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A.A.S. ACTIVITIES 

TECHNICAL MEETINGS 

TheN.S.II.Divi.ionenJoyedoveryintere.-

ti n~ techn i oa I 

July 19th, by Professor A.A. lIilli~,,,, Jnr .• 

Many proaical e5timates or decl.lon. arc 

mode, In ordln~cy I ife, on the ."u.."tlon of a 

i.e.,oneqo¥ernedby 

portion.TltY,etc. Theanalysl.i,easyandthe 

re5ult.areoftensucce .. fuT. Even in rigorous 

matheITat ica I ,~Ien<., Mu~h \h. sone i, true, and 

that are "S"<1lly acc~pted •• I ineac are Maxwell's 

equation' of eTe~~roma9netism, and the equat ioo 

~overnlng <1cou,tl C<1 I wave<. Neverthe Ie,>, the 

npti~s ."ists, becau,e the 

optical oropectlcs of.onc material5 are non­

I iMor, ~n~ p"".cfu I I i~nt b.~"'5 from a laser 

M~"""II 's 1,101, ac. aff.et.d by 3 9ravitotion 

in principle nonlineac interoction' ,hould e~i;t 

between e lectrorna~neti ~ and ~ravl tat iona I ~·ave,. 

Nonlinearity i"just.spronounced in 

a~ou>tic •. The thr@o govocni'g 

eontinuity,motion,.ndstatcof 

tinga,oundwave--arenonlineor.O"lyneglect 

of t~e nonl i "eor aspects can lead to tho I ine.c 

wove equatic" that 9QVero. ""'st of aOQustk,. 

Cons~~uently, li,ur acoustl" i5 v"lld, strictly, 

only foe infinitesimal change' in tne pre"ur~, 

and p.rt I cleve looi ty of tho supporti"~ 

fromlineoracou5tiosoani>e 

derronstr.ted qualit~tlvely by con5idering • 50und 

"'~ve in an ide.1 go> tflat follow, the adi~batk 

gas I"". That is, the Equotlon of State i5.ccepted 

a, nonlloear, "hile the Equ~tlon' of Continuity ano 

of mot;O" are re"arded as linear. The outc"n~ i, 

a predi ct ioo that cegior.5 of greotec com~rc .. lon In 

the sound wave travel f.,ter and r~gions of gceatee 

rorefactio" travel ,lower, "i th respect to th~ I ineac 

sound 'peed of infinlte'TmallY ~· •• k ,oun~ waves. 

inspeeoareusuallys""all,but 

thelreffccts.recumulatlve In time,meo,ured in 

reciprocal frequency, aod In distance travell@d, 

meosured in .~oust ic w.velengt~.. For exanp Ie, an 

initially5inu<oldal<ound·."veof.lnglefrequency 

wi II ~ro~re., ively "steepen" it, Way. front', 0' 

,ucce.,ionofshockfrcnts, 

'o"",~·hat like o~eon ",ave, approaching the 'tage of 

"breoking". AccordingtoFouriec',theocon,.uch 

a orogresoivelydlstoetedwave rnu<tbe de5crlbed 

by on InfTnTt ••• d., of .11 tn~ ~arnonics of the 

ori ginal oi ngle frequency, "i t~ the 

higherhannonicsprogro;;ivelyincroasing. There­

focetheacou5ticbeomactsasaloog".nn-flre 

.,cay" thot by nonlinear ",elf-so.ttering" 

h.rroooicfreQuencic",otpre$cnt in the initial 

souod wove. If this initl.l 'ound ... av~ contains 

two or ITOC~ componcnts of <liffcrent ,reque"cie" 

all the harmonics ofeacnfrequency are generated, 

o"d so ore .11 toe "'UIT tQn~s" ond "diffece,ce 

In T~6J, P.J. 1I~'t~rvelt sno·""d theoretic,lly 

that~" ioiti.1 sound wave cnnt.ining two heque,­

c1esflandf2would,loportlcular,produoea 

dTff.renc~-frequMcy c~ITpon~nt I fl - f21 wuld De 

coovcntionallyproducedoolyby. 

even impr~ctieally I.eg. -- 'OUCCe. Second, this 

law-f,"qucne~ bc"," Hp~rien«" h", absorption Bnd 

tnu. can per,l$t for loog dls,""~es. Third. the 

b"o~-wldt" of the ~I Her.nee-frequency beom is 

be i~re"ed upon it, by <:rrplitude-, froqu<:"cy-, or 

pul,e-JOOd"IBtion. Apracticalapplk",lonl< 

alreadyinu,e: bottoIT-m.pping'nn.r,ln 

The difference-frequency beom con r~.c" and .~ho 

baok from great depths; the ,harp focu<lngof the 

beB") allow, mopping of ,nail detail$; and t!'ebeam 

penetr~tes sor<: di st~nce into the ocean bottom an~ 

Anotnec appl ic~tiQn - also suggested by liester­

velt - i. in ths ,tage of appl ie~ re".orch and 

te"ing. A ~eak beam of low-frequency sound from 

a dlst~nc~ ,oucce con be directionally detected, in 

prinoiple,vi"nonline.rinter.cti<lnwitha<trong, 

sh"rply focused be,m at high freq"cncy. The latter 

heamacu as on endfice array, 

"nO differen<e froquon~ie" 





NEWS AND NOTES 





ENGINE EXHAUST MUFFLERS 

tlleoretioal ood largely empirical', (I) 

It i,propo,edthereforotn re\,;ewbriefly 

0' the di fferent theoretl col "pprn"ohes avo i la~le for 

(a) Shock Tube Method, 

(b) Method of Characteristics, 

(c) Acoustic MethQd. 

Finally ment,,," I. mode of " ne., 1 in •• ri,.d ap?r~ach 

thot has been ,uccessfullyu5.d 

" 

lti<a.sumodthatthe 

In the uhaust "",nl-

[>"ye, (3). Theor;M were dev~loped whfcll acourately 

pre~; cted the .ttenua, ion of " 

atypic,'@xhoust5ystem. 

Mufflers designed on this ba5i,were te,ted on 

multi-cylinder engln~' with only portl,,] ,ucee». It 

wa, concluded ,na' steepening,,! toe pre<sure wavefom 

wa, slIght and thus wave .alM rather th~n shook a~-

tiono"",in.ted the exhaust'ys,em (4). 

behovlour "'a. aosociated wi th this wave ~ot;on and tris 

couldnotbeigoored. Th •• hock appro.ch seems to be 

Un;verslty 

engine muffl~r 

of finIte a"'l'll-

Theba,lcconcept. 

,rond.rd te~u, e.g. (5) 

Originally t~e ""thod of characted<tk, rel;.d 

on gr.phic~1 procedures (7). but ""re re~ently ;t has 

been oomputec;sed "ed ,ubstantially develop~~ ~c'e 

largely to the infl""noeof Ben,,,". e.g. (8). 

majoc;nteresth.,bee"in,asexc!,,,ngepr()Ce%a'. 

the releoseof pressure from 

also the ev"luation of the effect of toe exhaust syste~ 

I' tt Ie ent~u, jastle support of tho 

o,de,iyningexhaust 

the tot~1 e~h.u.t system 

Nurnerou.repoctsontheapplicotionnfaccustlc 

techn;que'tomufflerdosignocc"r;nrh. 

Perhaps the mo,t oMp,.hen.;ve i, thot du~ to 

~I (9). A, a re.ulc of tosCs usinq a 

signnl,ourceDavlsd r cw"pdesi9n cha". 

sever.1 exhau.t "'urrl~rs for a hel icopter 

perfQrmanceQfthe,e","fflocswasle>s 

and O~vi. concluded thal re •• arcM into m"ffler perfor­

m.n~e under real I st I c ~"~aust oond; t ;QO' ,,~< needed 





(12) 



MEASURING SOUND ABSORPTION 

s"o~1 i"r> of tr.ese matee;"I, in testing 000 reporting 

$omedo"bt.ndconfu.;on 

mance.of local producuwhen 

somelmportedproducto. 

building indu>tryof the importaooe of noise conHQi, 

AU".!]) 

These te,t ruulU .howed ,molle, 

between the sound absorption pr0p"-,-ti~; "r 

materiai<frnm)ocalandAmerlcan 

indioated by the published figure •. ',i,]ed.o", 

AXchange of vTe"s about teotlng 

A, a ,..,sult of thl' dl.~u,.lon. two 

_caustic.l laboratory 

T.tc,-earlyTnI973-. 

panels. Tableishow"here,ult5. 

Absorption Coefficients 
atindicotedfrequency-Hz 

U.S.A. 

llanufacturer f--o.-,u, .. ,cc-,'+---.,-,----.-,,--.,-,--.,-,-+-

Auotralran 
Manufacturer f------



t""st"o<iard ... cprooedure5, 

theacQusticalp,,,fessio.1, 

tQ p~upl~ in 

dilf~,ent results, but "hi Ie it i, partly 

tr.epu,poseoltr.isartioletofucu,att.n1.IQnQn 

'hem,lti, 

01 thi, article to ~,.ke further comment here. 

,,",tier di,c""ed abov~ WriS formally 

broOghttctheattentlonoftoeA",lrall.n 

Acoustic.l'ocietybytheauthorofthl,a"Tcle, 

in~l"dicg the tabled test oat. relating to 

.~o"stical paMls of U.S. origh. The second set 

He lp and edvi c~ was sou~ht f roM the Society 

"nd here we quole t"" p.rogro~rs of the letter -

di,eotlycuncerned 

50ieooe i ° AustralTa, in sU9g@<t in9 ~ow an 

equ; tabl~ b".i. for 'he '.t;nq of acoustical 

be establl.red and di .. @minat~d amnns" 

specifyingocoustlcalmaterio15 

.culd it be ~ropH to suggest that the basis 

.galnot aooustT~.l wn.ultants' speelflea­

or toneetgooero"""tor <tot"tory 

We reaftl rm 'he •• vle~ •• rd actIng on ~act of 

,ion d "he SOCiety, ~. P'"P"'~O tris actlcle 

'0 that. ""r@ "Bq~itcbl~ basi," for ccntp"r"no of 

produ"L 4"alit;es mot hnp~r"lly be ,ecagnh"d ,no 

;n,i"~d "PO" by the 'p.elfT." ood .. lectors of 

ooo"Hicalp,Qd"ct<" 



MEASUREMENT 

".ed h~~ the limo of the ?redyno,tic tombs. Then, 

mea,udng c.padty. tl;ey ~ad (ne 'fen'. of s~"'o 29 

to about g 9'"~" It;' dear trat ~ll t~eso measure, 

actkle, mac,;n. manufacture changod tills complclely 

by turning out nundreds Qr thou,.ncl. of ~I.c.< 

ohe.dof,he ... emhlyst.ge. Tilismoeot,nr 

that the m.chlo~-o",d. piece, needed to be 

the tT"",da"embly. A furtherne"" aro'e from the 

grOl<ing proctlce of rep~; r by rerlaG~"nt of I>'om or 

faultypa,l5. Forthistobe.ucces,ful, 

dearly oe~e""ry that 'spa .. " par,,' 

carefully, and the plac~ into which 

SOlO'lO c"".ld~ratlon of the b.,le 

m •• ,u,emcot"l< 8 valuable exocdse. 

agr •• dsto"o""d. T'eConci;eOxford 

define, MO.SUCea' " .. cerlaln e'tentor quaotity of 

(thing) by """'parl,nn wTt~ fixed unit or 

"MEASUREMENT. I t I. per~aps only Q"er 

ICOyear, that the matter of intern,,(ion.1 st.n-

Units andStandords of Mea5urement. ItT, 

todistingei,hbet>leen units 1Indstond ... d, 

t~at quo,tity W anotoer fil<~d 

kind, hown •• the u~lt gf that ~ind of quontity. 





In this .Impl~ ca.e, although reference I. 

~<tually "",de to the national ,tandard, neverthele>5 

there Is not a continuous train of reference frorn 

tne p.,tl<:ular measurTng device right through to the 

ultimate standard. Nor Is ther~ any gre,t need, 

because the degree of accuracy rl~manded I, on ea,y 

one for any reputabl~ ,r~"UraGtur@r to provide. 

measuring distances 

suCh ~ procodure i, q~oer"lly r~g"rded as being s .. f-

;tode,ignedrange. Here we have, 

in effect, a train of reference right fc,,~ the p.r­

tleularmeaS"ringdevlce up to the national 0' Intu­

national standard of length. Reput~ble "'~nuf.~turNS 

hav~ the oo"",~tence to make their guaranI"" of 'he test 

piece. reality; they do h ...... proper qu~llty conteol 

and rcf~rence through sub-standards to the national or 

internatlonal,t.ndard<. Evenhere,thou9h,errorscan 

ar15& .. hid, cannot r@adllybe detected. 

consr.tencyofgraduatlon,betweenzecoandtheclimeo­

slon of tl'le te" piece, can only b~ jnf.rr~d from th~ 

reputatlonofthomanufoetur&r.Ofcourse,useofo 

range of te.t piece. would reduce the ciskof orror 

a procedure Tsnot 

sere" t~ .... ad cf such 

4uoted above, It will be 

smaller,theneedformoc@eiaboratetestingoftl'le 

equipment tends to become gruter. 

Some kinds of measurement, howevor, lnvolve 

deviee. who.e constancy of performance i. much be 101< 

that of foot rule. and micrometers. In th~.e ,.<es 

it is not unu;.ual to find that whlle tho aec~ptab Ie 

tolerance5,e.pr .... dasapereent.geofthe.ctu"1 

woluemeasured, arorelatlvelylarge,thenonnol 

MEASUREMEIliT ICont'd.) 

'ddft' or change in perfonnance of the equipment Is 

,uchthatfreque"t.ndoftenquiteel.boratetest;ng 

is needed In order to k~ep ,,It,,1n the •• toleranee •• 

Such a .tate of affair, Is often, though not ucl",lv~1 

found In ~Ie~tronic device" Wl'Ien raced with these 

pcoblem< 1t is not,uff1clertt to rely UpC<l the repu' 

Kowe_vercon'cl£ntiousne 

from tl'leU50urces. 

Instrume.nts I. that 

oy a rls" In ""'pi i-

Acoustical ""a;~rlng eq"l~ment include, item, 

whlc~ come Into these latter categories; 

are $ubJ~et to both 'drift' and 'noise'. f'urtherroore, 

t~e actual "" •• ure .... nt. t&n~ to be hi gh Iy ,oph isti cote( 

demanding a compl~. array of critical components 

th~ on~ plee.. of apparatu.. B@cause of the5e 

c~tlons, It Is generally necessary to cre.te several 

tralnsofrefe,encefro",thepartioular;temof 

menttothenat!ooal (andlnternatlo".l) <tandards. 

Olagra., I shows SOrne of the reh,e"c~ "olns 

needed to prove that a sound level meter oonfo"". to 

St~ndard ASZ36, t~at Is 

lrdTn' "re,hown ilere a.passlng 

iest. The first step 

lo an Ind~pend~nt 

St~odard. laboratory. 

Most complex "",a.ur~menu, such os tho,e In 

acoustic,,1 applications, are "ade .~'Qrdi"g to ,~~. 

It I, cl""rly Important to obs~rve the roquire­

"",ntsoftheprocedurebelo9used,andth .. ealmo", 

always Include instruction. regarding the cal ;br~tion 

ofth@itemocitemsof"".,urlngequipmentconcl'rned 

It will often be found, moreover, th~t the ....... p;eM 

ofrrea.ur!ngequipment nuds eal1brotiofi by different 

proc~d"r@., or to dlfferi"g level. of precl,lon, <;hen 

applied in the v~riety of way. that may occur in 
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