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THE MEASUREMENT OF IMPACT NOISE 

:\lany of the everyday noises that we 
h(,tu' fire impart noises. Th('y range in 
ili lPII>lil Y from the "tick-tol'k" of 1\ 
W:Udllo the tremendous \'rtlJ;h of [I huge 
dl"Op hammer. In the industrial plant 
implwl noi~ nrc prociu('ed by ham­
nlC'l~. ri\"('tcrs, chippers, and pUIlC'h 
PI"{'S.S('S: :l1lel in the oflirc, by type­
II'ritt'!,s ilno husincs.s muc-hines of VIUJ­

IHIS sorts. A related cln&l of noise is 
(·xplo.~i\"l' !lobe as in gun fire or even the 
rt'1X'nte I I'xplosiolll' of g:liSOlinc enginc.'i 
in auto,.; und trucks. To industry, some 
elf theM! 11oi8('8 l'an be It aerioll';; prohlem, 
pUI,til"ul:U'I,v those produl'cd by large 
drop h:lmmef"S, because of the possible 
hl':lril1)!; 10.. .... '1 that ('un re>ult. from ("011-

tintlcd cx!)O,·;urc to tht, noise,' Thi~ 

problem h:loS led to ('ollsiderablc n>.. 
ilcarch in t he ficld~ of hearing damaj(! ' 
fro m noise, of noise l'edUf'l ion , (\Ud of 
noise nWaSIIIT'mCl1t. 

);oise nH~a.<!lIremenl" wilh sound · 
le\'el meters and specll'um analyzer:; 
urc insc\eqUtlte for eVllltmlil1g impael 
noise. A cathode-my o.stillop;raph "IUI 

be used to study this iypc of noise, but 
the lOea.';Ur{'ment is 1:'0 l'ompliclllCd thai 
it is performed mainly in the rc:;('fl.reh 
Inboratory. 

A new il1 ~tn llnent, til(' THE l:j.jH .... \ 

'8ul.>eom"''',..e Z!I·X-2. " The He .... '..,.. olllH.nlLlt I ...... 
to S,.,.., £~I_'''':' A_.,.,.n S~nd.nto "-": .. "011 
So ... \' .... k, 1\1,;4, p. 4li1. 

fll .... 1 II.M. OulliOltOm of .. 01 .. "0," 0 .1"1" .. ,Ik. of 0 p .. ll ch pr ... doinl a oimp" 10.mll1l op"o_ 
'Ion . Tho 11m' leal. 010"1 'h. ha,lIOlI'ol "xl. 10 '0 ... lIIl u e"ndl p • • dl"I.la .. . Th . Ino'antano o ... lo .... d 

p ........ il dilplay.d on ,h. ".tlleol aXil , ond tho p.ok 1.".1 "ca.d.d Is 120 db .. 0 .002 ... ierabar. 

FII"" 2 (c.""",. Oulllal.am, 0' noi •• "0'" ' .... 0 u po,a', ha lldc!op •• Th. ti .... 1e .. 1 ... 1""I.h. ha.l_ 
1011'01 .. ,,11 II 2 mlll ll.COlld. p •• d lvilioll . 

FII"" 3 (ril/of). Oulliol.om of .. 01 •• fro m 0 0,"011 d,op ho,"m ... Th. tim. leol. alon l,h. horizontal 
a,,11 I, 10 mliH u eond, p • • leal. dr" I,lon. 
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GE NER AL RADIO E X PERIMENTER , 
lmpuI·t '\oi...;c Analyzer, showl! in Fil(­
IItt'l, hM 1)C('11 recelltly dl'l'c1opcd to 
.~J mplify Ilw"t' mC:l.>lurcmCllb. Thil!l itl­

s tnunctll is lltl n(,{'C6sor~' for a soulI(l· 
1l'Y('1 melt'r. fwd it ran be ltticcJ t\l meru-;­
lire ('cnain si,l:;ttific'anl chnt'll{'lcrisli ('i'\ 
of nil impaf'( HI)!';!!. LL if; :\1,,0 u.~crul :Ui 

atl !1{·(·l' ..... 'lOry fOl' .spC(·lrum analyzers, 
Ku(·h 11J.\ I h(' Tn'~: I:").)O-.A O('tm'(' Band 
::\oi~\.Jlulyzcr, for mUKtlCtic tave 1"1.'­

!'ordcrtlllnd for the 'l'n'E i'ol-,\. \'ibm­
hon :\Irkl'. 

The c'OIIl:'icJl'mtions lIndt'rlying Ihr 
de"ip;n. OIX'I'lIlion, nnd applit'atioll of 
this IJI'\\" inslrllmCHt will be better 
UlluCl'Stood if lIe cOIlt'ider first some of 
the dl!Jru(·tC'l·i.~ti('s of impllet 110i:;cII. 

Characteristics af Impoct Noise 

Figurl'8 I, 2, and 3 arc {k<{'illu­
p;raphir I'(!t'ol'ds of instantaneous sound 
pr(':;'-;lIre (the I'rrticnl ordinate) ver.;us 
limc (horizontnl 3xis). Figure I is lhe 
olwillogram of the eleetric31 OUl put Of:l 
l'Olld('n'-'t'r mil"rophonc placed 1 feel 
from II punth pres:, doing a si mple form­
iug opC'rlltiun. The lime scale ulong t Ilt' 
horizonlal IIxiH is 10 mill is(,f'Ollds 1>('1' 

dil'i;sion, that is, 0.1 second for t h(' fll)) 

swecp. The inl$lantllneoll~ ]>cuk It'\'l'l 
shown in the o.sdl1ogram is 120 db (rl' 
0.0002 miC'rohar) nnd occur:; about .) 
milliseconds after the first :sound from 
til(' impad .. \t I milliseeond, a level of 
about lin dh i:; reached. AftPr thilS 
iuitial rapid ri!l{', the level del'Ii.Y:I, so 
that. uftN UbOllt 30 milliseconds it i8 
apprc('illhly helow its maximum. UIU' 
int cl'c;sti JLg fcatun' of this impact sound 
is thc random 11IItllre of t he iudividuul 
peak amplitudes. 'fhnt is, nlthough 
thcre is the gellcml trend of a rapid ri!>t, 
to a maximum 1':1lue and a slower but 
s till rapid (Il,-{·:l),. sureci<.~i,·(' peak Ilmpli­
tllclt'S \lury uppreciahl.\'. 'l"hi8 bchal'ior 

is shown more (·leurly in slIcceeding 
I).'lcillilgrum,,:. Th(' sOllud-pTCS.'lure wal'c 
is 31so di.ssymml'tri{·nl. with the 1)0/0-
ilin!, or ex('css. pre:;.'lur{' "ave hal'inl; 
Ihe IlighClSt inst:\HUUWOUS prak Irn'l. 

The osciliognlTns in Figure 2 eortt'S­
pond to the souud pressu rr \I":\\'es of 
two scparate hnudt'laps about 18 inches 
from the {'ondenscr mierophone. lIer(­
lh(- timc ,;{'nle 1m., bt't'll spread out, ('nth 
dil'ision being 2 milliHCC'ond,:;. The in­
"tfllll:Uleous p<'uk p~ili\'c 1('\'018, at­
tuincd in a fml'liOll of a milli!ole<'ond, art~ 
117 db and II.'> db. and t il(' negali\"(' 
levels arc 118 dh :Ind 117 db. The d(,(,flY 
is apprc('iably longer, being scI'eral 
millisc(·onds. The di!!symrnetry here i.'! 
not marked, but th(' mnc\omne;-;s of I he 
iudividual amplitude~ of the oS('ill:\­
lions is {'Iellrly shown. 

T he Q.:;eillogram· of Figml' 3 is :\ 
·COUrleOY oll.iberly ;\llllllall ... lI ... "",ComPl'II,JI". &"'<>0, 
M.....,h' .... IUI. 

fig .... 4 . Vi . .... of 1m po .. Nol .. A. .. olyur o","ched 
10 " lo .. nd _le v e l mil ... 
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displa.v of lhe ,;olllld wu,'C fmlll a ISml,1l 
1800-lb drop hummer ill :111 opel! ficld_ 
The rni('r·oJJhotl~· WIlS 2-1 f~t, from the 
hammer, :lnd the maximum level 01>­
l:i('rved is I IH db. (This ii:; the '"cry faint 
peak S .. :; small divisions above t he rcf­
('!'C!I('C line.) The time grail' lIiolig t hc 
horizontal axis is 10 miJlisctOlu1,; 1)('1' 
flmflll division. The Uflllfli vcr.\' r';'tpid 
risc anel fa.':it dCI'Il,)' 1)01 vcr.\' dead.\' 
shown h~l"(' . 13uj in audition there is u 
[o\\'-frcqucllcy \'Zlt'iatioJ1 h:wiug fl period 
Ilf a.llout 2j millisecond .. (40 cps), whi(-h 
is a ringiug or till' hammer. This typr' 
of v.~t'ill:ltion is Tlot so :IPP:lI'cut in the 
()iwil1ll~n\ms tllkrll 1'[o.'W to the hllmmcr. 
.\t 11 di$t3ncc 01':3 feet. fo]' exa mple. the 
oscillogram!! lne vcry :;imilat· to those of 
Figures I aut! '2. A iypil'a[ peak level 
for this HnmB IUlmmcr at it disblll('f! of 
3 fceL is 127 db. The d i/fcl"cl1('c ill s hupe 
or tht! w;('iIl')J.,.Ttlms al llwse dista.nces 
is a result of the Ilpp!"ecilllJlc tlttcllua­
liflll of high-fr'equeu('y components and 
rdalin·Jy smull n,ttcnuntiOH of Ill(' 1011'­
frcql1f>n('y component., 

Need for a New Instrume nt 

\\"hen :1 81:md:ud sound-level meier 
is usco to 1ll('ll.Sure slw h noises, the mo­
menta!"y reading obtai ned at each im­
pact seem!'; to hnve littlc significance, 
Th(' sound level met!'!' is inadeC)uatc hc­
{'(lUS(' an impact sound does 1101. rcmai l1 
at :Illy purlieui:II' ]C\'c! for u time that is 
compilr-ahJe 10 the lime COllst.unts of Ihe 

mt'tt:'r, whid\ arc of the order of two­
tCllths of a :>ceond, T h(' meter read ing 
dots sholl' 1\ momenta I')' ]'isc and decay, 
hul th t; maximum rending obtn ined i.s 
('om mollly 15 to) 30 db below lhe peak 
11'\,(>1 of the wfwe. 

A cathodt.l- ruy oscillograph docs 1101 
have this limit!ltion, J lS moving clemcnt 
i~ nil eledrolt lxmrn, which hus so little 
mass that it CIl.Il ensily bc made to move 
in 1U't'ordallc(' with the im;t.ant1ulI'OllS 
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.iOlllid pl'a.-<Sll~, Hy plwtogr:'phin>! the 
displuyed oscillograph ]laltC'l'T!, orll' ob­
I ai irS a re('ord of II noi!'e of t ht" 1 }' I)e 
showl1 in Figure,') 1,2, and 3. 

The equipment I'cqllired to obt:lin 
sllt'h i\ record i~ compii(,lItcd, c.xp('n,~i\'e, 

:wd bulky, A cat hode-my os"ilJogmph, 
n.lone, bas mn. ny ('onlr'ol13, tUid di:;pl!W­
in!! transient ~oullds on this cicvil'C is a 
l,'omplif'lllCd operation, A:j II result, ol'lly 
a few, well-o(tuipped, rCRCarth labonl­
tOl'jCfI have undert.Ake]] a scriou1i :;tudy 
of impaet sounds. To set lip useful cri­
tNitl fol' jlldgitr~ Ih(' flignifican ce OIf 
Ihc.'lC sounds, a great deal of cxpcri­
metrlal datu must be !IN'tlmulalcd. The 
('ollct' iOIl of these datu hu.s beC]] seri­
ollsly hampered hy t he. In.ck of simple 
means of measurement. 

The variability of some impa.ct 
sounds p]'o\' idcs furthCl' e\'idellce of the 
need {Ol' simple measuring equi pment.. 
For extHnple, tools u.'ling ex plosive en r'­
tridges for scl,ting fas tening dcvites in 
concrete p!'<xluce sound;.; that VIU.y \'O!l­

siderahly in lewl from one shot to i he 
next, 'l'hcrcfol'c, a number of sampl~ 
of such SOllnds shou ld be measured to 
determine t h is va riabiliLy; and a si mple 
measuring instrument makes slIch a 
s tudy practical 

T he r('sponsc of the hearing mcchn ... 
nism to impa~t sOliluis is f1pprccillbly 
differ'ent from that to steady sounds, 
This difference is due in part In len. .. t. to 
ce rtain delays inhercnt. in t he nction of 
t he iwaring mechanism, These delays 
arc compartlble to the time Constants of 
impact sounds. The delny in the nction 
of the middle ellr mlls(';les, for cxample, 
is probably of tho order of ten mi lli­
seconds or mon.:,! Thus, 011 some impact 
sound" no appl'cciablc action of these 
muscles will oceUl' until after the sound 
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~ GENERAL RADIO EX PERIMENTE R • 
j.-; e.")I<{'nliu[[s ~'f1lllpl('Il'(I, Hccnu:;e of thi" 
dcluy, Olll' \\'\Iuld eXI>CI'I the ('[mra/'fl'r 
of ILl! iml)fl ~ ' 1 Iloi:«' in the lir"l fel\' milli­
,s('(·ond.s 10 ht, of gl'('l1t('r !i'igllifiNlIlt'C 
lIlali thl' heh1L\' ior aher IOllger [)Criod,~ . 

The IIWltSUfcmCllL of irnp:u'\ sounds 
hy I'lit hodr-ruy ()I;('i llogl'ltphs ('HII yield 
a hlrgl' umounl of illfornmlion, 13ut 
os('illogrn ms rfiUtlol Ix: used din!('Ily ill 
I'Iltillp; II lIoi.-;e, \rc need to hu\"e Ii fell' 
IlumlX'1"t! \ Imt will (,halw' teri,.,(> 1 he sOlnld 
\\'8.\'(', t'1) Ihlll \\'{' ('Ull m;(' the IIllmbcrs ill 
plouing p:raphs uml ill setting up It'nl:I' 

li v(' ('ril{'rill fOl' impa('1 1I0i:,('s, ,\ :,tudy 
of III(' patterlLls of im patt noise o:-.('illo­
gmm;. Il'u(\,: lu Ih(' ('ont'lusiou that two 
obviollb IlIlmi)CI'S to u.sc :tre t IIf' m:L'(imlllll 
illstnntlltH'OUS 1(,\'cI alld som{' 1llC'(\i<un' 
"f the linw uurnlioll of Ihe W[I\'t'. 

Delcription of Impocl Noise Anoly:rer 

TII('l;C two values arc readily mC':l, ..... 
111'(.>(1 b) II Ie 11('\1' T YPE 1,}.ID-.\ lmpnt' t 
;\'oise .\lIlllyz-el', ~ho\\'11 il\ Figur~ I :1I,­
t:lchcd to a sound-level meter. Both 
the penk Ic\'c1 nnd thc durat iOIl of n 
si ngle illlpu('/ ('an be mCD.,;un:d , The 
in8tl"llOu~lIll'olittlitls II bllt.tcry-ollCrtltC'd 
U'ullststor ampliHer, whidl is h ighly 
il tabilizl'tl by negativc f(!('dbiu,k , Thi~ 

amplifier ,::i multulleou:<ly drive." three 
n-(' voltmeter ('i n'lIits, whi('h ('ollsi ;. .. 

flf rcctifil'rs, l'< tor:Jgc ('upacitors, lind II 
c'ommon elt'f'trQuic d-t' voltmeter, til'! 

" . 

iIIui,trated in the :;implifil'd 1'I('heillillic 
of Figure ;j . 

TIlt' clc~' tri ('a l s lorngl' system, which 
is II euptu'itor f'h:u-g('d hy the I'cctificr, 
makes it 1)Q.<;."ihlc to mt!:l-;;ure nil l!m,'C 
f'hurad('ristif's 011 II l5iHglc iml)(H'1 with 
(lIl[y one indic,tllillJ; nwtl'r, T his slomge 
~ystem is {In CSSI'III i:11 clemCllL in ohtain­
ing ft satisf:wlory I'cndillg Oil nn illdi­
eating in..,t l'Ulllclil for the,;c vl'ry s hot'! 
duration sound.." In order Ih nl the 
,'hal'ge r('muill .;tQrI'(l in the en pucitor 
for some limt', the elcf'irical Il'akllgc uf 
the rectifier must bt' extl'emely lo\\" in 
the reverse direct iOIl. This /'haracteris­
ti(' is obt:lilled in 11"nmt Iy de\'clol>cd 
s iiicon,jlLlwtil)ll diodl' rcelifil' rl<. 

"'hel! the mCltii lJl'('m('nl uf n. single 
imp:lct is romplelt'd , the t'll puei1.ors in 

the metering ('in'lIil. tire discharged hy 
switching to a l>O:' il ioli called "Hf ... 
RET." Then the instrument is n'3dy 
for measuring another il1lp:lct. 

The three chnmrtcristies of tI SOU IIU 
thul r un be meastll·cd hy mCan:; of the 
Imp!H't :-':oisc Analyzer lim labeled 011 
the inst l'llll1('llt. tl.'I " QI ' AR I PEAK, ' · 
" PE.-\ I\,'· ftlld " TL\II~ .\\·C" (lime 
average). 

The "Q I' Af-;1 1' 1':,\1\ " is II ('ontinu­
OU!;!y indiculiug mC:lSurc of the higher 
sound,pressur{' \(>n'!s ()('eu rI'ing just. 
before thc ti nw of indiC'ation, The elct­
tri('1\1 /'ir('uil "f lilt' "Ql'AS I PEA K" 

'IIU" 5, $i ,"pHfild 
tUnc , lon,,1 d lol''''" of 
'h i I,"pod Nol.o An · 

01.,21. , 
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, 
system lUIS n fns l rise 1 imc (<I fral'tioll of 
OIlC milliseeolld) :lIld (I slow dCI'ay time 
(llhOlLL six-tf'nths of (l l;C('ond ) 1;0 that 
lhe f:~t ilJdicatilig meier nn the ins trll­
ment, enn follow l'ca.,;oll11bly lI'el1 the 
peak le\'els of sound. This measure !If 
a sOlllld is usdul for I'CpcutC{] impact i'. 
a also l:'CI'VCS as a convenienl indir-alf)r 
fo r ca libm ting the system. zUld it uns 
the dt:u'!lc,tc]"istics proposed as sl~t1\dard 

for mcnsuring clcctri('al impulse no18c.' 
(ueid('utility. Lhere is some evi denc() 
that. ill g<.'llcml it call be uSI.-'(i as u s ingle 
mellsure of loudness of tlois(' \\'11h np-­
prcciably better result s tban is ]los:;iblc 
with the rms met.e r specified in the 
sOLLnJ-\c\"cl meter stltndt\rd. 

The " .1'£.'\ K I' is the maximum 
8oulld-prcssure Ic\'cl reached uy the 
110iS(' :tfter the analyzer (!olltrol is 
ISlI' ittiwd out tlf I he " B I~':; ET " posit ion , 
The tim(' I'equ ircd for this instru fll cut to 
note l he I>Cllk len:!1 I:; su fJ hol,t (of the 
order of UIlC tcn· \ housnndth of:1 sccond) 
Ihut for ~Ollnd \I'HI'CS il ('au lw regarded 
as in~ttllllrtnCO I\ ~, T his " PE.\I\ " Icw'l 
is :.:lu]'(·d dcrt ri !'ally foJ' a number of 
8(:('00<18. so til/it the Ic\'('11'1I11 be I'ctul 011 

t he ill(liC'uling iw;tnllnCIlI :11. leisllt'('. 
Com put'i:;olls li:H'C 1)C('1I made 1,1.'. 

twcen I he: p('uk levcls of impa(' , sounds 
mcasurt'd 01 1 t l l is inst!'llmCl1L arid IllOSl' 
metlsuN.!d hy the cft th (){I e--!'a ~' os(,illl).­
graph technique. The agl'ccnwllt i ~ I·NY 
~ati,~ftkIO t'.v , hring gf'lIerally within one 
dccit.;l. 

The ti me·;n'er:lgl' I('\ 'cl is ohllliued by 
c harging a capacitol' t hl'ough u. r(!<'tifiCt' 
find u. se ries rctSistor, SCI'cn different 
values of (' harging time IIrc provid cd , 
nutgiug from 2 millis('C'otlds to 0.2 :;1'1.'. 

oud. T h;;; ti m('· :LI't'J'Hg:C lcvel is a meilS· 
tire of Ihe lewl tn[lint:1incu OVCI' (I 

pNiod of ti nH'. T h,' lWlHal :l.\'cragini( 

'A,u~r,ul\ t', .. "Il~"I. ,"->el.tt(i~, C(l.'l.~·tw,j(), " I" VI~1 
\on,., ...... 1", .. ",h .. >1 81~,"r."R!;{>I\. r ...... HuIH .. N"I..­
M~~., 03)t3 1(> ~ ,; \1~1I;,"~·d, .. ~""I," 
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time iS~l'{, hy tilt, !'hfl t'giul( linw atld the 
shape of th(' prf'&>un' w:H'e. Tho lime­
!l\'ol'nge le\'cl is also slo1'!'d iu all cleT'tl'i· 
ca l ('npaeit.Ot', 150 th:H it ,'all ht, rcad on 

lh(' indi!'[ltillg inl" trUtlWtll al \ei:;ur('. 
The diff(')'CIH'O bet \\'cell t he pcttk I('\'el 

ami t ill' :lI'!'1'!Iged 1('I·cl is a meu:;ut"c or 
thc time duri\1 ion of the WfWC. 11011' 3. 

ftarl i('ultll' time d,tt'uli vtl flU' the:"e C'om­
plica ted impu('t \\'fI \,CS is to bc ;;pecified 
i1< Uf,( ohvious. If t hey wel'c :;impll' 
t'cctan6'Ulnr plIlsc,;, thcm would be 110 

problem. S lI(' it pu l.,;('.:; will he lI.sed 10 
iJlustrMI.' the bfli,is of the pro!'cdun: 
adopted for morc !'omplicu led wn ve8. 

A .• "Stunc thnt l he eh:!rgillg ti me (.f i l 

I'c('tifier C'i t"(' lIit is SCI 10 be (Ull sc'·olld, 
If a l'onstaHL \·ol lagc ii; suddenly ap· 
plied 10 Ihis rectiner ('i n'tlit, {'un·Cllt 
fl owillg lut o the f'u pacitor will result in 
;Ul ilWl'ea.se ill \·olt!lge t\f'rQSl> it, The 
longer lhis I·olt!lgc is applied, !he C' lus(,I' 
will t ho \'01tIl~C U('I'083 the etlptlei tor 
a pJII'o:Leh tit! ' applil'd I'uit tlge. Tim:::., if 
it. lasts for 0 .01 r;c!·olld. the c:\piH.·i!or 
l'oltnb'C should Ill' I dC(' iheis less than 
the !lpplicd I·oltagc. I f il l:\:;ts for only 
O,OO:l :';CC01l(1. huwever, it should be l.j 
decibels Il'SS thaH the ltpplied voltng.:. 
T lli .." l'elati!)11 if; 1;.1\0\\'11 ;1.'; ihc lower 
('urve in FigUl'C (i . Some CXP('I'jllwntnl 
1'C1;.lIlts ohltlilled by us ing I he impacL 
noise annlyze!' to nH~:lSUl'(' kll!)wn rc('· 
I a ngular pu lSC's flrc s lWII"ll ;dso in f ig· 
life 6. The mtio of tbf' appli!'d l'OII!l),!:C 
to the \'oltag<.' tH't't).~S the Nipa('iwl' i,., 
ploUed in d l'eib('I" along the horiwnt !ll 
axis, and the r:ltjo of the dllra tion of t.he 
a pplied l'ol1ag(' It) Ihe f' h:uging t inw nf 
the I'CNitier cir!;uit is plotted along the 
verl ical Hxi~. The elOlle agreement 1,[ 

the meai'l\Jl'cd \·u] IIl'S to tJ\l' thcorc ti l'lIl 
rt'latiOtt itldi( 'utei; Ihat th(' cin'lIits an' 
OPCI':ll illg:1S l'xpctlcd . 

If :1 ('!'rl:!ngu!ar pulBe \If tIHknOWIl 
dllrlliioll is npplicd t.!) tlli s instrumettl , 
ils dtll':l1i() l1 (·:111 he dcll'rmiJll'd frr t1 11 
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~ GENERAL ..... Dro E XI'ERI MENTER • 
t hl'$e me31mrl'mClll>1. The "I'EA 1\" 
"ircuil rhargrs "('f.r 'Iuickly to the full 
upplicd YQltsgr so it j", 1I";('d tl~ the 
reference, and the diffcn.·II('t· in dccilx·h. 
hdwl,(,U th t:' fK'lIk \'3\11(' nnd tilt' IIvC'r· 

aged I'alm: is u:red \\'ith til(,' (·hnrl to 
determine lilu dUl'ation of the pulse, 
For eXllm pll' , Il&iHmC lh:lI tlil' il1d i('I~lcd 

pt.'llk ICI,t'1 i.~ 138 db :lnd till' I('vel with 
an tWcrllgill1!: lime of 0.002' ;wrotld ili 
130 dh. The diiTerelH't' in [<'H" is 8 
dcdbclll. Fr<lm thc ('hart it is ~II tkl t 

t hi;J h.·vel dilTC'rcm'c "orrt':sponds to :1 

time rutio of n,;;, The pul~· . tiU'rdor(', 
was 01lC-llIllr of 0.002 8Ct'Olld. whkh il'l 
0.001 tW'('olld, 0 1' 1 milli sN'ond . 

iml)(H'L noise!; :U'C not so i'limptc IllI 
rectangular pulscll, how('ver, tlJ.! is I'l hOll1l 

by Ill(' ~rillol!rlim8 of f igur\'s I . 2, z\Hd 
3. HnthN. they aplX'llr to i}(', to a fi~t 
approximation. CXI)()ncntitilly dCl'il.yi ug 
random lIoiS(·s. For SlIth 311 llPlllied 

FIg lI" 6 . Ch .. ,t .h ..... i"l1 II •• ,.'olio .. . IM l w., .. 'he 
.alio 0' Ih. "ok '0 O ..... OIl . eI "'0'''' ond the u..,. 
eon .... .. " .. f .... r ... ' .. ct .... eI .. 'th, "«uil. Th. I ..... .. 
< ....... II , ........... .. g ul ... pU ' ''' .... eI th l IIpp" .... . 

•• ' .. r Ih ' u.u .. llmpa<1 .... I .... 
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t t - - " ".) '."""I>IC'I '" C"<'(\~':. SKQND ~P»,g 
NOISE MEASURE'-'ENTS ON PUNCH PRESS 

FiIlU •• 7. Th, ... I1II1 .. f a ..... ' .. v._ b .. .. d ...... 1.,.11 
.. , ,h . .... i .. fr ....... ,1"111 . I ... p .. el 0'0 pu .. eh p .... 
.. . .... olu •• d b., Ih. Impod .. o i • • " .... I.,~ .. on 'h ' 

.... l p .. 1 01 th . octo ... _bo .. d o .. o l.,z •• • 

Wln-c, a relation or thc Iypc pre\'iolls[y 
given for rcctulLgulnr pulses can be 
('omplited, lind is IS hown in Figure G.' 
lI ere lim decny time conatant is defined 
ill the same wuy a8 it is done in clcctri­
l'1l1 cil"{!ujts. The time constant is the 
time rc{[ uircd for the Wfive to drop 8.7 
dl) in level from its initial value . 

. \ pa.rticular a,"ll mple will show how 
this relation can be ustod. Measure­
ments of a smull punch press sta mping 
oul blanks gave n peuk level of 11 5 db 
und II timc-a vernged l('\'e[ of 98 d b when 
fl. l ime constant of 0.0 1 second was used. 
The differell{'e ill level is 17 decibe1.s. 
" rom t.he charI. thi$ difference corres­
pOllds to a t ime r:niQ of 2. The equiva­
II-li t imp::1ct d~ay l ime is then 2 times 
0,01 , which is 0.02 scI'Qiul , or :?O milli­
~ceonds. 

·1'1", oompu'oo .... Ia.oo .. II ..... n I" F'lru ... 11 '1 ........ 10" tl ... 
..... ro .. tlon tI .... ,I Io~ d •• ";n. '''''~ ul!l~ I~k n,...",. II or 
'he oni<:r of. 10",,(1 .... 11" \I) ~ .I ~," ... nd," U ... dC<" ... ~· . i"", 
"I .he "~I",,,e"'ially d ..... yi"~ ..... ,.~. Th,. "","mpU,,!) 
a.'I""""O "" j'''''~ed I~r n>un of . he i .. ,I ........ " ...... ~n· 
C<)ulltcl"t'd in 'nd."ttv. 
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"'!it'll thi~ JlI'QI'edun.' i:;; \1.,,·11 on l ilt' 
impul'l lloi8t1~, whose o.sdll\J~r:lm8 lin' 

hho\\11 in Fig-mel; I aUlI :1. , 'quin.lcnt 
der'!ty lime:; Qr aboul aD milli"t't'omb 
for I II\' putH'h p ress nnd about I milli­
. ""l'lIIld :-; for the handelaps fire ohtained. 
Thesl' \': llucs appc:u' to COITCHPOlid I'l'lI­
t;Ollubl.\' \\(·11 wit h {'siim:lt{'s made' fl'IInt 

I h(' fls\·illugm ms. 
I II addition 1(, its 1I i;C f(!r rllCII.sul'inp: 

impad noi:.(' dircrtly. the mlpneL IIni:'.t., 
Illllll.\'zcr ('1m Il1Ct\..~urc the output 01' 11 

hlX'I'trUIll ullfllyzcr. For t'xtlmplc. tlw 
illlput't rHli...c of a pUlieh prCbl:lIl'IlS nwa>:l· 
urrd hy using an octave-baud nnalyzl' r 
lind III(' IlCW imp[lct meter. The r('.sults 
:\1'1' I'lIowu in Figure 7. The upper ('UI'\'l' 

j.~ il plot of t il{' peak level observed ill 
1 [Il' hand, oud the middle curve ili:~ plot 
of t ill' limc·lIverage(1 level. TIl(' O\'f'f:dl 
lI'velb nrc ohown al the righ t. 

11 is !lot dcnr that Ihe mC30urcd lX'ak 
It'\'('1 in II band has re31 ~igt1i fil:lln ("(' hy 
ill'o('lf, billl'(' thi,. IlCuk is noi one t hat 
ad1t:lIly IX'curiS ill t he physicnl sound 
\\,:nl', Bul. when it i~ taken in conj ullt:. 
I iOtl wilh the lime-averagcd level, one 
(':til gt l an cFi t i llllllC of how the CIICI'.!!:.\' 

ill the !!Olllld ia di iStributed ill freqtl e lw,v , 
Th us, the peak and ,ime-:lnragcd level 
('till oc USL-d to dcll'rmirlt' !III ('(llliv:t1cnt 
d(,Ch.\' limc for Ihe noise in e:H'h Imlld , 
Tlll'lI, with the :lSiumptim r [hUl the 

Fig u, •• , 'h. II," . con,lon, of onolyud no l, . 
f,om " punch P"'" 

T'l 1 

fEBRUARY . 1956 ~ 

1101* 11':11'" ill l'adl Inuld 1" all ex­
P')II('lIli::III,\' drl':I)'ing (Ill(>, Ilw 8(I IHm' 
uf lite prt.'~lIn' II"II\-l' Cfill he illtegratcd 
with time and the l'Cl:iult is ploUed 011 
,h(' chul't ali r{'bliv(' CJl('rgy, The abso­
lute pasitivll herc i::l pUr('I,\' a rbitmry • 
Th {'iS(J points ~how :l diljtl'ilm tioll ill 
frcquCJ H.',V lh"t ia 11101'\' ullifOl'm t hull 
th(' diMI'ihutio" showl! for tbe peRk 
1('\'('1, whieb Illl'llll!:l tltUI , in gCllcral , 
1011"('1' fr<'querH'Y l'ompOllcnts de('ay 105.-; 
rapidly thlill do highef fn.'quell('Y onl',~, 

TIll' C'akulated dC(,IIY timc of the 
IH) i~4' ill lIw diIT('t't.'l1t balll.l.s i~ shown 
in Ilw 4'I!rW pf Figure ,These fl'­
"ult" 8h(m 11 l'ill'i:ttioH ill dl't ay tinH' 
('OBsta1}t fl'nm :100 miJlibl"'OBdll. 0 1' 0.:1 
'ie('()IId, ill thl' 1011C"t h:1I111 to a ti mo 
,'ollstnll\ of only \:3 millist.'{'oJlJ:-; for the 
1I0ioo ill III\' band from 2100 to 4800 
ty('lcs per second , Thill I'csult is what. 
(Jill' would ('x llCct, ai lll'e the high.fl'c-­
qllenC',Y e nergy i~ tlsually dissipated 
much more ntpid l), t h:tll the low·fre· 
Ilm'nl',\' clU'rgy, 

Other Uses 

In add ition to its use ill cvnlu:uing 
impnct noise llud viumtio'lI, the lmpact 
~oise Analyzer shows 11I'omisc of bei ng 
usefu l in muny ot h('r types of measure­
ment. Among lh06C ah'cudy suggested 
a re t il{' meas urement of f'CI'c rbe ration 
ti me, 01 loudness, und of the dumping 
effect of sprayed t'ou t iugl!, 

,\I!NOLU p, G, P E1'E I~OS 

Acknowledg ment-Tht, lIUlhor wi~hcs 

to a ckno\\"k'(\gc hel pfu l dis('ussions 011 
this subjeet with Dr, Jerome n, Cox, 
Jr. of the Central i llstitute for the 
D{'afj lmd t he llS.<;istan('c of :\Ir. Hobert. 
J, HuplcIl3S of the GI.'Heral Hadio Com-
1>311.'1', in t he development or the inf!tru· 
men I desnil)('(i here. 
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G ENERAL RAOIO EXPERIMENTER • 
SPECIFICA TIONS 

Inpu' Le .... I' .\U) V!ll1llgc·I~.'t\\1"·n IU1Id 10 \'Q!t~ 
for lIu!'''l,.1 ral'li«'. I d'VC~" I..do\\ I vi'll .. n .. duro' 
1 h{· I"lIJI!,I;e of rl'flding. 
Inpu' Imp. dane.: I3et\\'N;' 1I 25,UOO 011111 IOO.()IlU 
ohm.', d'·I ... ·nding on LErl·:r. /~m'rol ..... ttillg. 
Fr.q" . .. . y Ra .. g., 5c to 20 k.· 
L . ~ . ' Indi.allon , i\lct('r \·ulil.mtt'd iii lI\,,·il)(,le 
from - Ill tu + IU. Arldt.'d rll1\'lIlwtor ~wit<:h 
JIICI"NI-.... ·'" rlOlIgC by 10 db. 
P. ak Re .. d lng: Ri-..l' lillie 1~ 1(',,", th: .. n 5(., mi1:ro­
",'oonus for Il vnlul' witl,ill I db of I)('"k \'"Iu(' 
(to r rI'('IAngular pulst .... ). Stomg,· ,imo' at normaJ 
room tcm~r:1.turc is gr'-'Met 'Imll JO ~'OIl([S for 
J dh dl'Crt'II."I' in \lllhl<'. 
Q",,, ' l'ook Reading, RiSi' ,iml' (If 1":<11 thrill lj 
milliS('l-onu lind dh':\)" tim .. of WJ '*' 120 1111111-
t;j~'onds for n· ... lifl(·r ci~ui1. 
TI ... . A .... ' og. Reod'ng ' ('hllr!!;,· 11111(' of ri ~·tilit'r 
{'irl'uit ""1('('\('(1 h.v !lell.'n pO~il ion,.11 it.·h. IHwing 
limt'£l <)1 .002, .005 .. 01, .02 .. 05, .J. aud. 2 ~­
()wlb tor lh,· r.'"i~t:lll(·i,-(·III)lU'iI1IJ>e,.. lilll'! <"fm-

Type 

15S6-A I ... poc l No,se Anolyu, 

~lanL. ~tornl(f' I illll' at notm:11 room l('ml~r:llurf' 
i~ grelt.1t'r th'lIl I minU1" ror I dL (I,.,·!"t·;tj«· in 
Ilulu,·. 

Sourn: A l!OUI"I-h'\"l" IlWll'r "'' ~IJol~'lrlllll lln­
IIly,.('!' should or/lillaril)' IJol' 11:;<'([ to ." UPpl.l' lIw 
flllaJy,.,·r inl)lJt. 
Inpul Tormlnal., All atll\l'Itl-d "onJ with pllOIW 
plug at OIU' Nl d . 
8011." • ., On~ I t ",-volt Bili' n f1,,~hligltt_ ,·,·11 
( 1l '"yOV:I~ 2 1.1' or "'Iuivnknll llnl l ollt' 4!j-voh 
B tlll.Hcry (EI"'r('luly ·155 or l'{luil'!llt'1l1) : .. , . 
~lIl}pli(.'t1. 
Tub. Co ... pt . .... nl : On,· T np. ('K_I\418 luh .. ·: 
Thnoe TYI'E 2N lOr, tr;\I(~i~tm"l; or i'<juil'al'·llt<!. 
Cabin. ' , AlumiuUI II . lini51w<l ;11 nrganii' hl:.rk . 
('llrf)'ing CflS(l IIUl'l, li(>l.1. 
Mo"nllng : ;o. l fll · I"'fU~kl" ... llo'.ml fmml·"lT! 1"; 
155 I-A SoUIiI 1"'l'd i\tl·ll'r . 
DI ... . nolon., it~" ("\Iid!'l X I t I" (iI(o('])) X ril /' 
ihi!;h). 
Nel W.lgh' , [n ~t rUlIl\'llt , I J ~ lJollUlltls: ("lIrr.\' iult; 
I':I.~·, 1 ""'111"1. 

')rift 

$210.00 

A .YEII· ( :"Iwrllf Undio lIe / -/Jrit·(· li.d i .... ('1lf· I,) .... ,·,[ lI'ill, this ("upy uf flu! 

EX/'EN/MENTEU. , 1.« Ihel'e Iw ,'" UN' II 111."")' I",..t·; .... ;on <~ . plclII<c lw .... ul'e ~ 
10 'floW Ihi .... I"f es l !1l"i, 'c illjormlfliml I rhCII ol'der;'I/? Th e li:s l is of ("ollnmi'·IIt. 
si:a' f ur ./i/i,,[[ /I'iIJ, ),l)lIr , '( 1))" oj flllr j 'u l.tlfOI! . 

Tile "ricI'S lire IIel f.u . /,. CIIIII/,ritige or IF,.. .... /, COl/ ("ol"l /. ,lIm<."'. C II s/olllcr," 

it! ol_IIer ('OIltlfries fire remi ll ,lNI 11111 1 (I 'HI,, / il ), ,1;""'01111 / ... s l'fIIl"Il Jor s Olli e 

;1"(1/ ... IIfJ"l)" o"Iy J or (lom /' :slie su /e .... 

GENERAL RADIO COMPANY 
27S MASSAC H USETTS AVE NU E 

CAM8RIDGE 39 MASSACHUSETTS 
TElE,HONE : TRowbridg . 6 _ 4400 

BRANC H ENG I NEERING O F F ICES 
NEW YOU, 6 . NEW YOIlIC 

90 win HIlErT 
lH . _WO .. " 4·2722 

CHICAGO ' . ILLtNOIS 
'2 0 SOUTH M I CHtGAN .. VENUE 

T H . _W,,~ .. h l · ,tlO 

LOS ANGlllS :". CALlfOlNIA 
1000 NORTH SEWAlD SfIlUl 

TfL._HOllyw .... ' . 6201 

SIlIlEIl S'ltNG . M"I YL .. ND 
to!! ".~ SflU' 

HL._ JU~ I ~., ! . IOII 

'Hn .. DH'H," O"ICI 
'I!O YOIlIC lOAD 

"'tNGTON . PENNSYLV"Nt" 
Tfl ._H ..... o .. " . 741' 

R EPAIR S ERVICES 
WEST COAST 

W lS TEIlN INSftUMENT co . 
12 6 NOIlTH V-tCTOty IOUlfV"tO 

I U t '''N IC, C .. LI'OtNIA 
TE L._V Ie'. d o ' _3013 

CANADA 

''''fL Y U'GINUIlING , ltD 
' ItSf HUH 

"J" •. ON'''ttO 
TEl._T.". ~ ,. IMp !>_ t' ~ '66 
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