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Helloagain.Intoday'slecturewewillbeusingsomeoftheconceptswhichwehavedevelopedinprevio
uslecturesspecificallythetransmissionlinetheoryandusethisapproachtofigureoutwhathappensw
hensoundasitpropagatesthroughmediumithitsawall,howdoessoundgetstransmittedacrossawall?
Andtosolvethisproblemwewillusethetransmissionlinetheory.Sowhatwewillanalyseisfirsttrans

missionofsoundthroughawallwhentheincidentangleofthesoundasithitsthewallis90degrees.

Thatisthefirstproblemwewillsolveandthensubsequentlywhathappensifitishittingatallsortsofran
domanglesandthenusingthisapproachwewillfigureouthowsoundgetstransmittedacrossawall.So
thatiswhatwearegoingtodotoday.Solwillmakeaverysimplepicture.Letussaylhaveawallandtheso

undishittingthewallatanincidentanglewhichis90degreessoitisnormalincidence.

Sothisismyincidentwaveandthatismyreflectedwave.Sothecomplexmagnitudeofincidentwaveis
Pplus,ofreflectedwaveisPminusandthenthisisthewallinquestion. Andapartofthissounditgetstran

smittedtotheothersideandletussaythecomplexamplitudeofthiswaveisPT.
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LetusalsoassumethatMisequaltomassperunitareaofwall.So,  squaremetreofthisareagoingtobeM
kilograms.Andthiswallcouldalsohavesomecompliancebecausewhensomethinghitsawallthesew
allsmaybend. Theyarenotperfectlyrigidsotheymayhavesomecompliance. AndCisthecompliance
.Butagainitisperunitareaandthisthicknessistandweassumethatthethicknessofthewallisfairlysma

llcomparedtothewavelengthorwavelengthofthesoundwhichishittingthewall.Sotisextremelysma

llcomparedtolambda.
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Sothisistheproblemformulationandwhatweareinterestedinknowingis,soquestion,ifthequestioni

sthatiflknowPplusthenwhatisthevalueofPT?

BecausePplusistheincidentenergygoingintothesystemandPTissomethingwhichiscomingoutbey



ondthewall.SolwanttofigureoutthevalueofthistransferfunctionPToverPplusandthisiswhatweare

interestedinfindingout,okay.
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Soonceagainwewillstartwiththetransmissionlineequations.Soforthetransmissionlineequations

wewillwritetwosetsoftransmissionlineequations.Sothisistheleftsideofthewallandthisistherights
ideofthewall.Solwillhaveonesetoftransmissionlineequationsfortheleftside,anothersetoftransmi
ssionlineequationsfortherightside. Alsowhatlamgoingtodoislamgoingtoestablishmycoordinate

system.Sothisis0.Sowallstandsatthelocationxequals0.Sowiththisnowlamgoingtowritemytrans

missionlineequations.
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Soforleftside,pressureandvelocityandtheyarefunctionsofspaceandtimeandthisisequaltoPplusP
minusPplusoverZ0minusPminusoverZ0.Sothismatrixisgoingtobemultipliedbythisvectoreminu
ssxoverC,eplussxoverCtimesestandweknowthatsequalsjtimesomega.Sothisismyfirstquestion.

Andthenlhavelikewiseequationsfortherightside.

SoontherightsideletussaylcallpressureasP2andvelocityasU2.SoP2nowwhenweseethisproblemt
hereisnoreflectedwavesbecauselamassumingthatthereisnoreflectingsurfaceonrightsideofthewa
11.Sothereisnoreflectedwaveontherightsideofthewall. SomyPpluswillbesameasPT.Andsincether
eisnoreflectedcomponentthiselementofthematrixisOsoagainlhavea0. Thisismysecondequation.

Solhavenowtwosetsofequations,onefortheleftsideotherfortherightside.
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Nowatthispointoftimelstartimposingtheboundaryconditions,okay.Somyfirstboundarycondition
isthatwhateveristhevelocityonthissideatxequalsOthatvelocityissameonjusttherightsideofthewal
lagainatlocationxisequalto0.SoboundaryconditionisthatU1atOtequalsU2atOtandwhatthatgives

meiflsubstituteinequations1and2therelationsforvelocityandIputxequalsO.

SofromfirstsetofequationslgetU 1 0tequalsPplusminusPminusoverZ0timesestandthisisequaltoU
2of0tandthatisequaltoPToverZ0etothepowerofstbecausesisidentically0.SothesetermsesxoverC
andeminussxoverCtheyvanishandtheybecomel.Sonowwhatldoislequatethesetwotermsandwha
tlgetfinallyisPplusminusPminusisequaltoPT.Sothisisletuscallaconsequenceofthisboundarycon

ditionthatatxisequaltoOthevelocityonrightsideofthewallissameasvelocityontheleftsideofthewall

(ReferSlideTime:09:30)
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TheotherconditionatthisxequalsOlocationisthatthewallisexperiencingaforce.Itisexperiencingaf
orceandthisexternalforceisessentiallythedifferenceofpressuresonleftsideandrightside.Sothisist
heoverallexternalforcewhichthewallisexperiencingandthisforcewillbeequaltotheaccelerationof
thewalltimesmassplusstiffnessofthesystemtimesthedisplacement.Sonowlamgoingtodevelopar

elationforforcebalance.

SothisismywallandontheleftsidemytotalpressureisPplusplusPminustimesestofcourseatxequalto
Oandhowlgetthis?

Essentiallywhatlamdoingislaminequation1puttingxisequalto0andlamfindingthevalueofpressur
e.SoontheleftsidethepressureisthisandthenontherightsidepressureisetothepowerofsttimesPT.So
myforcebalanceequationisPplusplusPminusetothepowerofst,thisistheforceonleftsideminusPTe

tothepowerofst.Sothisistheoverallexternalforce.
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Andthenthisexternalforceweknowifwedrawafreebodydiagramofthissystemisequaltomasstimes
acceleration.Sowhatisthemassoftheoverallmass?

SoexcusemethisisadifferenceofpressuresandlhavetomultiplythisbytheareaofthewallwhichisA.
Sothisistheexternalforceandthisisequaltothemasstimesaccelerationofthewallplusstiffnesstimes

displacementofthewall.

SomassisMtimesarea. Thisismasstimesaccelerationandiflknowthevelocityofthewallwhichisletu
ssayUwallthenifltakeadifferentialofthisthenthatistheaccelerationofthewall.Sothisismasstimesa
ccelerationplusstiffness. Andstiffnessofthewallisessentially 1 overcompliancetimesarea.SoCissp

ecificcomplianceandthenlamgoingtomultiplythisbyareabecauseitiscomplianceperunitarea.
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Andthistimesagainiflknowthevelocityofthewallandiflintegratethatvelocitythenthatiswhatlgeta
sdisplacement.SolamgoingtointegratedoverdtUwall.andIseethatareaiscommononleftsideandal
sorightsidesolcaneliminateit.Somyoverallequationbecomessolhavetomakeacorrectionhere. Thi

sshouldhavebeenintegralofUwallwithrespecttotime.Solwillmakethatcorrectionhereaswell.
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Nowinthisequationlamalsogoingtoputanegativesignandthereasonlamgoingtoputthisnegativesi
gnisbecauseiflhaveapositivepressurethenthepressureisactuallymovinginthenegativedirection. It
alwaysactsinverse.Apositivepressureactsinverse.Sotoaccountforthatrealitylhavetoputanegativ

esignhere.Sothisismyequationofmotion,okay.
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NowwhatwearegoingtodoisontherightsideofthisequationlhaveUwall.Solwillfindarelationshipf
orUwallplugintothisandthendosomemoremathematicalmanipulation.SoweknowthatUwalliseq
ualtoU2atxisequalto0.AndifIseethisrelationforU2thenlknowthatU2isnothingbutU2equalsPTov

erZ0timesetothepowerofminussxoverCtimesest.

AndifIputxequalsOthenlgetU2as,andbecausesisjomegawhatlgetisthisrelationbecausesequalsjo
mega.SowhatlamgoingtodoisreplacethistermandthistermbythistermbecausethatisthevalueofU

wall.
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Sowhatlgetfinallyisplusthecomplianceterm.SointhisrelationPTandZ0theyareconstants.PTcanb
eacomplexentitybutitisstillaconstant. Sothenlcanveryeasilydifferentiatethistermandlcanveryeas

ilyintegratethisterm.Andthatiswhatldointhenextstep.
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Soafterintegratinganddifferentiatingthesetermswhatlultimatelyendupgettingis.Solomittedonet
hingherethatlhadanesthere.SolshouldhaveesthereandIwillreplacethisestinthisrelationbyejomeg

a.
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SomyleftsideisPplusplusPminusminusPTejomegatandontherightsidelgetMPToverZ0timesjom
egaejomegatplusloverCjomegatimesPToverZ0timesejomegat. Againlhaveejomegatcommona
ndsolcaneliminatethesetermsandthusmyequationsimplifiesto,thistermandthistermissamesoltak

eitoutsidethebrackets.Solcallthisequation4.
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Andwhatthisequationtellsusistheconditionsforforcebalancethatbecausetheforceshavetobalance
outsoontheleftsideofthetermyouhavetheextraforcePplusplusPminustimesminusPT.Thisissum
mationofdifferentpressureelementsandontherightsideyouhaveinertialelementandstiffnesselem
entintheequationandthisequationisequation4.IthasbeendirectlyderivedfromNewton'ssecondla

wofmotion.SonowlIseequestion4andthenlgobackandlseeequation3.



Sobetweenequation3andequation4lhavethreeunknowns,oneisPplus,theotheroneisPminusandth
ethirdoneisPT.Theseareconstantsbuttheyareunknowns.lknowwhatisM,lknowwhatisomegaand
IknowwhatisCwhichisthespecificcompliance.Sothenusingthesetwoequations, thisequationandt

hisequation,Iwillliketosolve.lgetmytransferfunctionwhichisthis. Andpleasebearinmindthatthist

ransferfunctionwilldependonomega.
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SowiththatintentionwhatldoisIreframethisequationinsuchawaythatlcanrewritethisequationasP

minusequals,soltakePminusontherightsidesameasPplusminusPTandIcallthisequation3A.
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Nowlputthisequation3 Ainequation4.SolreplaceherePminusbyPplusminusPTandletusseewhat
weget.So,PplusplusPplusminusPT.ThisiswhatPminusequalsminusPTequalsminusPToverZ0jM
omegaplusloverjomegaC.AndletuscallthisfunctionForactuallyletuscallthisfunctioncapital D.S
owiththiswhatwegetisthisisequaltominusPToverZ0timesDwhereDisthiswholeterminbrackets,o

kay.
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Sonowlsimplifythissolgetontheleftside2 Pplusminus2PTisequaltominusPToverZ0timesDorifl
movethisonthissidelget2Pplusequals2PTminusPToverZ0andthatissameasPT2minus,solmissed

theDhere,DoverZ0.SowiththisIcanwritePToverPplusisnothingbut2over2minusDoverZ0.Thisis



myrelationforthisquestionwhereDequalsjMomegaplus1overjomegaCwhereCisspecificcomplia

nce,okay.Soletuscallthisequations5.
(ReferSlideTime:24:13)
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Sonowlamgoingtopanthisfurther.SolgetPToverPplusequal2minus,andlamgoingtoreplace Dbyt
hiswholerelation,sowhatlamgoingtogetis,sothisisequation6.Sothisismytransferfunctionandthis

transferfunctionitdependsonomega.ltsvaluechangeswithomegaortheangleoffrequencyofthesou

ndwavewhichisstrikingthewall.
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Sousingrelation6lcancalculatewhatwillbethevalueofPTifanincidentwaveofstrengthPplusishitti

ngit?



Sonowwhatlamgoingtodoisnowlamgoingtodosomefurtherprocessingonthisrelationandbasedo
nwhatfrequencieswearetalkingabout.SowhatweseefromthisrelationisthatthistermMjomegaplus
loverCjomega.SothisIcanapproximateasMjomegaforallomegaorjusttomakeitsimpler,foromeg

awhichislargecomparedtoloverCM.
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Soifomegaisextremelylargeandbylargelmeanifitisextremelylargecomparedtothenaturalfrequen
ciesofthesystemthenthistermapproximatestoMjomega. Thisrangeiscalledmasscontrolledregion.
SimilarlyMjomegaplusloverCjomega,itapproximatestol overjomegaCforomegawhichisextre

melysmallcomparedtonaturalfrequencyofthesystemthatis 1 oversquarerootofCM.Andthisrange

offrequenciesiscalledstiffnesscontrolledregion.
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Sowewilltrytounderstandhowthisfunctionworks?

Thisfunctionworks,thisisequation6,instiffnesscontrolledregionandalsoinmasscontrolledregion.
Nowonceagaintorecap,iffrequencyisextremelysmallcomparedtothenaturalfrequencyofthesyste
mwhichisloversquarerootofCMthenthatrangeoffrequencieswhereitisextremelysmalltothenatur

alfrequencyitiscalledstiffnesscontrolledregion.

Ifthefrequencyweare(ta)consideringisextremelylargecomparedtonaturalfrequencyofthesystemt
henthatrangeoffrequenciesissupposedtolieinmasscontrolledregionbecausethemasstermdomina
testheresponseofthesystem.Sowewilllookatstiffnesscontrolled.SoagainIwillwritedowntherelati
onPToverPplusequals2over2minus. AndweknowthatinthestiffnesscontrolledregionlcanomitM;

omegaandlhavetojustincludeloverjomegaC.

Sowhatlgetis1over2Z0Cjomega.Solcansimplifythis.Sothereisjinthedenominatorofthistermsolc
ansimplifythisbymovingjupwardsbutalsoeliminatingthenegativesign. Whatlamdoingisthatinthi

stermlammultiplyingthisandalsodividingthistermbyj.Sowhatlamgettingis2Z0Comega.
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Andnowlamfurthersimplifyingthisandrationalisingthisbytakingthejinthenumerator.Sowhatlam
goingtodoislamgoingtomultiplythiswholefunctionandalsodividethiswholefunctionbythecompl
exconjugateofthedenominator.Solmultiplynumeratorby2minusjover2Z0Comegaandldividethe

numeratorbythesameterm.

Sowhatlgetis,sothis2shouldnotbethere,andherewhatIwilldoisIwillagaindividethenumeratorand
thedenominatorby2.Solgetthisplusjover2Z0Comega. Andnowlamgoingtorationalizeit.Sowhatl

endupgettingisthisrelation.
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NowweknowthatifThaveawall,ifthisismyincidentwave,thisisreflectedwaveandthisistransmitted
wavethentheincidentenergyisdirectlyproportionaltomagnitudeofPpluswholesquaredandtransm
ittedenergyisdirectlyproportionaltomagnitudeofP2.Sotheattenuationthatisthelossofsoundassou
ndtravelsacrossthewallisequaltointensityofthetransmittedwavedividedbyintensityofincidentwa

veandthatisnothingbutthisratio.

Sothisismyattenuationandlcanalsocallthisasthis.Sonowlhavethisequationletuscallthisequation

A.FromequationAlamgoingtofindwhatisthelevelofattenuation?
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Attenuationlamwritingitasatn, | minusjover2Z0Comegadividedby 1 pluslover2Z0Comega,thew
holethingsquared. AndwhatldoisItakethemagnitudeofnumeratorwhichis1pluslover2Z0Comeg
a.Thisisthemagnitudeofnumerator.Magnitudeofdenominatorissameasthedenominatorbecauseit
isarealnumberandthenlsquarethewholething. Somyattenuationcomesouttobeloverlpluslover2
Z0Comegawholesquare.Sonowthatlhavedevelopedarelationforattenuationofsoundasitgetstran

smittedacrossawall.
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Nowwhatlwilltrytofindisthetransmissionlossindecibels.SolcallitTLandthatisdefinedas10logof
10overloverattenuation. Andthatisessentially 1 0log10ofthiswholething. Andbecauseitis1 overatt

enuationsothis(deno)denominatorcomesinthenumerator.Solgetlover.
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Andpleasebearinmindthatthisrelationisgoodifthefrequencyoftheincidentsoundisextremelysmal
lcomparedtolover2pieCM,extremelysmallcomparedtothenaturalfrequencyofthesystem.Theoth
erthingweseefromthisisthatiflambelowthenaturalfrequencyofthesystemthenaslkeeponreducing

myomega,mytransmissionlosskeepsonincreasing.



SoaslgetcloserandclosertoOhertzlgetanimprovedtransmissionloss.SoifIplotinonalogscalesothis
isfrequencyandthisisindecibelslamplottingtransmissionloss. Andfrequencylamplottinginhertz.

Andbecausethisisalogscalemybodeplotwilllooksomethinglikethis.

Itwillbeastraightlinebecauseitisanasymptoticresponseandthisslopewillbe6decibelsperoctavebe
causeasomegagoesdownlgetthis6decibelsslopebecauseasomegaisextremelysmalltheterminthe

parenthesis,thistermisextremelylargecomparedto l andwhenltakeitsloglgeta6decibelsperoctave
slopebecausethereisasquaretermthere,okay.Sothisistheresponseofthesystemforstiffnesscontroll

edregion.
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Sonowwemoveonandnowwestartlookingatmasscontrolledregion,okay.Andthedefinitionofmas
scontrolledregionisthatmyfrequencyshouldbelargecomparedtolover2pietimesl overCMsquare
rootwhichisessentiallythenaturalfrequencyofthesystem.SoonceagainmyoriginalrelationforPTo

verPpluswasthisthing.
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AndinthemasscontrolledregionlignorethistermbecausetheproductofMandomegaisextremelylar
gecomparedtothenumberloverCtimesomegabecauseomegaisextreme.Soifthatisthecasethenlca
nsimplifythisas,andthemathematicsisverysimilarsolamnotgoingtorepeatthatmathematics,Icans
implifythisas minusjMomegaover2Z0.Andaswehadcalculatedearlierattenuationinthiscaseison

ceagainthesquareofthistermandthiscomestobelikethis.
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AndfinallywewillcalculatetherelationfortransmissionlossTLandthatisessentially 1 0timeslog10
ofloverattenuation.Sowhatthatis?

Sohereinthisrelationweseethatlikeinstiffnesscontrolledregioniflreducethisstiffnessmyattenuati



onwouldgoupandsowouldmytransmissionloss.Incaseofamasscontrolledregionlhavetoincreaset

hefrequencytoensurehighertransmissionlosses.
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Soiflagainplotthisindecibelsandiflconstructthebodeplotthenitwillbesomethinglikeastraightline
.Theasymptoticresponseasomegabecomesverylargewillbestraightlineandthisslopewillbe6decib

elsperdecade.Sothisishowthesystemisgoingtorespondasomegagoesup.
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Sowhatthatmeansisthatiflhaveawallandiflamstrikingitnormallywithfrequencieswhicharelargec

TL = le

omparedtonaturalfrequencyofthesystemthenaslkeeponincreasingmyfrequencieslessandlesssou



ndpassesthroughthatbarrierbecausemytransmissionlossgoesupby6decibelseveryoctave.Everyo

ctaveitgoesupbyfactorof2thatis6decibels.Nowthequestioniswhathappensattheresonancepoint?
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So,whenlhaveaconditionforresonancethenthistermitessentiallyMjomegaplus1overCjomegabe
comes(.Sotheinfluenceofmasscounteractsanditcancelstheinfluenceofstiffnessexactlyatthereso
nancefrequency.SowhenthistermbecomesOthenmyPToverPplusisessentiallyexactlyequaltol.S

oPToverPplusequals]1.
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AndthusatresonancewhatmathematicstellsusisthatPToverPplusequals|1,attenuationequals1base

donthisrelationandtransmissionlossisO.Soldonothaveanytransmissionlossacrossthewall.



Soiflamhittingawallnormallywithafrequencywhichequalstheresonanceofthesystemofthewallth
enmostofthesoundwilljustgoacrossthewallwithoutanydampingout.Butinrealitywhathappensist

hatatresonancefrequencythedampingofthesystemstartsplayingarole.
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Sotheoveralltransmissionlosscurveitlookssomethinglikethis.Soletussaythisismyresonancepoin
twherefOequals1over2pie. Theninthemasscontrolledregionthe(as)asymptoticresponse,thebodep
lotwilllooksomethinglikethisandthisishowthebodeplotwilllookinthestiffnesscontrolledregion.S

othisismystiffnessdominatesandinthisregionmassdominatesandthisismyresonancepoint.
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Nowthesestraightlinestheyhaveaslopeandsameslopeisonthissideinthestiffnesscontrolledregion
butitisanegativeslope.Sothisismyidealcurvebutinrealitywehavedampingandalsowehavethisapp
roximation,atlowerfrequenciesnotexactlytrue.Sotherealresponse,therealtransmissionlosscurvel
ookssomethinglikethis.Soasymptoticallyitgoesandmergersto.Sothisismyrealresponsecurve,rea

ITLcurve. Andthisheightdependsondamping.
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Thankyouverymuchforyourpatienceandwewillmeetyouonceagaininournextlecture. Thankyou.



