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EFFECTOFDISTANCEONAIRPLANE

By ArthurA..Regler

NOISE

SUMMARY“

A reviewof theliteraturehasbeenmadeto”determinethe
frequencyof soundof,agiven,sourceetrengththatis loudestat
variousdistancesfrcmthesource.If thegrea,terabsorptioncf
soundatthehighfrequenciesandtheinsensitivityofthehuman
eartothelowfrequenciesareconsidered,”thesoundsina frequency
rangebetween~0 and1000cyclesarefolxxl.tobe loudestat
distancesgreaterthan1 milefromthesource.At shorterdi~tancee
thehigherfrequencieswillhe loudest.

Sounddataobtainedwitha li&httrainerairplaneflyingat
variousaltitudesup to WOO feetshowgoodtigreementwiththe
inversesquarelaw’whichassumesthatthereisnoatmospheric.absor>
tionandthatthesoundenergyfrczutheairplaneisa constant.The
increaseof soundoutputofthe’propellerwithaltitudemaybalance
theatmosphericabsorptionundercertainconditions.

INTRODUCTION

Thehigherfrequenciesof soundaregenerallyknowntobe
attenuatedby theatmospheremorethanthelowerfrequencies.The
questionhasthereforebeenraisedas to thedesirabilityof
designingairplanessothatthenoiseswilloccurintinehigher
frequencyrangesinordertatakeadvantageofthegreateratmospheric
absorptionat highfrequencies.To obtainan answerto thisg.uestiou
requiresa quantitat~vedeterminationoftheatmosphericabsorption
ofsoundat variousfrequencies’.Thecharacteristicsofthehumn
ear,particularlythelow-frequencycut-off,mustaleobe tskeninto—
consideration.

Fairlyaccuratedeterminationsofthe
havebeenmadeinthefrequencyrangefrom
persecond.(See,forexample,references

absorptionof soundinair
30C0:o 1,000,000cycles
1 and2.)‘Norelieble
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dataexistforlowerfrequencies,ch~eflybeoausetheabsorption
intheairbeccmesfairlysmallcomparedwiththeabsorptionofthe
boundariesofthetestchamber.Thequestionoftheabsorptionin
theatmosphereoftheearthintroducesevenmorevariables,such
aswindandtemperaturegradients,turbulence,andeoforth.These
variablesmakeit j,mposstbletoprediotaccuratelythesound -
duetoa knownsourceatdistancesgreaterthan”afewthousandfeet;
Theliteraturegivesmanyinstancesinwhichextremelyloudsounds
havebeeninaudibleata distanceofseveralmilesbutaudibleat a
distanceof over100mi3.es.-(See,forecmple~reference1,p. l&?.)

Themagnitudeofsaneofthefactorsaffectingthesound
intensity8reindicatedinthepres~ntpaper.A reviewofthelitera-
tureonthissubjectisgivenaswellas theresultsofa fewtests
madeto obtaindataon thenoisefromanairplaneandso@ldfrom
loudspeakers.!Thereeultsarepresentedinengineeringunitswhich
ShOUld facilitatetheiruseby perso~notacquaintedwithacoustics.

BASICCOMXEPZSANDEQUATIONS

Thefundamentalequatdonueed~nthepresentdiscussionjabased
:

ona sphericalfreewavefra a pointsource.Thesoundraysare
assumedtobe straightlinesandthelossintotalsomd energyas
a functionofdietancei~expressedintermsofa coeffic~emtn.

J

Thus

&(4fls2)= -4YalllkF

where E isthesoundenergyperunit--area
rQ isthefractionofsoundenergylostper
thedistancefrcmthesource;

Equation(1)reducesto

Integratingandputting

lo%

whichRMYbewrittenin

.fJg%=”-%r-rnd”
inthelimitsgive

normalto thesoundrays>
unitdistance,and s is

E2—= 4 l%e%-m(%-%.lEl

theform
E2

(J
EL e-m(s2-sl}

~= S.2

*

(2) .,
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Thefirstfactorontherighthandsideof equation(2)givesthe”
Well-lmowninversesquarelaw(rofepencel);theSoccndfactoigiVeS
theattenuation.

Theratioof soundenergy”intensi%j,es-E2 and Ei orsound
pressuresp2 and pl isexpressedindecibelsas

I= 10 10FJIO~

or ‘
P? “ .,

I = 2’0 logloq (3)

where I fsthe differenceinsound-intensitylevelexpressedin
decibels. .,

Thedifferencein sound-intensitylevelj.sthe-sameregardless
ofwhetherenergyunitsorpressureunitsareused. Thereiation

t.

L

betweenenergyandpressurep Isgivenby E = —, wherep is22
PC

thedensityand c isthe’velooityof sound.Gubatituting%lne
right-handsideofequation(2)inequation(3)gives

Equation(4)showsthatthelossesdueto thespreadirgof thewave
varyas thelogaritkunoftheratioofthedimtances,whereasthe
lossesdueto absorptionareproportionalto the’losscoefficient
m andthedistancebetweenthetwopointsunderconsideration.Since
theabsorptiontermvarieelinearlywithdistance,itmaybe expressed
intermsof decibe.bperunitlength.In thepresentpaperthe
absorptionisexpressedintermsofdeci-~elsperthou~andfeet. in the
literaturem isUSU3~ 6xpressedas thO10SSCoefficientper
centimeter.There.ktionbetweefim and I expressedindecfbels
per.thousandfeetis .,

I“=--4.34m’(~O.k x lGOO) “

s-I.32x 10% decibelsperthousandfeet (5)
.,
.
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Equation(4)showsthatthelossesmaybe expressedseparately
intermsofdecibelsandthatthetotal10ESisthealgebralcsum
ofthelossesexpressedindecibels.The10BSduetothespreadi~
ofthewaveisindependentoffrequency,butthelosscoefficientm
changesgreatlywithfrequencyandatmosphericconditions.

TYPESOFSOUNDDIXSIl?ATION

Thelosscoefficientm maybe consideredintwoseparate
categories;namely,lossdueto soundabsorptionandlossdueto
sounddeflection.

Theabsorption3.ossesare?hoseinwhichthesound’energyis
convertedtoheatener~. Suchlossesarecausedby viecmity,heat
conduction,reactionwithwatervapcr,andfrictionwithtfioterratn.

Thedeflectionlossesareapparentlosses.resultingfmm a
deflectionofthesoundraysfromstraightlinesby scattering,partial
reflections,andrefraction.Theselosses”arecausedby thelnhomo-
geneousnatureoftheatmosphereandvaryoversucha widerangethat :
theyarealmostunpredictable.

Thevalueof m istakentobe a constanti”independentofsource .i
ordistance.Forlosses‘thatareunifoi’mlydistrsutedthroughout
theatmospherethevalueof m isprobablyconstant,Forcertain
lossessuchas terrainloss,scattering,andrefraction,thevalue
of m probablyisnota constant,but,varieswith
directionalpropertiesofthesource. .

Lossesduetoviscosityandconduction.-The
inairhasbeenc~lculatedtheoreticallywiththe
lossesdueto heatconductionandviscosity”.The
givenInreference1,page130as

. . . 2Um=-~T?

where~ istheamplitudeattenuati.cm

Thevalueof a isgivenas 1.56

con@amt.

-4x 10 for

distanceand

classicalabsorption
considerationofthe
valuefor m is

(6)

airat 59°F, where
thewavelengthk andthelosscoefficientm aree~ressedin
centimeters~ TableI givesthetheoreticalval.&softheabecx?pt!on
forvariousfrequencies.Theselossesareseentobe extrenelylow
andmaybe considerednegligibleforanyaudiblefrequenciesexcept-
thosethatareveryhigh.

P

.
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Lossesduetoreactionbetweenwatervvor andoxygen~a=inair.-
Numer~i~estigatorshavemeasu$edabsorptimcoeffi.c:entsmany

.—. .

timestheaforanentionedtheoreticalvalues.JQmdson(reference2)
investf,gatedtheeffectoftemperatureandhumidityinthefrequency
rangefrcm3,000to 10,000cyclespersecond.Themaximumabsorption
foranyfrequencywasfoundtobemanyt~.mesasgreatas thevalue
givenhereinandthemaximumabsorptionwasfoundto varya6 thefirst
powerofthefrequencyinsteadcfas thesquareofthefrequency.The
maximumabsorptionoccurredat scmefairlylowvalueoftherelatjve
humidity,namely,5percentto20 percentdependingonthefreqnency.
Theabsorptioninoxygenat variousvaluesof therelativehumidity
wasalsofoundtobe fivettiesas greatas thatforair..Si:ceair
isaboutone-fifthoxygen,thesoundabsorptionwasccacludedtobe
duetoa reactionbetweenwaterandoxygenmolecules.Theabsorption
innitrogenwasfoundtobe unaffectedby thehumidityandwasofthe
ordercalculatedfortheabsorptionduetov~sccsityendcon~uction.

.

\ Weser (reference3)”hasgivena theoryforthesoundabsorption
inairandoxygenandequaticnsforcalculatingthelosiat any
frequency,temperature,andhtiidi$y.Theseequationshavebaenused
to calculatethesound&bsorptZoninairat a tenqjeratareGf @o F.
Theabsorptionisplottedin figure1 in-unitscfd.ec~.belsperthcnzsand
feetas a functionoftherelativehunidityforfrequenciesof 100,
~0, 1000,3000,and10,000cyclesper-second.Knudsenf~experimental
curvefor10,000.ctvcles(reference2) isalsoshown.Ayecmentbetween
theoryandexperimentisseeptobe verygoodup toabowt30percent
relativehu.nidity.At thehigh6rvaluenoftheralativehumiiitythe
thecryunderestimatesthelogtiea,by a factorofapproximately5 at
100percentre-lativehumidity.A comparisonofthe3CO0-cyclecurve
of%Knudsen“(reference3) showsaboutthesameresults.No reliable
e~erimentaldataareavailapleto checktietheoryat thelower
frequencies.

,.
.

Theeffectoftemperature~ be e~timatedfrcmresultsg~.venin
reference2. Knudsenfoundthattheabmrptionwas“approxiwtdy
twiceas greatat 131°F as itwasat 68°F. .ScammeaWrementGWde
at temperaturesof ~“F showedthattheabsorptionwas,verylowandof
theordergivenintabler: -

Absorptiondueto terrain.-If:theejoundwavtatravelsparallel— .—-
to thesurf~eofthee.arthjpartofthesoundisdissipatedat the
ed~eof’thewaveas ittravelsoverthe&rowd...Experimentsdescribed
onpagel&lofreference1 haveshowntnatthefrtitioualabsorption
dueto longgrass$s~ubs$andtreesis probablylarge.

Scmete~tsweremadeinthepresentinvestigationtcdetermine
theabsorptionof soundpessj~over2–inch-highgrass..Thexno8mre-
mentswere~de of soundfranloudspeakersat vario,usdistancesfrcm
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thespeakers.Twoepeakersweremounted10feetfromtheground
about3 feetapart.Theyweredriveninphaseat variou~freq~encles
from100to 10,000cycle~persecond.Themicrophonewauabout
l!jinchesfromtheground.ThetErrainwasslightlyrolling,but
themicrophonewasine clearlineafslghttotheloudspeakers.
Themeasurementsweremadeat sundownandthemewaea slightbreeze
frcmthespeakers-towardthemicrophone.Thetemperaturewas70°1?
andtherelativehumidityw’&~+0percent.Thevalues.oftheccmbWed
terrainandatmosphericattenuat3.onarebasedon themeasurementsmade
overthedistancefrcm100to 1200feet=frcmthesource.Sincethe
valueoftheattenuationmaybe a functionofdistance,thevalues
givenintableIImustbe consideredasaveragevaluesforthe
conditionsofthetest,Theshortgrassdii.notattenuatethe
100-oyclenote,butat thehigherfrequenciesthemeasuredattenuation
wasmanytms thevaluecalculatedfortheatmospherealone.

Extensivemeasurementsofthesoundabsorptionoflonggrassand
treesaregiveninreference4. Terrainabscmptioncoefficienttaken
fromreference4 aregivenj.ntable111. Theterrainabsorptionhas
smalleffectonthenoisefrananairplaneflyingoverhead,butitis
thepredominantsourceofabsorptionfornoiseswhichapproachthe Z*
observerIna horizontal_pl.ane.Grasshaslittleeffectonthe
frequenciesnear100cyclespersecondbutt&absorbathehigher
frequencies:Treesandslm’ubberyaremoreeffectivethangrassIn
absorbtngthelowerfrequenciesaswell.as thehigherfrequencies.

1

Scatteringduetogust~andturbulence.-Theeffectofturblllence
inth~kcmphereis con&ideredtheoreticallyinrefer6nce5. If the
turbulencescaleislarge.caparedwiththewavelength,thesoundrays
willbe refractedwithoutchangeof intensitywhichresulteinfadi~
ofthosound;ifthescaleofturbulenceissma~ scatteringofthe
soundresults.Thisscatteringisshowntovaryasthecuberootof
thefrequencyanddependsontheatmosphericturbulencewhtchis
effectedby thewindconditions.A valueofthescatteringfornormal
conditionsisgivenas m = 1 x 10-5percentimeteror1.32decibels
per1000feetat.afrequencyof~0 cyclas.per~econd.The‘meteof
H. Siegmentionedinr~ference5 indicatethatthescatteringisof
thisorderbutthatitis independentioffrequencyin”therangefrom
250to 4000cyclespersecond.

At present-sufficientexperimentaldataarenotavailabloto
evaluatethelossintermsofatmosphericconditions.

Partialreflectiondueto variation~facousticimpedarice.-As
a soundraypassesfrcmonemediumto another,partoftheso’zndwav~
isreflected.If therayisnormal.totheboundaryofthedifferent
mediums,theexprqssi’onforthereflectedwaveisgivenonpa~e148
ofreference1 as .

.

..
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Sr Capa- c~pl
Si C2P2“+CIP1

where Sr isthereflectedconden@aticn,S1 ‘ts theincidentcon-
densation,c Isthesoundvelocity,and p isthedensity.The
subscripti refersto themediumofthe incidentray. A negative
signfor + simplydenotesa phasere~ersalofthereflectedwave.

In-theinvestigation.ofreference6,soumisignalkweresent
vertlcal~vintotheatmosphere-andthereflectionsmeasured.An
expressionforthepressur~plitudereflectioncoefficientperunit
lengthisgiveninreference6 as

r(s)- 1 6(PC)
2PC.de . .

whichIS anal~ousto thep,r8ViOUsequation*
..

Fora normalatmospherethevalueof r(s)‘isshowntobe
approximatel~equalto 5 x l&7 percentimeter.Multiplyingthis
valueby 2 to-convertitto energy-reflectioncoefficientgivesa
valueof m . 1 x 104 percentimeterwhichhyequaticm(5)gives

I * -0.13 deuibels”per1000feet

This10SSfora normalideal’atinosphereisefiremelye~ll. Theexperi-
mental-resultsobtainedInrefercnice6 showthattheusasmedreflec-
tionsweregreaterthanthosepredictedhereinand,tihattheywers
greatestwhentheatmospherewaeina turbulentcondi~ionsuchaa
e-xistswhqhthewindisbiowingmorethan~ milesperhour.Temperature
inversio~salsocausedincreasedreflections.Thesoundener~ there-
foreappearetobe proyagatgdfrcmthe.1OWde~ities,at thehigh
altitudeto thehighdensitiesontheearthwithno ap~eciab.le
reflection10SS,unlessdisccntfnuitiesexistinthe.ati~osphere.,,

Refractiondueto temperatureandwin@~adients.-Thespeedof
soundrelativeto a fixedpointontheearthdependsonthetemperature
andonthewindvelocity.If,agradientof,thes-peedof soundexists,
therayswillbe curved. ,,, ,.

,“

Thenormalatmospherictemperaturegradientof-3.5°F per
1000feetresultsinthe.curiatmreofthesoundriiy6“awayfrm the
earthtssurface.Fora souzn&Paystartingparalldto theearthfs
surfacetheradiusofcurvatureofthesoundray.is52tiles(refer-
ence1;p. 168). Sucha soundraywillbe curvedtip-wardabout200feet
ina“distanceof.2miles.”Thiscurvaturemy be inthereverse
directionat night.Thiscurvattireupwardandthe,terrainlosses
arebelievedtobe theprincipazreasons.thatsound’sourcesnearthe
horizonoron theearth~ssurfaceareusuallynotheardat great
distances.



8

*

tiCATNNO. 1353 ?

Inadditiontotheaforementionedeffecttherearesecondary.effects‘
causedby thecurvatureofthesoundrays.First,thelengthofthe
soundpathwillbe increasediftheraysarecurved;andsecond,for
normaltemperaturegradient,thecurvedraysspreadapartata @eater
ratethandothestraightrays,Foran airplaneflyingat 40,000feet
onlythesoundraysina coneofabouti120°belowtheairplanereach
theearthlssurface.Abouthalfthesoundener~thatwouldreach
theearthiftherayswerestraightisthereforerefractedintospace
by thecurvatureofrays.A 3.decibeltotallossisduetothis
refraction.Thiseffectisa minimumdirectlyundertheairplane
andisestimatedtobe intheorderof1 decibelfor4U,000feet.

Windvelocitiesontheearthareusuallylowerthanat some
distancefromthesurface;hence,ifthesoundistravelingagainst
thewind,itwillbesloweduptioreat higheraltitudesandthesound
raywillbe curvedawayfromtheearth.If thesoundistraveling
withthewind,therayswill.be curvedtowardtheearth.

Representativevaluesatroomtemperatureofthevariouslosses
aresummarizedintable’IV.

,DE2ERMINAT$ON0F:FREQUENC%MOSTEASILYEEARD

Thefrequencywhichismosteasilyheardwilldependonthe
sourceintensity,atmosphericconditions,distancefromthesource,
andcharacteristicsofthehumanear. In thefollowingdiscussion
a variable-frequencypointeourceisassumedto havea pressurelevel
of100decibelsat a distanceof100feetfrcmthesaurce.Thesowld
pressurelevels’fordis~ancesto 100,000feet,calculatedby useof
equation(4),areshowninfigure2. Thevalueof m istakenfrom
figure1 foranassumedrelativehumidityofhOpercent.All.other
atmosphericlossesareneglectedbecausetheyareeithertoomall
ortoovariable.It isfurtherassumedthatthesourceishigh
enoughintheair sothattheterrainlossmaybe neglected.

Figure2 showsthatup toa distanceof10QOfeetthesound-
pressure-levelcurvesfcwallfrequenciesbelow3000cyclespersecond
liecloseto thecurvefornoatmosphericlosses.At 10,000feeta
1000-oyclenoteisreducedfrom100decibelsto 56decibels.Of this
reduction40decibelsisduetothespreadingofthesoundwave
(inversesquarelaw)andonly4 decibelsisdueto atmospheric
absorption.

Theloudnesslevelsoftonesofvariousfrequenciesaregiven
infigure3. Thisfigureistakenfromreference7 andisconsidered
standardforconvertingpressurelevelsofpuret-onesto loudness

.

.
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levels.Figure4 givestheloudneeslevelscorresponflingto the
pressurele~elsoffigure2, At shortdiatailceathe3000-cyolenote
isloudestandat &eaterdistancesthe~ycle. noteisloudest.

Someexpertientmlconfirmationoftheuecalculationsmaybe
obtainedfrcmexperimentsbyA.ignergiveninreference8. Thjswork
wasdoneto determinetheopt’imumeendtngfrequencyofwhi8tW3cr
sirens.TheresultsaregivenintableV.

ThepreGedingdatidapezuion thetypeandloudnessofthesouz”ce
aswellas onweatherconditionsandthecliaracterifit.icsofthe
listen8risear. Thedatashow,however,thatnoisesintheSrequency
rangebetween~0 and1000cydlesper”secondaremosteasilyheard
at largedistancesfrcmthesourceandthatfrequenciesinthe
neighborhoodof 100cycle.~per-secondarenotheardwellbecausathe
humaneardoesnotrespondto thelowfrequenciesat lowcanplit-ides.

EXPKRIMENTALDE_._._ATIONOFSOUIWDFROMAE@L~

,..
Measurementswere&.adeto determlnj”the”effe”&of&ititud@cm the

soundpressurelevelofanairplaneflyingdireotlyovertheobserver.
Themeasurementsconsistedinmeasuringthetotalsoundoutputofan
airplaneas itpassedoverthemicrophoneat variousW.tltudes.The
airplaneusedisa lighttrainertypeairplanehavinga nine-+ylfnder
enginedirectlyconnected.toa twc+bL~depropeller,9 feet1 inch:n
diameter.Theairpl.anaflewatapproximately164mi19sperhourwith
manifoldpressureandrotationalspeedconst$mt.Theenginsspeed
was2000rpmandthehorsepower,abouthOO. A GeneralRadioCompany
soundlevelraoterwasusedtomeasnrethemaximumsoundas theairplane
passeddirectlyoverheadat alt:tudesfrom300to ~00 feet.Atmospheric
conditionswereclear,therewasa sli@tbreeze,the,relativehumidity
was40percent,thetemperaturewas72°F onthe$rGund.

Theresultsofthesemeasurementsaregiveninfigure~. The
resultsshowgoodagreementwiththes~ve obtainedb-yuseofthe
inversesquare~w whichisbasedontheassumptionthatthesource
strengthisa constantandthatthereisno atmosphericattenuation.
Theeffectofthechangeofthespeedof soundwithaltitudeonthe
soundoutputofa propellermaybe calculatedfmm formulasandcurves
giveninreference9. Thesecalculationsshowthatforthetestin
whichthepropellerspeedandpowerwerekeptconstant,theoound
intensitylevelintheplaneofthepropelleris2 decibelsgreater
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at an altitudeof 5000feetthanat sealevel.It appeersthatthere
maybe a slightatmosphericabsorptionapprox~telye~ualto th9
increaeeof soundradiationfromthepropeller.Thisabsorpt:.cmis
oftheorderof0.4decibelper1000feetforthefrequenciesand
conditionsofthetest.Thepredominatefrequencieswereinthe
rangebetween70and300cyclespersecond.Sincethisvalueof’
theabsorptioniswithintheaccuracycftheexperiment,no def-inite
valuecanbeassignedtotheabsorptioncoefficientwhichappearsto
be extremelysmall.

In orderto obtaina comparisonoffli~htteetswithstatic
tests,thesoundfromtheairplan9wasmeasuredwhiletheair$!l.ane
wasrunontheground.Thesoundwasmeastiedneartheplaneof
propellerrotationata d3.etanceof300feetfromthepropeller.
Thesemeasurementsshowedthesoundpressureleveltobe 6 decibels
higherinthestatictestthanintheflighttestsfortm same
distance.

CONCLUSIONS

An.investigationwasmadetodeterminethefrequencyof%ound
thatisloudestatvariousdistancesfrcmthesource,andsound
measurementswereobtainedona lighttrtierairplauflyingat
variousaltitudesup to ~00 feeti.Thefollowingconclusionswere
indicated:

..

1.If theatmosphericabsorptionandthec~i”acteristicsofthe
humanearareconsidered,”fora sourcehavinga-pressurelevel.of
100decibelsat 100feet,thefrequenciesintherangefrom~0 CYC1OS
to 1000cyclespersecondarefoundtobemosteasil#heardevenat ,
distancesof severalmiles.

2.Sounddataobtainedwitha lighttrainerairplaneflyingat
variousaltitudesup to WOO feetshowedgoodagreement.withthe
inversesquarelaw. Thisagreementindicatesthatfortestcondi-
tionsandforfrequencies(70to 300cps)atwhichthisairplane
radiatesthemaximumnoise,theatmosphe~icabsorptionisnegligible.

3.,’TheinversesquarelawforchangeInsoundinteneitywith
distanceaccountsforalmostalltheattwnuatlon,particularlyfor
frequencieslessthan1000cyclespersecond.Additionalattenuation
isobtainedfra thereallosseswhichareduetoviscosityand
conduction,reactionwithwatervaporjandfrictionwiththeterrains
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andfromtheapparentlosseswhicharescatteringdueto turbulence,
partialreflection,andrefraction.Of thereallosses,theterrain
lossisusuallythegreatest.Oftheatmosphericloksee,thelosses
duetowatervaporandturbulencearethemostimportant.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCcmmitteeforAeronautics

LangleyField,Vs.,May12,1947
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TJW3LEI,.. . . . ,“

THEORETICALABSQRZ’TIONLOSSESDUETO VISCOSITYANDCONDUCTION

Frequency
(Cps) (pe~-cm) (dbper~OOOft)

o.27X104 0.00035100 ~ , , 6 f55x&3500 .0088
1,000 0:2.7X1O-”6 ,035
3,000 2.4x14

I

-2
.3~6

10,000 3.56
20,000 1%%+ , .14.3,.. ..

:.,.”:. -“. ”

,’ ,-,,’ , . .

,.

TABLEII

TEF&AINANDATMOSPHERICATTENUATION4S OBTAINED.

FROMMEASUREMENTSOVER2–INCH-HIGHGRASS

Sendin&’ Measured.teriaiu Calculated
frequency aridatmcspheric atmospheric
(Cps) attenuation attenuatiinn~

(dbper1000ft) [g~gpe:)1000ft)
---

—
100 0 0.0035
500 ●op)~
1000 12 “ “.34
poo 26 ,9.0. .

NNLIONALADVISORY
,’ COMMITTEE.FORAERONAUI!lCS,.

,,,, ..-
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T.ABLqIII

TERRAINABSORPTIONCOEI!2?ICIENJ33INDECIBELSPER>000I!!?EU

~atatakenfrcmreference~

Frequencies Thingrass Thickgrass

~

Average#ungle
(cp6) 6 in.to w in.high 18 in.high 30G-ft.visibility

100 2 20
~o 10 3:. 20

1,000 .- 30 40
5,000 --, 30 63
10,000 -- 60’ 70

TABLEIV.

SUMMARYOFLOSSESINDECIBELS

~Rocmtxmmeraturel
L

Typeof loss

Viscosityandconduction
Watervapor,80percent

relativehumidity
Watervapor,maximumvalue

Terrain,shortgrass
Turbulence
Partialreflection
Refraction,vertical

direction
Refraction,horizontal

direction

Pm 1000FEXT

1
Valueof 10ss

Frequencyof100cpsI1?equencyof 1000cps

0.00035
0.001

0.8at 2 percent
humidity
o
0.8
0.13
0.025

Possibletotal
loss

0.035
0.9

8.o at 6 percent
relativehumidity
16.0
1.7
0.13
0.025

Possi”bletotal
loss
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TABLEV

OPTIMUMSENDINGFRE&WNCY .

[wta taken?romrefezmnoe8] : . .r
Distance Frequency Distance Frequency
(miles),, (Cps) .(rni~~e) (cP~l

0.62 2000 18.6 765
1.86 1.446 24.8 716
3.10 Mb 31.0 678
4.35 1123 37*3 653
4.97 1080 43.’5 630
29;: 1050 49.7 .610

1020 53.9 393
3.2:4 848 62.1 580
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