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AND ITS MEASUREMENT 

ORALlSTS nlny debote  
whether the \vnrld i q  Iwtter 
fnr the Inairy tccl~nolngical 

aclvnncr~s of the past ccnt~uy,  lmt no 
nnc can clcny it ic i~nisicr. !Then mmi 
flies n ietlincr. t-ruild.~ a skyscr:~pcr, or 
[)pcl.ntPs n factory, hr makes noise-a 
Ir,t of it. I t  swms thnt ?*nu can't do big 
things :..;\r.ithnl~t making big noism. 

Th~t mail the noi-wmakcr i s  RISO mRn 
the noisrchnscr, spellcling mnny millions 
of clnll;~rq mch year tn ~ C C ~ U C ~  itt)isP. Thr 
dirrct mst f l F  devices, m:ltcri:~l$, nncl 
labor is I:ugc, I ~ n t  nnly pntt of the stclry; 
ntld thy cost clf cRricmry ~ncl-ificrrl in 
nutomtibile and jet engine noise muf- 
Rcrs, ant1 you have nil nnn11:11 pihicc fag 
\veil over $100-million. Of this amount, 

_, t h e  rclntively smnll pxrt spout  on 
noise-rncilsurin~ c q ~ ~ i p i ~ ~ c n t  must Ile 
uo~isidcrcil R Lnrgnin, for tncnsurcment 
ir  the n111y way of telling n*hrthel- the 
w ~ t  nf the money is wisrly spcnt. 

>Jan is really the irltimntc ~mise-nipns- 
  iring swstem and the sciencc of noisc 
rncn~t~rcmcnt i s  nften nn attempt to 
rnenstlre noise the way thc I-rlirnnn me&- 
anism docs. Of pliinnry intrrrqt is tIic 
concept  of loudness, tciudncss is a 
pnrcSy subj~r t ive  pmarn~ter, heyour1 di- 
rect physicnl rnensurcmcnt. Ritt i t  iq sc- 
IatecF to the pressurc /eve1 of thr so~ind 
(sotlncl hring a vorintinn in i~r~rmnl at- 
mospheric pressure), nilrl thiq relation 
provides the starting pn in t  rlf noise 
measurement. 

Sound S r r s s ~ i r ~  Lm-cl R- I ~ P  Drcibcf 
I Since the tcrm "decit,el' is often 

al~used, we will Erst state \vhnt it i s  
not. I t  is not a specific qtlantity, l ike n 
ton. or a mile, or a minute. It is r~a l ly  
the logarithm of a rntin of onr quantity 
to n n~fcrencc quantitv. In noisc mras- 

urement, thr rcfr.rcncr c~~rnntity is a 
pressure of 0.00(31 miooh:~r (rlylws: sq. 
cm. ) , ~~F'hid~ i s  ;~lloiit tJlr P~C.TFII~-P of 
t l i ~  \%*enkcst srjuncl tlult can Ilc henrrl 
bv a pcrson \r,ith very good l~enring 
in n I cry quit-t pyncc. I>ricb n~icrnh:~~, 
pressllra rquals  npprnsimatcIy one- 
millirinth of normal i~t~nosphcric prrs- 
s~irt.. The r:mCr of prerqurps drtcctaljle 
by the Fll~rnan car is so Errat tIl.it it iq 
ensicid to lise d~~iE~tnls. tltnlr 111icrob:trs tn 
eKpTP.FF s t )~ i i~d  prtasrlur Frvrl. TIIP rt~1:t- 
tin11 is sor~nrl prrs.wrr /r3url (rlh) = 20 
In:! (P J0.0009) xuhcrc. F is the roclt-mmn- 
squnrc sc~nnd pressurc i r i  n~icrn\~ars, for 
the son~id II I  qi~cstiuri. 

Wlier~ you use the term clr'riJtr*I, thm,  
tVau sf~nrllcl keep in mincl tl~r r~ lcwncc  
level you are 11~iilg ill thc implied UO~I- 
parison. T ~ P  I Y : . . ; ~ ~ ~  i s  r ~ f t r i i  .;tatt,rl 35, f o r  
irlstnnce, df i  rr O.ORflI" r b n ~ .  

hfust cvcryd:~! soutirls lie i l l  thr r:lrigc 
from 513. to 90 db. It's douhtftil th:lt 
yclu'vc cvcr h ~ a r t l  n nniw Inutltbl- tllali 
140 db. Fip. 3 shnws wIiere somc corn- 

L. 

mou noiscs lie nn thr* dl, sonlr. 
Oiie last worrl nkot~t thc clcoibel: 

You'll notc From thc abuve ~ q t ~ a a i o n  
thnt it's logasith~nic, a i d  yo11 rn115t con- 
sicIer this mhcn comI>inii~g drcil~c.ls. T w n  
60-c1l1 noises rnrnl>il~e to prfitlucc :I 63 
{not 120) dl1 nnisc. 

The ear's s~nsitivity varicq t r ~ i t h  frc- 
r1rwicy, nlrd dro tc-qpnnse cr1n.c itself 
val-ips ~irith sound prcsulre level. If w7c 
are to rel;lte snilnc! presstire ICVP~ tn thc 
subjectiv~ concept iorrdnc.~.~. i r v r  must 
cornpci~sate for t I ~ c  rnr's frcqucncy re- 
spneisc. This rcspnnsc is slln\vn ill Fig. 
1, where all points on any sin& clirve 
rep rescn t erlu:tl snund pwssure Icvel. 
Thcse clrrves arc hns~d nn ~qunl-lla~id- 
ncss contours determined by Robinron 
ant1 DncI~nn at  the N,ltiorrnl P h l - ~ i c ~ I  

Lnbnmtory ,  Tcrlrlin ytnn Eiigl:unr?. Notr 
tho peak rcsprnlw 35 :~E>o~it 4000 cycles 
nntl the SII~IS~:UI tin1 r<llj-nff I~elow a Feiv 
Iiinldrerl c!-clcq. lt'c c;tn Gee fmni this 
ull:u-t that :t st~urrd nf 80-rill sound prcs- 
silr-c 1 ~ v c l  sounth 90 pFirjns "Fnuil" nt 
4100 u l ' r . 1 ~ ~  hut only I10 phnns "10url" 
:it 45 cycles. ( A  phon ix  a tinit ttf 1o11d- 
npss lo\.cl. 0 v  rlefinition, the number nf 
phnils cqunls tl~r ntin~l>c,r nf dl, of on 
cq~tall!. lour1 I OI)O-c!.r,Je tonc. ) 

The Infcn.mation~ s11olrw in Fig. 1. is 
I3nsrcl oir rn:lily espc.riments lzsing n 
pure-tonc sourcc. Sincr most nniws arc 
not pure tnnrs ,  snmc experts p r c f ~ r  
rcTponse data hnserl nil rnntlnm-nc~isc 
capcrirnents. Rut  nlF agree t1r:lt somc 
crrrnp~nsation f n r  tlac In i~c ln~ss - t ; r -  
freqiicncy effc~ot must be incorprrratetl 
in any rcnlistic noise mc-tlsurcment that 
is ~ ~ s c d .  

.Ilirropftoves for itroisr Jllrasirrr~rn~nt 

Kt~isc  mrasurcmtnt nlnrnys bcgii>s nt 
:I ~nicruphonc, tlrc liInce \t-l~rrc soitnd is 
cr~n'r.ci.tcrl to voltage. I f  the voItage out- 
p11t du~sn ' t  cor~cspnncl 1.0 the sounrl 
Cirpllt, thc mcnv~rrmcnt \vrll not givr 
cl)rrc.cl rcsult~. For thi i  ronqon, proper 
rlirlicc r j f  micropllniie is all-irnpr~l-tnnt. 

Threc types uf inicrophor~es are used 
in noise m c n s ~ ~ n ~ m c n t :  piezt,clr*ctrio, m- 
pacitc~r, ant1 rlynnmic, Of thcse, the first 
t\tro :up most ~ v i d e l y  usccl in snund- 
Ievel m~nsur-clncnts. 

The most popr1l:ir microphniie for  
sound measurement has long becv tlw 
Rocherlc-salt pfczoclectric type, favored 
for its Pligh output and good f r eq~~cncv  
response. Its m,rjor rlr:l~r;lack, kno\v~i by 
anyone who ever I& one in a closed car 
on n hot snrnrner day, i s  its se~lsitivity tu 
tcmpcrnh~re a ~ ~ d  hlrrnic?ity. 

A fairly rccent development is thc PZT 
(for lead titanntc-lcnd zircr~nnto) piezo- 
electric rnicrophanc. Tlie PZT offers out- 

- Man, the  noisemaker, spevds miljions each year to reduce noise. In 

ordpr to check on +he e*Fectiveress of  his remedies, instruments must  be 
C I S P C ~  to measure rloise lev~1. Were is !-row these instruments do their jo5. 



A s o u n d - l e v ~ l  neber being used to check rhe nolsa leve l  inside an airliner. 

put and frcqucilcy response compnrnl~l~ is the sotirid-level mctcr, an cxample 
to those of the Rorhel1~-salt micn~phonc, of which i s  sllonn i ~ l ) r ~ v r .  I t  incllrrles 
without the t r o ~ i b l ~ ~ o r n e  t~mpcrature a rn i~ropl ion~ to pick up the solind Ile- 
charactrristics. The PZT rniclnnhonc is i r ~ c  mcanircd. a culibratrcl nttcm\iator. 
~fi ining fitst acmpt,lnce for its elrctric:~l 
exwll~i?ce and rensonnl~le cost. 

The mnncitor microahone takes thc 
prize for freqncncy rehponse a n d  also 
(wouldn't vou know) for highcst price. 
It requires a sm:rcc nf polarizing voltage 
and a preamplifier rrght a t  tlie micro- 

phone itself. Fnr most measurements, 
the diff~rcnce in frcriueilcy rcsponsf bc- 
tuaen the mmn~rement-type PZT :uncl 
capacitor micl*r~phnncs \could not juqtify 
the considerable difference in cost. Still. 
if YOU need optimr~m trequency response 
aljove 8 or 10 kc.. the caaacjtor micro- 
phone may be ~vorth the rliffprence. 

When a piezaclectric or capacito~ 
nlicrophone is used a t  the cnd of an 
extension cable (as is often desirnMe 1. 
correction factors must 11e :tpplietI f i r  
cable length. The dynnlnfc n~icrophone 
does not reuuire these ~orrectio~is ant1 

\vdgIitErlfi tict\vr,rks, an nrnplifirr, and 
an ~!ldic.itflig mctcr. The wcightir~g net- 
tvmks, hnsorl orb fr-etrrirnc!.-rcspr~list. data 
similar to that sho\vn in Fig. 1, repre- 
sent an attrmpt to c.nnvr,rt i':lrv sn~lnrl 
prcssurp into snrncthing Innrc I cprcsrnt- 
:itive r)f  the \r7ny \vc hear thrngs. Spccl- 
ficatinns for ~ ~ e i d l t i r i g  networks arp 
st:~nil:udizpd in t h ~  ASA "America17 
Stnnrl:ii-d fur S{)uncI -Levy1 h4etul.s for 
the M~nsrircrn~nt ot Noisr ancl Olhcr 
Snunds" (S1.4.1Dfil). S ~ P  Fig. 2. 

Soltncl-level rncte1.s Lnmc in :I variety 
of sliaprs a n d  sizes. Pcrhaps th' sinlplest 
is ;I sn~ir~d-swvcy mrtcr. Strictly speak- 
ing, this i'i no t  :I sound-levcl meter ( i . ~ , . ,  
it cluesn't ru)inplrtely conform to the 
-4SA sprcificatioir rnvi~tiuired abnve), but 
it docs mcnqorp sounrl-pl-essiirr IerrI :~ricl 
rlocs incluclc weighting nrt\vnrks. This 
irlstrurnrnt is small. i n ~ x n ~ n s i v ~ .  2nd 

is, therefr~re, often 11scd in srich agpli- casy trl usc ;~ntl is wry popu1:lr with 
cations. the marry people who mni~t me~+e!v tc~ . -  - 

nlcasurrb. say. r r l ;~ t~ve  lourln(~ss of two Snund-Lear~l i l l ~ r ~ r s  similar snuinds. or nrho ~vmit to m:~kc 
The basic noise-measuring instrument "beforPw and "Aftpi. noise checks ill thc 

PIYICPFS III 1ioise-pmufi11g n mnchine. of- 
ficr, 'te. n ~ c : ~ u s c  [I! its ~rn:dT size ancl 
!):itt~i'!' r~p~~rstioil ,  it is a11 trxcc~l~nt dc- 
vice For making spot cliccks of nnisc 
almost xi! n+h~re .  

Thc ttne souncl-level meter is a 
"must" Fnr nnyrlnr w h ~  is tmdertnkinp .- 

scricnts nniw ~n~asr i r~lnr i i t s .  ,4 gontl' 
snu~~cl-lcvcl mrtcr hnasts n sensitive, non- 
tlir.rctionnl microphone, a precise attcn~l- 
ates, a built-ill cnlibmtor, n choice of Fast 
or slo~i, rn~'tt,r rt'sp(EnsP, pruvision for 
usirig nther input tr,m~duc.ers ( TIIVII ns 
n vit)mtin~i pirkrip ur ;I special-purpnsc 
~nicmpI~onr) , ant1 nn ar~xilinrv uutput 
cmii~cctr,r, sf, that the oiltpllt can bc: fcrl 
to :in niinlvzrr or recorder. If the snunrl- 
l ~ w p l  ~ n ~ t c r  is to be lssctl in t h ~  field, it 
sho\lld cor~tain its n\\.rl pourer supply and 
bc light~i~right nilc? cnsy to cnny. 

The 3400 or $500 paid h ~ r  n grind 

Know-l~dge OF the f~cquenuy spectnlm 
rlf n noise 1s nRen very valrinI111:, espe- 
ui:all!r \vhr,rni ynll arr trying t tr  trnuk r lo\\ j~~ 
n qperiFic noise mmpr~nrr~t .  Tlie sounrl- 
levcl rnrter, erVm ~ r r i t h  its weighting 
networks, r~veals very little ~ F ~ i n l t  frta- 
rlucncy distril~ntion. l3y fcctling the nut- 
p i t  of thc sn~rnrl-lotlcl lncter to a n  
:~~~aly;rcr .  Iinwc-vcr. you can   ti in^ in" thc 
I ~ O ~ F C  ill just nilor~t any part of the audio 
sprctrum. 

Sor~nd nndyzcrs m:Iy hr tl:tssi6~d l)y 
F,nutl\vid th. or selectivitv. charactrristfes. - . .  
T11c   no st mmmon typcs have lxlnrl- 
widtl~r tl l :tt  : I ~ C  :1 c~r is f :~r~t  Frequency ar 
:i crmstnnt purcPnt.:1ge oh fr~qumcv.  d 
typical cnnstai~t - Frrquency - I~anrlwidth 
analyzrr 11:)s a respnnsu with a Foitr- 
cycle flxt top and vrry high rejection 
rmtside tlrr passhanrl. T31r most crmmon 
coi~.sl:iri ~ - ~ ~ ~ ~ ~ ~ I I : I ~ ~ Y - I X I ! I < I \ V ~ I I ~ F  nllnlyzcr 
is the UC~AVC-hand 3ni1lj~zer, which con- 
tdfns a srt trf b;ri>dpass filters. cover in^ 
ASA-spcrifietl uvtnve frrlqu'rl~y t?!~:~nils. 
0 t h  alinlvzors lire 11:tl!-octa\~, thirtl- 
octnvc. ant1 c\.cn nnrl-rnver I>al~dwidt!is. 
\Tit11 some i~~stiilmen ts. yr)u ann slviit-h 
tc~ :~ny O ~ I C  nf two or more chnmctrris- 

Fig. 1. Lcudreesr for constant sound-pressure levels ISPL). 
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tics, dcprilding on thc application. 
The nar ro~vr r  the l>nncf\r~idtll, thc morr 

infc>sn>atinll c:ui Ilr g:lfned from t l ~ c  anal- 
!*sis. Therefore. the nnrl+o\v-band ma- 
Iyzr~s roj.e:ils lnticli mow a l~o t~ t  t h ~  11oise 
than tlnes tFic ncltavc-band anall-z~r. Rut - 3r most 11oi~c stticli~s, the oct:~vc-hnnrl 

'ir~alyzcr is entirely aderprnte. ant1 bring- 
ing in a n:trroir.-b:tnd annlvzrl. would he 
I i kc Ilringing a telcscrlpc tu n Fr~otball 
qalne. 

Impact-typp noiws require spccinl 
hnndling n11d :I special instrtlrncnt, the 
ilnpact-rl(~isr : I ~ ~ : L ~ ~ Z P C ,  is the 11111y WII- 

~ c r ~ i r . ~ t t  way of rne:lsuring significant 
properties, S I I C ~  as p i d  Ievcl ;md clur- 

L ~ w r l  recnrrlers arcn widely ~rsecl tn 
chatt dntn trl~nl sori~~rl-level meters and 
analyzers. T h r  lrse of the recorcl~r g r ~ a l l v  
E n u t ~ a ~ ~ s  thy ~iseEulirrss of noise-~I>:IS- 
tu-ing <~rliiipmcnt. Far instnnur., a ~ou~ ic l -  
I've! lnctrr svt up t n  rnonitclr traffic 
noirc at  ;I cor-tnii~ spot cnu 11~s h f t  [in- 
attentlcrl nl-lilc a rccordcr charts noise 
f c v d  t:,$ titnc. Ry rl~i\ning n rccrrl.cfc.r frum 
a S~I IT IJ  n~j:llr zcr (in tu rn  rlrivrrl from 
a snr~nrl-lr~mcl ~nctrrk,  !.on oilti plc~l the 
curi7r of n~nplitiiclr. l;s fretlllr,ncy of 
nois~.  And, r r f  ru)tn.sc, in :tlmr~st :my tvpc 
of n~eilsurerncnt, it's nice tn c n record 
on P"11'"'. 

t\nothci t y ~ w  (tf rrcnriltlr-thv t:~pe rc- 
corrlr~r-can I ~ P  I I S ~ C ~  t n  prese1l.e a nnise 
;nr latcr pl.~!, hack for I;il~orntory :~ i~nly~is .  - Fur this t>pe nf wrlrk. n Iiiqh-q~~;~Iity 
lnagnrtic t ~ p c  r r c~ rd (* r  must hr, ~ ~ s c r l .  

Othrr accc2ssorit.s Fot~nd in the \\>clI- 
eqi~ipperl noise Fnt>or:~t~~ry :Ire c:~libra- 
tnrs. hotl~ ~ l r e t r i v a l  :inrI actrustic:il, to 
i t i s ~ i r ~  : I L . c ~ I ~ . ~ ~ P  ~ T l ~ ~ S l l l ' ~ ~ ~ ' l l t F ,  sprcial- 
purpnce ~nfrrophonys ( tr lr  very high 
nuise leverr. for inski~icr ) . tripod, &en- 
~ ~ I J T I  r:il~l~n\. t~scill~)~iv~~~~~, ;i11t1 j,i!)r:~ti<111- 
mcasriring apparatus 

Snrnrtiinrr w i se  m~asl1rr.nlrnt simply 
means h:iving R S O ~ I I ~ I I - S I I ~ V C ' ~  meter tell 
ynu that the tioise i q  so many dl]. Some- 
times it ir~volvcs much more. I t  all de- 
pe~iils LllF the ilnture nf the prnl,lcrn and 
Iluw rniicIi it's worth to solvc it. What-  
ever t h e  rneas~~remrnt ,  you ~i.ill bc tising 
n srlrrnd-level r n ~ t r ~  r~itller to ii~rlicate 
iir~isc levcl 01- tn f r ~ l  311 an:~lyzer for 
further i~itcrpretnti~>u. 

A snrlnrl-le\*el meter is docepti\*ely 
rB:ls!? to 11s~. You t t ~ m  it on, check its 
onl~b~-:ition. place its microphone at thy 
derired point nf mcn;lsrIremcnt. switch 
to nnp nf the wcigl~ting net~vorkq (A .  R,  
or €1, nncl turn nn attenttator switch 
until thc metcr gi1.e~ an on-scale inrlica- 
tion. The souncl Ievel is indicated by 
, the sum af the meter reading and the 

Fig. 3.  Some typlcal noise Isvrls. FIgums 
In parsnthsses indicale the distantor fram 
the noise 5outcsr lo the round-level metcr. 
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nttenmltor swittli se t t i l~g  tlwt i s  r l~rd .   in^ t h t ,  struncl-1rvt.l intltt~r in f w n t  of 
As !.<,,I (.:~n src, nlanip1~1,iting tl~cl rorl- him as if he wrre t:\kiiig iir sn:~pslmt of 

trols r ~ f  a F I I I I I I { ~ - ~ C V C ~  meter i~ chllc!'c the nrlisu. By "l>:ick~trt~,~~irig" the nnisc 
play. Pi~sit i o i ~ i ~ ~ f i  the n~icr.r>phoir~ prt >I>- in this rvny. thp rnP:l.;lir?r rlivtm-ts the 
crly, rletrrmini,~g the pffcctq of l > : ~ v k -  tn~.~Pa~rrmeilt. TIw rc~o)mmrndcrl pnqi- 

ground noisc, , ~ n d  d e r i d i a i ~  rvl~icll 
\\Ti~htinc nrtwvork to ilcu ;ire sli~htl! 
mnrt. c~l!nplic.ltcd. And iiltcrprcting tfirb 
~.esi~!ts. asscssin r the v:ilirIi tu nrlrl sic- -\( ,. 
nifiwnk of d.tt;i-these nrp things thitt 
t:ike no is^ rne;isurt.tnel~t out of the littlr- 
leafiur class. 

Slost microphones liscd it1 ~nunrl 
rticasurcrner~t itre csscnt i.il!y noti-rlil.rv- 
tion:~l ; ~ t  low fl*rqut.ricics, l ~ u t  shnrv snlnrb 
dircctioi-tal rffccts op \ ~ F I c ' E . c  tl1c size 01 

the incidelic~. \\ lth \vllirIi tllr ';.nutit1 
strikes. Notv a prrssil~lc tliftrrrb~~cc ot- 1 - 

t; rll, bct\vucn 0 :untl t)rl r l t n p c ~ n  ~ricirltv~c<m 
at 81100 cyclcs. Given .I rnic~tvpl~r)ric~ ~vi th  = 
such rCSpollSe, YOU ~ r l r l l i l  [>I:Icv i t  k t ,  The $ c , ~ n d - s ~ w e y  meter i s  ~ m a l ! ,  emy-+o- 

rccp:ci\~c si~und fit a @nziilc (<JOO) use, and buttery-powered for porfobility. 

iilcirlcncr, since the 90C cunlr. 1% thu 
flatter of thc t ~ v o  rt.spnnsrs. Lirln is to one side of a linc from noisc 

Thcre is a nahlral tcnclul~oy for thc sot~rcc to mfurophonc, with thc tncnq- 
urvr facing in n clircct ion prrpcl~dicular Inen5list.r tn Enm h ~ r  n o i r ~  sr~urce. Ilolcl- 
to thc noisc n:rth. Bettcr still. rulnovc 

500 ID00 l O , O 5 0  
FREQUENCY IN  CYCLES PER SECOND 

Fig. 4. Rerponre of measurement microphone 
at vurious angles of fhe intiden! sound. 

the n~cn~urt - r  frtr~n thc micrupli~lnc: en- 
tircly, by usit~g n tripod  nil r.xtcnsioti 
cnblc. 

I t  you're cor~cr~i-i~cd with the noisc 
Ir\-el dt one p,irticulnr point .only. that 
point i s  olwinnslv tr,hcsr you m o k ~  at 
lc.;~st rmc of your irw,:i>r~~ c.ntc~~ts. I F  you'rv 
evnlu;~litj<tl>r* \p(,~ 'r!~-l~itcrlc~.ctict ,  o r  
h~:nrfnq-cI.~rna~c~ c,~p;~hilitir.s of thy ~rr~isr.. 
yo11 tr.ouEr1 pl,rct, t l , c b  ~nlrrophnnc. n hrrr 
the subjccr's car wurilrl ~~ctnna!lv hr. ( I l l i t  

witli the sul~icct n t~ t  nf thc \ray, tvliere hr 
wun't intcrfere with the mcnrnr~nlent) .  

I'cst C ~ ) ~ C F  on : I~IJ : I [ . : I~IIC i t n i ~ r  rnp:lq- 
11rr111cl1t spccif!~ thc plncr,r OF mcns1lrr- 
munt, anti t h e  American St3nd:lrd Tmt 
Cr ,rlc for .4ppnrntlix Srrisc \Itb;~sl~sc~ncnt 

Fig. 5 .  Curwr showing a number of octave-band analyses of common fatlory nolrer. 
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pr~i~l t  s cnt t tllc- t v i ~ r ! r ~ n ~  CIF tbxphri~~g thr. 
noisc fitald FIPI'OI-P clcridi12g on micro- 
phr~nc Inwtinnq. 

Ont. more thing ~ I T I  nlicrnphnnc place- 
rnrnt: G r p  it nut GF the \i,lnrl. If'inrl on 
thc tnicrophonc protluccs n Pow-fre- 
qllmr!T nil is^ t h ~ t  call scriou~1y affct - 
nrt*asurrrnr~ritc. One wnv nf rerlricing thc- 
effect is by ilse nf m wind scrt.cn. 

As m c n t i o i ~ ~ d  c:irlicr. any realistic 
noisc rnrasurr.mclt R I I I S ~  take into 
account thc freqtlr i icy-~.cspo~~~e ch:~mc- 
tcristics of tlic 1111r13n par. This i s  the 
hirtoric:il fnuncfi~t ion For t h ~  n * ~ i ~ l i t i n g  
nrtwnrks found in all sound-lev~l meters, 
: ~ l t h o ~ ~ ~ h  no wie tndny silqgeqts that 
wci~hti l ig nrhvorki nctlln?ly translntr 
i+n\r, ~ounrl  pressure lew1 intn t h e  s ~ i b -  
jrctive notion nf Ioudncss. TIlere are 
thrcc ASA-spcxci6~d \crigliting netu-orks, 
~vhosr chnmctcriqtics a1 e si~owil in Fiq. 
2. Somc authori t i~s rirggest selection of 
w.rigl~ting net\vn~ks nn the Ixlsis nf thc 
mngc of levcls to be mcasutrerl (c .g. .  A 
~vrichtin; from 63 to 74 dlr). Some ad- 
vncnte the use of R \vcighting fur com- 
pnriwn of noises of diffcrcnt t y p ~ s .  2nd 
ccrtnin noise-test cndcs spccify t h e  
wciglitinq net\vork tn be u s ~ d  in all cases. 
Perllnp5 the wirrst cnrrrse is tn menwire 
2 n d  rrrnrtl Ir~\~c.lc rln nll  three xvci Jitinq 
networks. For one thing, the three f ig~res 
cim Ile uscd tu prntll~ci: n rongli fre- 
rlucncy analysis.' For nnnther. it is : ~ l w n y  
a gnocl idc:t to stnre sticl~ data; ynn never - 
knnlv IVI IC~I  yo11 mifiht {rant i t .  

N n ~ r  rhnt ynu Ii:av~ ~ P ~ S I I T ~ ~ ~  noise 
Icvcl, 3r~hnt clo yon do with it? \jrell if n 
t ~ ~ t  COCIP ~pecificq thot the H-wrighted 
Itvcl sI~nrll(l hr I??.: thiln 80 rlb and 
vn11've rnr:r<urctl it at 85 rlh, yo11 know 
th:lt the t ~ q t  91;ls h c ~ n  flr~nkcrl. Or yml 
might h:lvc marlr lthc mu:isltrclnent tn sce 
wht~thcr certain noise Irvrl~ arc likely to 
c:tusc henrinc cl:im3cr. in which case vrw 
~nicht  cnrnpnrc your findings with sug- 
gcstrd criteria.' 

R u t  for inany nnisv mcnsurements, the 
sountl-lcvcl mrtrr 11: itself i s  nnt e n o u ~ h .  
Too mud1 clcpenrls on the Freq~rrncy rlir- 
hilmtion of t h ~  nnisc, and thtls the oc- 
tnvc-l~nncl nnalvz~r Ilns he~y~rne the sec- 
ond too1 of tlrp tr:xdc. 

The cwtavc-lmnd anal yzcr mwsurcs 
the noise lc\,cl of any of eight ASA-spec- 
i f i d  frequency I~nnrfs.  Thcsc bands nre: 
20-75, 75- I .ill, 1.50300, 300-600, 600- 
1 sflo, l20fl-2.4oO. 2 100-4600, and 4800- 
RfiOO cnq. T h i w  ort:ir.r-hand lrvels can 
Irr! 11srrl tn cnmplttr Int~clncss  level in 
phons.' Alsn hy taking the averace of the 

1. Peterson & Crms: "Hnndhnok of Noiae Meaa- 
uremcnt. Gcncral mdto l'unlpany. Wnst Corrcard. 
Mnss  Fourth E d l t l o n  sup 7 4  1 after Cor l 
2 N'c r~womrnrnd thRP tho#@ fnnctwncd wtth noise- 
indkl, .~d hcrtrlna 1os.r rerlueqt the l n t r a  t lnformntlon - 
ran tFls r l ~ h  n r t  from t h e  R , , q ~ n r ~ h  r v n t p t  Sulk+-am- 
ml t r r?  or, :!oiq* of thr c:'u!:\rnrllev orb tlonaprrnthon 
nr H u ~ r i n R .  ,lrnrrirnn Arnrlr.mr o f  nph thn lmolu rv  rlnd 
C l t o l . ? r y n ~ 0 1 ~ $ s  f :'i < LI'.'nmJ8s S t  :.nr .znur'lpr * -  1 , .  ~ R I I I ~ L P ~ I .  
3 S r o v ~ f i ~ .  3 3 " C a l c u l ~ t l n f z  Loudness " NOIS@ 
Contrnl vnl 3. No :I. F e ~ t e m h r r  1057. ~ r n p c l  
1 t -22 



nnise levels in three octave bands ((ir)O- 
!TOO, l2oo-s-lot1, and 0400-4XOn), you 
mine up  with thc Spr~cPi Interfcrcnce 
Level (SIL) of the noise, which you car1 
er~rnpni-e with p~iblished critcri~ to firld 
nut tEie tstetit to b~Jiirh noise will inter- - ;fere with cunverwtiai~. The nctav~-l3ancF - analysis off~n still anothcr \r7ay of rating 
nnirr, by Nnis~ Criterion (NC) vali~c,' 
sometimes used to ev:tirintc acotistic 
properties of IIRCPP, school rooms. aurli- 
tn r ium~,  ctc. Eina!ly. octavc-lxlnrl le~els  
can bc cnliverted to Noise R a t i n ~ , h u s ~ c l  
tu el.alu:~te noiw levels in residential 
areas. 

.4t1 octave-hand analysis, as vou can 
see,, is an essenlinl part of most serious 
nnise stridics. Fit. 5 shotrs slrch an and- 
ysis of vnric>ris nnfses in a factory. Gt-ow- 
ing in fnvr~r is t l r ~  thirtl-octnl-~-lxmd 
nnalvzcr, which cl ivid~s the over-all fre- 
quency ranice iritn thrre times ns many 
band9 ns ctoes the uctave-band analyzer, 
and conseqae~ltl!? givrs more inh~rmation 
(and  take^ more t ~rnp). 

,I, normal sound-lcvel rnensurempnt is 
usually not acfcqliate for impact noises. 
On n rlrop-forge impact, for rxamplc. the 
peek Fevel may be as much as 30 db 
above the mnxirntim rwitlinp thnt \vould 
:Ippmr on a sound-level meter. An osuil- 
loscope could be urrd to show mnrp mm- 

-- 

4 .  Beroneh L. L. e d  : "Nolsc Rcducl lon." hlcCrnw- 
~rr ir   BOO^ c'o . I 960 -- 5 .  Rorenblitk. W A ,P. Stevens K N "Handbook 
oI hcoushc N o ~ r s  Control Vnt I1 "Noise and 
Van WADC Technlrnl Ptqort 5 2 - 2 0 4 .  PB 1 I 1  3 7 4 .  
Clmce of  Trchnlca[ Scr.'~rrs Deoortmcnt or rom- 

plcte infomntion, such as rise and decay 
rates. hut I I IP  trrliiliq~te is involved. 
\Irluh anorcA mnvenfunt is the impnct- 
rmisr analyzrr. n.hich can menrure peak 
wluc. iri~tantnncnt~s level, and a time- 
3vrra~ei l  Pevcl nf the noise. 

Stm7rl;lrcls for nt~iqe measuremrnt are 
constri-ttly chan~ing as scientists ga thrr 
new ilatn. TIP h t ~ t  way to I ~ n m  about 
human rrnction to noise is I]? rxpesi- 
nrcnt, and thc more subjects, the more 
I I I P F ~ I  thr re~ults  arc likely to be. Irn- 
prover1 tust prucpr1ul.e~ and larger saln- 
~~Tfngc often fnrcs scientists ta revise the 
st:~nclat.cls. For this reason, and I~rcnusc 
the idea is gnorl scientific pmctice. it's 
impnrtnnt tn keep rlctniT~rF records of :111 
mtnsi~relnmts. ,4 complete rcmrrl rvill 
probal>ly inclucle dntn nf n n  :ipparm~t siq- 
nificnntr, h i t  yntl never k n o ~ v  nhat  to- 
rnnrlaw's standanfs may bring. I-Icre's a 
Ifst of thinqs WII m i g h t  record: 

1. Description of the space \c?lrrc the 
mensLrernent? were made Inahire and 
clirn~nsions nf flnnr, walls, and ceiling; 
rlescription of nenrhY objects :~nd person- 
nel). 

2. Descrfptinn OF noise source (di- 
rnensioais, narnep1:ltc date, location, type 
of mounting, and operating conditions). 

:3. Description of secondary noise 
sources (location, types, kinds of npern- 
tions). 

4. Typc and  serial nrimbcrs of a11 mi- 
crnphones and instnlmrnts t~scrl. 

5. Positions nf o h ~ ~ r v c r .  
15. Positinris nf microphone (diruction 

nF arrival of st~uncl with rrspect to micru- 

p h o ~ ~ e  wricrit:~tion, lel~gth of microphone 
cahle). 

7. Temp~rntltre nf room 2nd of micro- 
phrw~c. 

fi. Results of rnaintcnancc and c:Jil,ra- 
tion Zests. 

9. \f '~iqhting net\t.nrk and meter re- 
sponse. 

1.0. 3 I ~ a s u r ~ c F  over-all and band l c v ~ l s  
at vnch rnicl.nphotne Inci~tion. 

I I. Backgmurld nwr-all nnrl hanrl Irv- 
els at each rnicmph~ne pnsition (i.e., 
with primary noise sol rce rhut r ~ f F ) .  
IS. Cahle nnd rnicrophrme cnnectinns 

( for  Itt~mpurntl~re xnrl l~z~rnirlity, as spec- 
ifircf t)!r nai~ufncbrr r ) .  

13. n~tc ;uitl time. 
13. N,~rnc nf ol~scn*rr. 
The mun, ~rseful i ~ ~ f o l m n t i o n  yon re- 

cord, tlw bcttrr off yor~"ll be in the next 
phase of the  noisc-controll program. 
That's when ynu clecide what to do ahoi~t 
the nnise ynu havc just me:~sured. Tcch- 
n i q ~ l r s  of noisc r~da~ction mnslit~lte a 
story in th~mscIves, beyond thr scope of 
this article. After ynu'7.e put nihbcs feet 
on the machinr or changed motors, or 
installed so~rnrl-ahsorbing material. you'll 
want to r e - ~ C R S U T P  to bc s11ry of the im- 
provemellt. Obvinus! y. the hefore-nfier 
cnrnp:~risnn will he most meaningful if 
the spcond set of measurements was 
rnnrfc nndcr the snmc conrlitiuns :IS ~ V H S  

the initial set-another reason for keep- 
ing rletnilcd recorrls. 

I n  tlw war :rgainst noiw, careful mens- 
urcment pays off. And the payoff is a 
precious commodity that too often seems 
to hc ~oioing oirt of style-quiet. A 
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