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CHAPTER 5

Aural Reception

E. A. G. SHAW

5.1 I.....TRODUCTIO.....

Noise pollution is primaril)' a macroscopic ph~nomenon: a blank., of noise
<proad by many motor vehicles mo"ing through a nelwork of ~ily ",r~~I•. or
many machine tool. enclos<ed in a cavernous workshop. And ,t i. primanll' lhe
macr"""'pic characteristics of noise lhal <:aplure lhe attemion of lhose who
seek to bring it under quanlitali"e ronlfol, With lhi. broad peripeetive. noise
eo.ironmenu are commonly characlerized ,n lerm. of romprehen,i"e
paramelers such as lhe A''''eighl~d a"~rage ",und level and measured over
rep,esentahve period. of lime such as the w<)rk;ng day. Thi. chaplcT is
concerned "'ilh lhose a.pects of aural TeCCplion lhal pro.ide the scientift<: link
between the no;.e en,'ironmem defincd in lh~se broad leno, and lh~ human
acoushcal T~C~'VCT w,th ,I. un'qu~ charactuiSlics.

5.2 THE DIRECTIONALITY or TilE HUMA..... ilEAlUNG SYSTEM

A-weighling i' "idely used ,n nOIse mca,uremenI< and ;, a mandalory fca,uro
of sound le"c1 mClCri. Th,< pa,t,cula, frequcncy 'esponse i, somcwho' simila,
10 Ihal of Ihe human hearing ')"$tem in lhal il de..,mphasizcs Iow.frequency
sound' and provides muimum sen,ili'ily aroun<l 3 kHz. On the other hand.
mode", sound-Ie'd me'eri ar~ usually equipped wi'h microphones lhal are
essenlially omnidirectional excepl allhe highe" frequenc,es. In 'hi. respec'. as
we .hall sec. Ihey are marke<lly diff~rcnt from 'he human hearing 'y'lem, The
roawn, are clear; omnidireetionali,y simplifies Ihe ealibra'ion of sound-level
me'ers. improves lhc 'eproducibilily of sound-Ie"el measu",mcnl' and i< ,,-ell
adapled 10 Ihe quanlilati,'c eharaelc,i",,,i,m "f noise en,'ironment'.

The family of curves presented in Figure 5.1 .hows lhe average lransforma.
lion of sound-pres'lUre Icvel from ,he f.-.:e field 10 lhe human eardrum as a
functiOn of frequency al twenl;·IO<Ir angles of inc,dence ,n lhe h<)ri~n'al

plane. To minimize overlapping. lhe Curves are dj, ided into Ih",e groups each
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Fl~"r< 5.1 A'c..~. tran,,[Ofm,loon of """od pr<»u,o 1e",1 from ff., r..ld
10 hUrIu" ~.fdrum " a fu"",,,"" of I,eq.","l at ~~ .n~1<> of incidence in ,1'1<
~""()n1al plan" A"mu,1> e _ If ,oo,eat., I,onlal i""id<nee_ ""muth 90'
,0d;<.I<, lha' ''''HId ",urco i, faci"slefl"" AI'or Shaw (197-1<)

repr"",nlong 3 h""l{l "'<tor. It ,hould be noted that d"ttl mea,ur,men" of
'IOUnd p,,,,,.re at tile e.,drum are not cas) ond f." such mu,uremenlS h.,·~,

;n fact.l>c<o made, Th,· ,,,If-<:<>n,iSlcnt cu"es pre,;cn,ed he,e ,",'.re filled to

many kind. "f ,de'-"n, experimental d<ow colltcted in lwei". laborato,y
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~Iud;e~. in f1,'. countries o'".r a tonY'year period oo>'ering a tOlal of lOO
wbjt,,",' (Shaw. 1974<:). Such dl'. procC$Sing e1im,nates much of the fine
S,rUClur' seen in th. individual cu ...·•• but p"'''''''''.' the common character;,·
tics. For individual ,ubjects, the 'nponse cu""' measured wilh one·third
ocl.". band. of noise can be expected (0 dc,';a,e from 'he .'"C,age cu"•• by
less than 1 dB al frequencies below SOO Hz increasmg to 5 dB or rno..., ab<we 5
kHz.
M~l of the angular dependence ""en in Figure 5.1 is due to diffraction by the

hud and torso but the uternal ear al"" makes a signifICant contribution ., the
highe' f...,quencies. This is pa,"cularly .\·idcnt in lhe lateral S('C1or whue 'he
response is strongly dependent on the angle of incidence between J and 6 kHz.
This is largely due 10 diffraoion ., 'he rear edge of the pinna.

Generally .pea~ing. oceupalional noi$< tx"""ure regulation••pecify the
"""ition al "hich mea.uremenl. of ""und le"el are to I>t made l>ut ma~e nO
mention of the nalure of the sound field, (Mu.urements ma) . for example. I>t
required at the 'head """ition' of the employee during normal operation,.) It
i., ho"',,'er, clear from the $Cientific .tudie. "'hieh pre<:eded the regulations
(e.g. Kr)"ter.r Ill.. 1\166) lhar ir is pm"arily a random·incidenCt' (diffu$<) sound
field "hich is implied, Such a sound field is. in fact. a good deseriplion of the
acoustical en"ironment in many manufacturing plant...peciany lhose ,.-hich
ha,'e hard wall,. floors and ceilings and are therefore highly re,'erl>trant. Cut"e
A of Figure 5.2 i' pertinent to such an en"ironment. It ShOll,., a recent tsllmatt
of the a"erage respon$< of the human ear at the eardrum a. a function of
frequenq "hen the ,ubJect is placed in a perfe<:tly dilfu$< sound field (Shaw.
1980). Cut"e B. ,,'hich i' ta~en from Figure 5.L sho".., the average rc.pon..
when the sound field is highly directional and the source of ""und i., directly in
fronr of the subf«fs head (azimuth 0'). As can I>t ..en. the frontal·incidenCt'
re,pon", i. ,imilar to the d,ffu...field respon.. except at "ery high frequenci.,
(7-10 ~Hz), Thi' is fortunate 'inCt' the.. two ca.., may well be 'ufficient 10
characterize the majority of sound field, encountered in industrial en"iron'
men".

Tl\e situation is 'et)· different, '" ,oo"'n in Figure 5. 1. "hen the sound field is
h,ghly directional and the source faCt'S one 'ide of the head. At azimuth (fl', for
e.ample. the re.pon.. at most frequencie., i, increased by -l-S dB as compared
"'ith the response at 0' azimuth "here... , on the far s,de of the head al aztmuth
-(fl'. the response is decreased by ....12 dB. A calculation based on Figure 5.1
shovl-s 'hat the A·weighted sound I,,'el,nerea..s bl' -1.7 dB at the left ear and
decrea.., by 5.8 dB al the right ear when a 'pin~' noi.. source (equal
mean-square sound pressure per octa,") is mo"ed from azimuth 0' (frontal
incidence) 10 azimuth (fl'. Thi, \"anation in ..nsiti'·ity "ith source direction has
important con..quenCt'. for t"'- "ho are exposed to inten.. directional
sound fields, For example. it i. not unu,ualto find rhat people who U$< 'hot
guns and rines de,elop mar~edlydifferent amOunt, of heanng I"" in the t"'o
ears.
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Figur. S.2 Cu,,'. A esllma,.d "'<fage tr.n,fonnahOn of_nd
pr...ur. 1.,-,1 from dIll"'" (TO"dom·,nci<lence) >(lund fidd '0
haman e..drum as • farK1ion of froq.one} b.>ed on ,1><0,."••1
oonsido..uOllS and me',.,m"'"" ,,-Ith • rn<>del.ar Af", Sh...
(19801· Cone B >bovo~ free r",ld rtlpOn"" "'It" 1,,,,,,.1100<10,,,,.
(8 • 0") ..ken Irom Figur. S.l

For angles of Incidence lying outside lhe horizomal plane. lh. a'-ailabl.
informauon on ,h. dlf",,'ionalily of ,h. human htanng sy<tem .. Insufficlen' '0
"'arrant lh. prep"fOlion of .'.rage cur.. comparable '0 those pr...n....d in
Figur. 5, I How.,-.r. r••em s'udles wnh ",.,ce, near lhe ea, indicatelhallh.
re'ponse betw.en 7 and 10 kHz,s substamially incr'''<cd when lh. Wur'. is
"'en .lx,... lhe horizontal plane (Sh." and Teran,shi. I%R: Sh.,,_ 19n1.
Figure 5.3 sh""'s estimated a"erag( transformation IUlI<:tions for the .}'rnmetry
plane of the head at SOurce ele,·.,ion. I>e,"'een (f and t;O' ba!':d On the!': "udies
(Shaw. 1974a) The Slrlking ,nerea!,: in seen\lt"lt~ of the ear '0 >(lund, ,n 'he
7-1(l.kHz band. as the IOU"( is raiseed well ahove the horizontal plane. is
Teneeted in a .trong enhancement of lhe diffusee field re'ponsee in 'his frequen<1
region", .ho"·n in FiguTe 5.2 The explanation of this ,'ariallOf1 In !':ns"i,'il~

,,'i,h SOurce elna"on lies in 'he mode SlTuClure of the human e.•,ernal ear. A
!':I of shallow c'''ities. th( c",'urn. 'he eymba and 'he los,". bring the car into
tran""",,,, resonance in this ,egion c.u\lng It 10 aCI pTlm'fil~· as • d,pole
recei.'er ,,'i,h ,'er"c.l onent'l,on and. hene.. minimum seensit"'" In the
horizontal pl.ne (Sha". 1975: Sh.\\ 19K!a j,

3.3 RE:CE:PTIO....•A.... O pE:RCF:....nOS

When the d"ec"Qnality of human he.ring is disc".seed in the rontext of \<l"nd
Inel me",,,rernent it is implicitly a""med that the two ears operate seeparatel,'
.nd tha' ,ariati"ns in the recei'cd .peeuum are signtficant onl}' in·..,·far as
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they affeel the A-~cighted Ie..el. These assumptions. "hlle Justifiable In the
asseSSment of heuflng hazard. are Inapproprialc ~'hcn impor!ance is attachcd
to lhe reeeption of acoustical signal, in the presence of noise:.

In general. percep1ion is enhanced ,,'her-ne, the spen,al and ,palial
an'ibutes of Signal and noise are diSlinguishable .. ith re'peClIO lhe receiver
eharaCleristics. There is. for example. enhancement ...hen lhe listene' is ahle to
focus anention on a S1ngk m;ce among many in acr""'ded .......t;ng room. The
focusing of attention indudes lhe idenlifrcation of lhe chosen "oicc. especially
lhrough its .peCl,al characteriStics. and the percepllon of an aroustlcal spnee in
"hieh that "oice is separated from Olhe... Much rese.rch h.. been devmed to

the elucidation of meehanism, rel."ng the perception ofacoustical <pace 10lhe
eharacteri."", of the human rccei"cr (e.g, G.tebouse. 1982: Blauer!. 19S2a.
1982b). For prcse:nl purpose. it ...ill be sufficient to indie..e how the interau'al
difference of sound-pr....ure le"el. the interaural lime difference and the
monoaural ,peclral f.Clor rome into pla~' in t~'picalsilualions.

The n..urc of the monoaural spectrallaClor is c1earl) indicated in Figure 5.1 ,
Con,ide,. in partICula,. a broadband sound SOu,ce located in the horirontal
plane and mo"ing through lhe lateral sectOr from 1/ _ «:!' to 1/ _ 135'. It is
e"ident that ,he spec"al quali'y of sound recei"ed b)' the ear "'ill change
su[>stanliall)' as the source mo'·." from front 10 rear lhe.eby ronlnhul;ng '0 ,he
localization of the SOurCe and the form.tion of a spatial image. The inleraural
differences of sound p.....u.e le"el can also be inferred from Figure 5.1 b)
romparingpairsofcur..-e"uehas(1/ _ ~5·. 1/ _ -~5'), Famlhesofdifferene<:
Cur"es are presented elsew~e.e (Shaw. 197(0). As c.n be "",n. for 1/ _ 450
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Ihis diffcltll« anw~n15 to 5 dB at 500 Hz increasing to more than 10 dB at
highN frequencies.

It can be shown that the inter"ural time differen"". approach lhe following
asymptotic value. at high and low frequern;ieo:

l,p-(alc)(3s>n8)
IUF - (ale) (sin 8 + 8)

,,'here a is the radius of the head (- 8.75 em). c is the velocity of sound in ai' (­
344 mi.) and 8 is lhe Uimuth of the source (see. for example. Kuhn 1977.
1982). AI azimuth 45". tbe .alues of II.F and 'liP are 0.54 m. and 0.38 m.
respeclively. The high frequency value;" based on geometrical acoustics ...llh
Ihe assumption Ihat lhe ray Ira"elling to the right ear bends to match the
contour of the head. The 1o,," -frequency value follows from diffraction theory_
At intermediate frequencies (0.5 to 2 kHz) the s}'stem is disper5i'-e; as a
conscquel>C<:. the interaural time difference in 'his lransilion region depends
on lhe n31me of the signal.

These faclors. lhough much ~'udied in ps}'choaooUSlics (e .g. Jeffress. 1972).
seem 10 ha'-e recei"ed lillie allention in environmental aeouSlics. An exception
ooncerns lhe effeels of hearing proteC1ors on ~ival receplion. In One study it
has been sho"'n that the ability to localize sound source. i. lillie affecled by
earplugs bul is greatly reduced when circumaural hearing prote<:tor. are worn
(Noble and Ru.... 11. 1m), Other studies have been ooncerned ""h lhe effect
of hearing prolectors on the ability to reai'-e "'aming siVal. partially masked
by noise (e.g. WilkIns and Martin, 1982). finally. It has long been known lhal.
in high background noise I(\'el,. ,ubject. ",th normal hearing obtain .Iighlly
higher speech discrimination SCOres when wearing hearing prOlectors than
when unprolected. Howe'-er. a recenl 'ludy sho"s lhallhis i. by no means lrue
of subjecl$ with substantial bearing loss in "hich caS" the allenual;on provided
by the protector can readily reduce the .peech ,;gnalto inaudibil;ty (Abel er al..
1982).

5.4 THE HUMA:'l EAR AS A RECEIVER or SOUSD ESERGY

The performance of any aoouslical anlenna ,y~tem a, a sound oolle<:lor Can be
expressed in term. of lhe para meIer unive....lly used in radial ion theory: the
absorption crOSS-5eC1ion, For lhe ear immersed in a diffuse (random incidence)
sou"" field. the absorption cross-se<:tion Can be defined as the cross·se<:tional
area of the transparent.phere which. "hen placed in the ..me sound field.
"'Ould inlercept an amount of sound power equal 10 lhal absorbed by lhe ear.

Figure 5.4 show. recent estimales of lhe performance of lhe human ear in
term. of the sound po".-er absorbed al the eardrum and at the ",-a! "'ndowof
the cochlea (Shaw, 19823). As Can be s«n, the amOunl of sound power
extracted from lhe sound field i' very sman indeed at low fre<juencies bUl
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iner~ases by almOSl a factor of Lt)X) as the frequ~nel' ,nct~ases from 0.2 10
2.7 kHz (lhe principal r~sonanc~ frequcncy of lh~ human e'l~rnal ear). AI
th,s fr~qu~J\CY. th~ a!>sorplion cross·se"t;on is only a faClor of Iwo below lh~

th~or~,i"al Iimil ;.In..T sel by radialion lheor~'. With furlher ,nCrease in
fr~queney lhe a!>sorplion cross-section remains qUll~ dose '0 th~ Iheorelical
limil while decreasing in a!>solule ,-alue

BClow I kHz. Ih~ a!>sorplion cross_seetion at Ih~ o"al ,,·indow. though small.
is only a liule l~ss lhan lhe ctoss-section allhe eardrum This mean, Ihal much
of lhe sound pow~r ex"acl~d from 'he sound fi~ld is lranSmine<!lo Ihe inner
~ar_ Abov~ 1 kHz. hO""e,-~r, lh~ lransm,ssion ~fficien<1 of th~ middl~ ~ar

decr~ases progr~ssiv~l~' wilh increasing frequenq and.•1 high fr~qu~n"i~,_

only a small fraclion of Ihe sound power r~cei,'~d b) ,h~ ~xt~rnal ~ar r~aches

'he ,nn~, ~ar_

II is lempting 10 link lhe peak at 2,7 kHz with lhe len(l(ncy for
noi"'-induc<:d hearing loss 10 appear first in lhe '·icin;t)· of 4 kHz. While th~

characl~risl,CS of th~ e'lernal ear and middle rna) well contribute 10 lh~

ni(l(n, \'Uln~'abilily of th~ ear in ,h,s frcqu~nc) band. lhere is ~"id~nc<: to
sugg~Sl thaI lh~ characleri'tics 01 Ih~ eochl~a ar~ of gr~alcr ,ignificanc<:.
Ne,-enheless. Ihe frequ~n<1' eharacteri"ics seen;n Figure 5.4 dearly indicale
'hal lhe ear is well adap'ed to lhe receplion of noise impulses ",·;,h half-cosin~

durations of lhe order of 150-200 "". This has r~l~"ance 10 lhe measuremenl
of ,mpulse noise and lhe esllmation of hearing hllUlrd_

5.5 SO~l) PRfSSURE MEASUR.:~n:STSWlTHIS THE EAR

As "'.• h"'e noled ~a,lier. industrial noise exposure is generally defined to

lennS of lhe A-weigh'ed sound-pre..ur. l..'el of Ihe sound field 10 ",hieh lhe
employ•• ,s exposed. Where h.anng prOlectors are ",-om. a suilable allowance
is made for lh~ ~xpecl~d sound anenualion base<! on published dala and olher
cnl~"a (Shaw. 1979). An allemal;'·. procedure "'hich could. in prinripl~ _find
"ide applical,on in industry takes a~h-amage of recent progress in transducer
technology, High-qualily microphones are no",' avatlable wh,ch are SO small
thaI they can easily be placed inside the eXlernal ear. This makes it possible 10
monitor lhe sound-pressu,e l~"el "',lh,n ,he ear and. hence. oblain values of
no,,,, exposure ",-hich lake imo accountlhe eompl~X11yolthe sound field Or 'he
use of hearing protec-rion as well as "arialions in sound le,-~I and sound
speClrum .. a function ofl,me

To be useful. me..uremen1S wilhin the Car muS! lead '0 dala lhat can be
"""uralel) related 10 lhe limilS specified in noise ~xposure regulations_ In
panicular. il is essenl;allhar lbe placement of ll>e microphone lake full aceount
of 'he "-ave propenies of lhe eXl~,nal ear_ 11 h.. been shown lhalthe cavum of
lh~ con"ha is a panicularly anracri'-e location for ,he microphone sine.
pressure measuremenlS within lhe c",'um are well correlated with lhe
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Figo... S,4 Cokulatcd abwrplIOn ,,,.,.. >cclIon of numan ear l>

• fUIK,i,," of frequency at ..,drum (upper "",,'oj .nd ., "'01
""il>OO>o of «>elll•• (10"'.' CUI"') ba"'d on network r.pr~"la·

non 01 m'<!dle.ar and on me",,,eme,,,, ""til ph>~iCl.1 mood of
.""""Ieu. Broken Ii~ """,.. 'heo"""""II,m't "". func1ion of
wa¥dength of !iOUnd i.. From Shn (198:2.)

sound-pressure Ie"ds al the eardrum and rel31;\-.I)' Iree from mea,urement
arlifacts (Shaw. 1974bl. The cavum is also a "ery ronvenienllocation lor a
measurement microphone (= Brammer and Piercy. (917).

Figure 5.5 .hows measured values of the transformation of sound.press..",
level ftorn th. free field (fromol incidence) 10 lhe cavum of the concha for four
subjects scated in an anechoic chamber (after Brammer and Piercy. 1m). A~
can be seen. the repealabilityoflhe data is excellent and lhe IOlal spread 01 dala
i~ Iinle more than 2 dB up 10 SOO Hz and only uceeds 5 dB in 5 ollhe 19 !I.l
octave bands. The average Oll~ dala (graph line in Figure 5.5) ran be
rombineJ with the difference be'",een Curve B and Curve A in Figure 5.2 10
provide an l':!ltimate olthe average lranSlormalion ohound·pres.ure Ie"el from
a diffuse sound field 10 lhe ca"um. This is sho",n as Curve I in Figure 5,6. An
independenl e.limale of lhlS funClion can be oblained by combining CUr\'e A
of Figure 5.2 ,,'ilh informalion "'hich can be inferred from the "'ave propenies
olthe utemal ear (Shaw 197-k). This is shov.n as CUr\'e Il in Figure 5,6, Tb<o
differences between these rurve. ran be ""ribed in pan, at leas'. to real
,"arialions in the amount of sound reaching the cal' lrom any gi'"n sound
field due. lor uample. 10 ,'ariation. in lhe absorption of sound by clolhing. In
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Figu'e 3.6 bhn"'e, of .,·e'al\< 'T.,,,fo,m""'n 01 "'''lOt! poe"u,. le"ol
lrom diffu'" (ranOOm"ncidence) "lUnd field to e.,um of ."e,,,,,1 oa, "'.
IUIK1IOfl 01 I'eq.......,.. Cu,,'. I F,om Fig"'.' S.2 and S.5. Cum, II F,om
Fig 2 arid Shaw (1'f14<:). Cu,,·. III S""""h ru"e p",>p<»«l for pra'''''.-al
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m

any e'-enl. 'hese differe"""" are no, large al mos1 frequencies (1-2 dB hel"..., )
Hil) and. for prac"cal ru'p""". can !>es, he handled by d,a"';ng a """"'h
cu,,'e such as Curve III in Figure S,6 which can ,.,,'. as the link hel"ecn
'in-ea,' m.aSurem.nl~of sound-pressu'. le'-el and noise e,posu,e 'egula­
'ion~. To ,mplemenl >Deh " mea~uremenl syslem ,I " llttt's.<a'y '0 exlracl
A-weighled sound le,'.ls ... hieh are equivalent to those ,pecified in the
,egulalion~. Thi' Can be done hy inse'ling an addi'ionai "eighling ndwork.
which i. the inve... of Cu,,'. Ill. al a ,uilable poinl in Ihe rne""uremenl
~)'Slem (e.g. in Ihe mi<;rophone amplifier eire"il).

The me"urement of ""und-pressure le"el~ ....nh,n 'he ea, prov,des a mean~
of <letermining noise-exposure le,'.b "'hieh cannot be me"ured by 'landJfd
melhod•. Thi' ,ecbnique i' parlicula,ly wilw 10 noise-Inti measuremenl~

where ,he ear is eovert<! by earphones Or protect,,'e clothing. It has also been
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su=~fully U~ to mtaSulC the nOI~ exposures of mOloKyde riders and
indu'trial ,-.hide dri\ ers (Brammer and P;.rc~. 1977).

5.6 SOU:"U PRESSURE ME"SURE'IEJ'o,S WITH
BODV.MQUlIoTED MICROPIIOSES

It is oommQn praeliC<c to mon,'o' human noi~ exposure with instrument, such
as the personal noise dosemeter ,,'h;eh use body-mounted microphone•.
Unfortunately. lh. A.welghted ",,,nd-press,,,.., ~"el mu,uTed ",jlh a mk·
roph""." mounted on a ....orkers shoulder. breast pocket Qr helmer ,s nOI
nu..... rily an accurale measure of the sound field to "hich he is ex!",,<"d.

When" small m,crophc>nc is pla.ed nn the ,urfac. of 3 rigid impel"";ouS
obslade Ihe mea,ur«l ",und pr.ssure is. in general. different from 'he
pressure in the free·foeld. Figure 5.7 silo"... how Ihis difference '-aries "..ith the
"'",'elength of sound ;, and 'hc angle of Incidcn<:t e for a iphcTlcal body of
radlUi a (Sh.", 197Ja). A' can be <;cen. there arc incrcase. in sound pre..urc
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Figa," ~,7 Cakul.,cd lr3nsfOfm.,1OIl of""'nd p«»Uro
1e".1 from froo held 10 a p<>lnt on a hard ,phere of ..dia,
0. "" • fa!>C1iOl1 of "L~0.11. for ,·.,iou, "alao, of ••imath 8 of
incid<nt pia... wa....' After Sh.... (1974.). Froqaoncy
scale "' boll""' " fo< • >phero of ,ad,u' IJ.7 rnl

fOpte>entlnS human u""" B'oken II ... """". ,..",.
form.tlon from d,ff",. field to ,phere ~...d on Kahn
(1979)
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1e,~I ..-htn 1M microphone ison 1M "lmihfsidcofthesphtn: (II _ O.4S".nd
-45') and comp;ml1i,-el~ lillie change ,n 1e,,,1 ., ~razinl illl."idtna:
(6 _ :::90"). On 1M 'dark' side of the SJlM'C (C-8- fJ· :::135") tMre: 're
dene..... in ,"",,1 Uttpt for the: "bollll JPOI' 11 1M centre of 1M dark SIde
(6 _ :: 180") ",he.., IMfe is I smaD ,ncreitlC In k>-cl. 1'h<c,c IS aIoo an ,nereitlC

,n "",.,1. "",101""" b) 1M broken hM In Fifl'" 5.7...ben the opherc is p1attd l/I

• BIIdom·incidentt sound fiC'ld. All of Ibn<' dfeeu arc 5igrnfic:anr "'hen the
..-a."ckngth of sound is aIIIIparabk ""lh or cECe<h 1M arwmfc'"",« of 1M
spMf(:.~ frcquencytak "'lhe boIlOll ofF"1pft 5.7 hal been draW'll for tM
""I"". _ 14 <:rn. '" bod....ppn:r<......"h 1M radll..of the haman 10l\<l (SIll... _
\9741) 10 p'" a rouJII incbc:lllon of the: I'IIa#Un.lk of tbt <hffnction clreen
..hldlarc 10 be upeete<l"~lhbod,·,.'Ol'llm~_

"'Mn 1M obu~ is CO'"r«l ,,"h SOUnd-ltKort>I"! rm'tnal.•IM: "",n<!.
pl'nSIlf(: Ie'eli 10 be c~ptC1C'dan. 1Il1cllIIrai. \000.." tlwltho!c in<bcaled ,n
fi,orc 5 ~ Al hIgh f~ueDan. lhlli hal been oonfirTmd UlXnmcnf1lll~

UnfonulUld~. tbe experimental C'OI1dlllOnS 1La.·c .,me'd from stud~ to 'l~
Ind lhot mull. ha,'c .-alied :KCOrdlnl1~_II IS Jlo,.,-~~tr "'1Kth nol:ing lhal Kuhn

------
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SlIiO<d IlrI:I probol>k TlllF of ''li'X>. Fl<lIII SlIn­
(11IMt)
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Figure 5.9 Tron,formoti<>n of 1<)"00 pr.",,,r. ,.,'01
f,om doff",," (... ndom.incidcn<c) ",,,od fiold 10 '0001­
de, ••• f"octL"" of hquc""~ Bro••n hn. sho~.

,~.ti<.j <Uf'" I",. hard ",he,. of '"~'"' 13.1 ""
~d on Kuhn (1979). E'p"n~n..1pol"1< sho~ da..
ada",¢<! I,,,,,, ,...., np<nm<n..1"ud;n ,,-i,h a hum.n
..b",et and> mannikin clothed ..-jth .Inn Of jockel.
Shaded un Indicates probobk Tang. of ,....1",,, F",m
ShaY'- (l~b)

(1979) na$ reponed ..,uh, for a to,<o·moumed mlC,ophone on a hare pla,lI,
mannikin ",-hieh are in good agree mont uilh the broken line in Fj~ur. 5.~. The
nperimenlal data shOwn 10 figure 5.S are drawn from four Studi", using
microphon", mounted at 'he eh.,1 ", brca>! pocke' po<itlon on human subjects
or dre'oed mannikins (Sh.", 1982b\, The original measurement, "~r~ mad<­
.. ith o<la\'( bands of noisc, on~'lhird o<la'e Nnds or pure lon~s and lh~ data
are presenled for a random Incidence sound field. $ome of lhe .pread of dal"
,an probably be amibuled 10 differences in lh~ weight of clolhing used and
differen"". in the placcmenl of ,h~ microphone There is, howe' cr. no
consisl~nl pa1t~rn and on~ is forc~d 10 ronclude thaI th~ .haded area in Figure
5,8 i' a realistic mdica'ion of lhe uncenaint) which i. pr~sem .. hen
m(aSur~men'.arc made .. uh body·mounted microphone. in a random·incid·
ence sound field. As can be "'en. thi' uncerta,n" range. from 2 dB a, 250 H~

106dBa15kH~

Two of the four authors cited in Figure 5,8 also m~de measurements" ilh the
miCT<lphone mounted On the .houlde,_Data for 'hI> 100allOn are prel<:nted in
Figure 5.9, This small pool of data indicate. that _for frequencies grea'er than
2 kHz, mea'uremenlS of wund'pressure Ie' el at lhe 'houlder position are less



Auraillra:p'i(m '"'
...bj~et to unc~nainly than m~asur~ment. made ",ith a cheM-mountcd
microphone. Howner. lhis advantag<: ,'mually d'$3~3rs"h~n th~ l"C"lpon'"
to pio~ no,,,, with A-w~ight,og is ron,id..~d.

In both ca"" it can be inferred that the use of hod}'-moun'cd microphones
imroduce. an unccnaim) of approximately ±2 dB ,n 'he A_weighted sound
k,'clmea.ur~m~n,
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