. Comparison or the pro,bahthty dcmrty fund.Ion rc:w ..-cruca1. hon.mnlal. and comh1ned 
pofanr.tllon wcr beam P'l$S'-"I through • con&mllcd turhuknl emllfflfnffll The horuffltal 
heal guru: outpuumg • 200 "f and• the high ,peed and the \'atu hcM pm oucpuU1na at 
100 "f and at~ tmc speed ProhUnl1ty dctwty tmd.tnn 115 .. --~ wldlh 0 I ..:I min&• 
OOfflW uaw. ... an dlSUlhult0n • lhc K funcllffl Dcnsaly N:lma&c tcakd by 10 

Experimental 
Set-up 
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\:ig. J. l·xpcnmcntal setup for scncrauna I 
pscu~r2ndom partially coherent beam 

The Cllpcnmcnl included sphllm& Gaus5WI beam mto two independent 
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111c beam wu polam.cd and either recombined with the petpmdtCU!ar 
polan,mion or left u I sing.le pohu11.Cd beam and then p.'.lUCd through 
1 controlled turbulent cnY1roomcnt. The beam's J)O"l·cr v.-u then 
recorded by I polarimeter to record lhe pov.·cr at the taf&d. 1:.ach 
experiment was earned out ovt!r 1024 independent readings at a 
sampling time orJ0 micro 5CCOnds. 
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Fi1,6. Probablhty dtn~1ty functi(ln rrom data c-ollec1cd m I 1g 3 I he 
PDI- wcs a window width of OR K lun.:horu: (a) oormal GltlW1.ua 
d1stnhut1on , (b) Laplace d1str1butJon. (C') t:auch}' d1~.nbut10n. Dem1l} 
ahmate acalet.l by I 0 
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1-1~. Compamon orthc pmblbdrty dcrwty rWIC:llon for • 
Ycrt1cally pol.artnlwn lala beam s,au1na throu&h • 
controUcd turbuknt crmronmc:nt ll t"·o d1fTam1 
1cmpcniu.un. The: honzonta.1 hell suns OUlpUUJng aa 200 • 1-
and al the h1g.h speed and the vertical he•l ap,ns ootpuumg 
at fa) 400 °r (b) 800 • F and at the base speed. Probability 
dc:rwty t'w,,ction usin& "mdow " Kith 0.8 and using • 
nomw Qamw, distribuoon u the K runctaon. Dowty 
CSllmatc sc:akd by I 0 

Conclusion 
Through visually interpolating the shape changes in the PDF in Fig. 5 the 
optimal window width appears to be 0.8 
Fig. 6 demonstrates the effect of changing the K function on PDF. The L..apla 
and Cauchy distribution functions provide a PDF with a longer tail. 
Fig. 7 demonstrates that a vertically polarized beam produces a narrower PDF 
than the horizontal or combined beam at termination when traveling through a 
turbulent environment. 
Fig. 8 demonstrates an increase in temperature lessens the effect of power 1 
Fig. 9 indicates a vertically polarized partially coherent beam passing through 
an environment with greater turbulence parallel to the polarization generates a 
smother PDF as opposed to an increase in perpendicular turbulence. 
These PDFs provide immense benefit for communi, m~ as it allows for a 
better understanding of how turbulence will manip ' e power distribuuOII 

the information transmitted over a turbulent env nt. 
,ta transmitted by a laser is inherently secure as ,1 be intercepted 

out a detectible disruption in the transmissio~ 
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