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The Degenerative Sound Analyzer 

~ ( E A S T ~ R E M E N T  OF S(IISE originally developed for o ~ h ~ r  purposes h a w ,  in 

I 
general, c ~ r t n i n  ch:~r;~cteristics which lirnit their 

N coiintl~ss factories kind 1al)oratnrius the 
iise f c ~ r  iloisc nn;llysis. 

sound-level rnetrr ha$ h~corne  well pstal~lished 
as a n  nlmnst indispensxhle nwnsurii~q device. 

C'r. ZSSIFIT.~TIC)N 01; NOISES 
II'it h this  inst rt~rnent,  r n ~ i n r r r i n g  nnrI prorluc- 
lion tests nrecnrri~d on as ensil!. as ~ne:tsrrr~rnpnts The noises renemted bf rnxchinery m;i!- Iw 
of current n ~ ~ c l  vnltnge. t l ~ ~ ~ s  allo~vinr th r  i~c-,ise- divided rorigllly i n t n  twn clnsses. The first c1:ls~ 

prodllcing ch;>r;lclPristics of elrctricul and me- incl u d t ~  S ~ L I I I C ~ ~  a t  the fundrlmerltal frecl!~cnc!. at 

c l ~ : ~ n i ~ ~ l  devices In  l,e held n.ithin definite lillljts \ \ ' h j ~ h  1ht  n~:ichi~ler> i.s npcr:ltincr, f ) T  A t  sr>me 
i n  mnlch the same manner <)ther &nmcter- h:trmonic of this frrqs-~ency. Snunds  of this cli~ss 

1 lodern sou nd-lelrel lneters fire desiRnrcl a r r  chnr;lcferiaed h\. I h? barrrlonic relilt ionship 

to c ~ T ~ t p l p  \!~ith the tentative stnndarcfs lVhich hetwcen the itnpnrldnt cc~mponentr nnrl are 
fo rmula  led by the ~ ~ , ~ ~ ~ i ~ ~ ~  standitrds ~haracteristic of i~iort. t y p ~ s  of rn t ;~ t ing  or 

~ ~ ~ ~ ~ i ~ t  ion ander the spollsorship A ~ ~ ~ ~ -  reciprnca tiny mechanisms, part ictrliir-l y t ht~se 

tic31 Society. Such meters provide a stxndardizerl 'pemting 'preds+ 

m m n s  nf noise measurement, nppl icabl~ to all The second class nf r~nises con tnins thow coin- 

general types of sound : ~ n d  ;~lloxving cngin~ers, ponents ~vhiclr are nnt rlefinit~1?- relater! in frr- 
manufrlctlfrers c~ilsilrnrrs to px.sprrss their 9"Pl1C!' t o  the fulldi'tll'nta' 'Fred 

noise specific;l t ions i n  i l n i t s  \,,hic,, are reildi a i ~ d  inclii~1r.s ~tlninly th(nt3 conipunents cnustd 

unclerstoncl I?? all. the vil,r,itinn nf v;triolis r~~~cli;iiiicn I parts a t  

I n  all fields nf rneawrcmrnt, as soan na it has or ncnr their n:ii urn l freq ~tericieq. Such 13oir;es 

1)ccornr possil~lr ;n nl)t.lin ~itisf:~ctnr!- data  con- nrs yenel-all!. cniis~rl II! shnck rvcitntion and 

cerning certain chnmct~ristics of rhe pherrurneitn rrsult i n  n scries rhf damped wnvr.; wlrich, 
a l t h o ~ ~ q h  t h ~ y  inny rerltr 31 r ~ ~ r ~ l n r  interval< heina s t ~ ~ d i e d ,  the demand urisps for eq l~ ip t i i~n t  
depenc l i i~~  upon the speed nf nprmtion of the to make further mensurernmts in order to investi- 
mechanism, cnnsist t.ssr.tit iilll!. rrf romprmeIlts 

gatr otlrer phases of the phenomena. The sn~,lzcl- 
corr~sponcling n it11 the natural freclltenc~, of 111e 

level meter prnvidrs n mrastzre of over-ill! nnist., 
vihrat ing parts nr h:~rrrlonirs of  t Elat freql~rnc!-. 

: ~ n d  through the use of \vei~ht ing n~ tzvnrks  the 
The x r l ~ n l  f r ~ q o ~ n c i e s  insnlvpcI in  s ~ c - h  sn~rnrls 

r ~ n d i n c s  may 1w clostly corrr lnr~d ~ r - i  111 the 
:ire seldnm ctrnrl!. defined, since t l i ~  rlTects of 

estiina te of :In ;tverilqe perqnn rqnrdin,q 1 l ip  he shork cucitittien, t h r  nxtr~rnl di~rnl~inr: i ~ f  the 
sni~ncl Irvel. Such nte:~suren~erits ;Ire cl i ~ i t e  suffi- rnechnnic;~l par!=, the  riinveincnl of the p;irl.j 
cirnL lor of tyork? ~ ~ ~ ~ ~ c ~ ~ ~ ; ~ ~ ~ ? .  ilnd t,lr rnrintioll forCrq ill,prrsvd lipnil t l l P m  

and product trsis col~sc ircq,lenr!. shi  lts of an ;lpprcrinhlr orrlw nf 
products. To ~ n ~ i t w e r s  who are tr).ing in dehcp mnynil l l t ,p ,  
quieter e q n i ~ m m l ,  l l o ~ ~ ~ T ~ r ,  n t k r  iYPe5 of data ()I co,lpp, tile 1 ,llnde I)!. a n y  one 
fire frequent1\. rlpsirakhe~ 2ncI 1 i n  ~rticll l :1r- a n  rllnchillP ppllPml]J. ~ ~ n ~ i ~ t ~  ~ r ) l l ~ l d ~  fa \  linr irl 
analysis of I he cinrnctcriscics nl t h e  cnllnd ma! both 1,ut in ;I InrSc prrccntnrc of I,mc+icnl 
provide n ~ a n v  r l u ~ s  as tn the sources of the most rnses i t  1 5 p i T I  he fnt~nd that all of thc inrport;tnt 
undesirnhle coinponei~ts. The result has hwn n con~ponen ts nrp in rille or the  .orher. Frjr 
~ersistent deriia nd for n sui tahlr s o i ~ i ~ d  : ~ n ; t l ~ z e r ,  t~ ; ln~ple ,  t l l ~  whine of n dYn;! mo c r ~ n s i ~ t ~  :tln~nr;t 
and,  with this p-r lhl~n~ in mind ,  man?. t!.pes of entirely nf the lunclnmentnl and harmonics of 
de~ices  have heen tried. Ho~vever, analyzers the  dynamo speed 2nd tl~rls falls intn class one. 
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226 11. 13. S C O T T  

The nnisr rnnde by n type~i+riter, on t h ~  other 
hand, nlny be cnnsidererl as falling into clnss 
t1i.o since ,711 ol the important compnnents are 
cnusecl I-)?. shock ruritntion of tl-le vnrirr~ls parts 
of the merhnnisrn, Sounds in  clnss rlnp are 
clinrnc~erizrrI hy heine rat her sharpl!, pi l c h ~ r l ,  
the pitch depend in^ upon I he mnchinr sp~cr l ,  
nncl containin< rnainly hnrrnr)nics of tha t  speed, 
and any variation i n  this speed will r ~ s u l t  in n 
cnrr~spnnd in:. prrcpntape sP1 i l t in  freq~~cnr!- of 
ill1 rrf the components nf the snutid. Noises h l l i n ~ :  
i n  d n s s  two, in cnn~pxrisnn, are chnrnct~rized hy 
I~eini: onl!? approuinintel!* pitchccl anrl inclurlin~ 
ninny cnmponen ts which are n u t  J~xrmni~icallv 
rrlntcrl. The frequrncy nf tIlr cnn~pnnen~s  in r~ 
class 11vn so~n r l  i s  i~ITect~'il rbtil!. to a s~nnll 
decree, if a t  all, h! n ch:~njir i r ~  the  r1per:ltiny 
spi:ecl i n  I he  tnethnni5ni . 

The idra of anal!.7ing sn111ad I)! riir;lrls nf an 

elcctrirxl d e ~ i c e  is mnt new. \':~rious typcs c j f  
ana lgcrs  have h ~ p n  de\lelnped Cnr u5e nn elec- 
trical n7avP fol-tns, n n r l ,  sincr ;I aountl-levcl 
t>ieter provides at its rlzitp~~t ~ e r m i n n l r  ;111 

~lectrica l u-ai-e lnrm corr~sponding close! !. \ v i ~  11 
t h e  ncousticnl \\rl\.e form pirkerl up  II!. thf* 
micr~~phone, i t  is unly Inqicnl t n  attempt tn use 
t l ~ r s e  anal! zers  for resnlvi~~c the noise 11 ;IVV into 
i t s  cnnipnnen t freq~rencies. 'She avei-n~e r-lectri~ll 
;inal~+zer, hnn~cver. is nf the Iiet~rt>dync typr, 
and n cllnmcteristir nf th is  sort cof :inal!,i.er- is 
t h n ~  t h e  11~1nd width r r p r ~ c ; ~ ~ d  ill c~.cles remains 
cnnstnnl. reqnrtllc~s of tl ip freque~ic!- to I\-hich 
t h e  :in;llyxer is ~~inec! .  This response is the 
11a ktli-;~l res111t of the type of rirruit used in t l ~ c -  

helrrnrI!-nr arm14 zer. I n  a dvvicc: of this snrt thc 
tuned circltits or f i t  rers \2-hirh pmvicle t h ~ b  selcr- 
rivity r~m:lin fixed, nnrl I he con~ponen I I~einy 
rneaqured is h~terndh rierl with ;inotlter sinu- 
~nir lxl  \vnvv fnriil, proviclinq n heat notc which 
p;lrsrs thmrrgl~ the fiItcrs. 

This t!ye nT ch~mcteristic is, nf cnzirse, en- 
I il-rly sat isfactory fnr the  x p p l i ~ ~ t i o n s  for 11hic11 
thess ntixl!.zers \\ere orieil-lxlly rlesignerl. I11 
rnensr~rin~ I lie wavp form of pun-~r-l ine \*ol ta~rles, 

or in inensuring distorlion in amplifiers, ptc. ~ h r  
nctunl wave forni I~eing. rncaa~red is g~neralIy 
stexrly in frequency anrl al)snlutc.l>, recurrent. 

This is also t h e  case with class one sounds nf 
cnnstant pitch, and fur sounds of this typc the 
heterndyne analyzer is  quite sn~isfnctory. For 
rlnss one sounds o l  variahle pitch, however, nnrI 
fnr  the unpitched solrnds of clnss t\vn t h e  ey- 

treme selectivity nf the h~tcrnrfyne t!pe of 
analyzer in the h i ~ h  frequency ranpes makes 
accurate results irnpnssihle and in many casys 

~nnkes  i t  d i f i c u l ~  to obtain any sort of menstrrc- 
~ n e n t s  ~vhntsaever. 

Since few types of machinery opera1 e a t  a s u f i -  
ciently constant speed for satisfactory anal l -s i~ nf 
t h ~  h i ~ h  frequency souric1 components with n 

cnnven tionaI t!.pp rrf heterndyne analyzer, various 
;11 ternati~es and tnodifici~ilions havc! heen tried. 
He~eror lyn~  anal-ers hn1.e been rnnde available 
with tzvo nr more h:~nrl widths ~rhicll are ob- 
tained h y  swi tch ins  tbe filter circuits. This is an 
improvement, I ~ u t  ohviouslq+ there \\-ill he n 
cliscantinuity in the readings at that point i n  
the freqtiencv range ~rhere  the shift is made 
from one band rvidth to the other, the estent 
of the discnntinuity depending upon thr pitch 
variations in the sound. 

0 t h  eupei-inient~rs have .~l~xndnncd the 
heterodyne analyzer entirely in favor of the 
tuned-circuit type, such as was in  comlnon use 
i l l  electrical lnhnratnries before the develrrpment 
nf heterodyne nnal!+zers. Sir~cc the hand ividth 
nf t l~ned circuits wir1ens nut as the frequency i q  

increased, such nn analyzer is, from this s l~lnd-  
point, inherently better for noisr anal~.sis than 
thr h ~ t ~ r n d y n e  t!-pp, since the hand-widening 
prncess nln!- he continunus and automatic. Tlie 
diwdvant;lges of sttcl~ anal !.zers are man) , 
however, i n c l ~ ~ d i n ~  undesiral~ly large size anrl 
\vpigllt, cnused irtainly th r  large coils n11i1 
conden~rrs rcq~r iretl for nperxtinn at Io~z- aurlio- 
Frerluencie~, susccptilility to nlnqnetic inlcr- 
ference, the difficulty of obtaining suficient 
srlecrivity a t  Inm n~ldiofreq~iencirs nrid the  f ~ c t  
that Inrge inrl~tctances and capacitances cnnnnt 
h r  made con tinuuusl y variable. Th r  urr of the 
tuned-circuit t!.pe of xr~alyzer lias, nccol-clitrgl y, 
been reutrirtetl to only a f e ~ v  applications. 

;\1~r?t llsrrs of sm~nd  -nimsurin$ or sou nrl- 
nrl;il!-zi~iq equipmpnl arc ill aqrcemrnt that, i l l  

rhr ideal noise analyzer, t l ~ r  hand tvidth or 



srlectivilt!. ruwe should be proportinl~nl to the 
frequency to ~vhich tlre drvice is tuned. Oh- 
viousl!?, fnr class one sounds of \.arinhle pitch 
this  ~yill pm\,ide the  minimum errnr, since an!. 
attenuation cnusecl by frequency modul;~tion of 
t h ~  sound will be equal for all cn~nponents, whic11 
will then rctn:litl in  thpir ~ ~ I I P  r ~ F n t i v ~  p r ~ ~ ~ o r -  
lions. I-or the unpilched sounds of class tn'o i t  
is son~ewhnt  more rliFficult to clct~rrnine i111 ideal 
characteristic, but i t  i:: i~ppnreiit that the 
hronder selectivity curve in the h i ~ h  frcqriency 
ranges of the cor~stan t-perccntng~-hnnrl-\vicI 11-1 
nnal!.zer, as compared with the conventioitnl 
heterodyne type of analyzer, n~ill provide n 
cot~sidernble i r n p ~ o v ~ m e n t  in 111e response to 
these high, r ~ n ~ i t c h e d  components. I n  this con- 
nection i t  nlny he tvell to note t R a ~  sounrIs falling 
in class two are ~ener:ill!v considerect mnre 
aiinnyin?: by the avpraKp prrson than sounds of 
n similar lewl fallinx in class one, since class 
tlvu sounds are generally what are referred to as 
rattles or dashes. It is these sounds of t hp  most 
nnnnyin~:  character which i t  has not heen possible 
hitherto to analyze satisfuctwily. 

In a n  efrort to p r o c f ~ ~ c ~  fir1 analyzer more 
suiti~ble for the ~ r e a l  majority n i  i ndu~~r in l  
noise applications, the I<nsineering Dep:wttnrn t 
of the (;enern1 Radio Compnrly has dcvelnped n 
device opera tins on the in\-ewe-feed-hack prin- 
riple,' \vhich conihincs many of the  ndvantag~s 
of the hetprody1-l~ and tuned-circ~zit i ~ ~ p e s  of 
nnnI!,zer withori t the clisndz-an t n g ~ s  of cithrr. 
The dpgenemtive anill yzcr consists esscn ti;~Tly 
of a hifill gain amplifier and ;I feed-back nr~\ i -ork 
which is so desicned that z ~ l l  lreql~erlcies except 
~ l i a t  to which the nt~nlyzer i s  tuned are fed back 
to the  input  of the amplifier with sucll n phase 
relationship as to prodllce de~enerntion anrl 
consequent cancellation of the gain. The mnsi- 
munl axin of the nrnpli her is nhtained, t Zlrrefore, 
only at tlie freqllency tn ~ r h i c h  the device is 
tuned, and the amplificatinn decre:ises rapidly as 
rhe Ereqllenc!? of tlre impressed s iwal  i.j varied 
a\\-ny iron1 t11is point. This arrangeinent is 
shown i n  Fig. 1. 

' 1-1. H. Scott, "A Kt.w T y p r  VI 5~c.lrrtit.c Cirruit atlrl 
Solnc Applicatiu~~s," I'roc. I .  K. E, 26, 226-233 (1038). 

I n  this annlyzel. the fwd-lh,~ck net\rork i s  nf 
the pnrallrl-T type, which 1);~lances to n h a r p  
n u l l  n l  a f rer l~~ency prcclrtermincd I)!, 111e \.nIues 
nf the circuit rlcn~ents, in 1111tch the same I I I ~ I ~ I I ~ F .  

WIDE RANGE 
AMPLIFIER 

VARIABLE FEED-BACK 
METWORK 

as n \IJiel~ l~ridge. This t!pe of network reqttires 
onl!? resistailces and capacitances, and hence IIO 

coils wh:~tso~ver arc required. This reslil ts i r~  
several advnntng~nus fenlul-el;. rni i l i r~ traus tun ing  
is acco~nplishcd h!' snn~ed vnriatde resistc7rs 
wnunrl on tnperrcl cards LO gil-t? all npprmi- 
mntcly Ingarilllrnic frcqlitnc~. char;~c~rristic,  and 
w i t  chinr. from one Irrqi~enc!, rnnj i r  to the nest 
is acco~nplishcd h!. inenns of a p11s1-1-butin11 
snitch. Sinrc t h ~  main iuninr: dial may l ~ r  
rotated continunu~ly in nnr rlireciion. i t  iq  
pnssihlc lo  scan thr e n  tire freqltency range 
qziickly and easil?,, ~vliile the l~ush-l~utton ran,ce 
con~ral nTln~$~s quick transfer I>rt\\-urn ( n o  widply 
sep;lrn tecl frrrl\~rticies. The el in~ina~ ion r l l  all 
inductnnces fro~n the circui I resl~lts it1 ,In nppr-~ci- 
able r ~ c l ~ ~ c t i o n  in \\.right iind 111ak~s thc jns~ru-  
mcnt unsusceptil~le to r n n g n ~ t i o  pick-up. 

111 r~gnrcl tn stabilFt!- of ~ u n i n y ,  an anaI!-zer 
opc-rnti~~q ~ J I I  ~ h r s e  principles is, of cnurw, hnr 
~uperinr to tlie cnn\.cntinnal het~rnrlync type. 
In the lntrrr the tun in^ dcpei~ds nn t h e  Iiir;h 
frequency nscillxtor, and a relxIivrEy s i r~ ; i l l  pel-- 
cenlngc shift in its frrqr~rnc!. ~ v i l l  resltlt in n 
large pel-cent:qe shift in the nnillyaer tuliing. 
I n  rhe  case of  he drye~irmtivr circuit the  

sclraivity is deternlincrl 11~. the constrirlts of the 
feed-back network, and,  since these corlsist nf 
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hirh quillit! mica condensers ancI wire-woi111d 
resistors, t h e  annl!.;lcr possesses an inlier~ntly 
hiqh degree nl frequency stability. This is an 
inlportnnt advanlaye hince it climin;~tes the need 
of any arljustn7rrrts for reset l ing the frequency 

calibrxtion, I\-hiclz in  (he case nf hctcrod! ne  
i n s t r~ im~n t s  genernll>. have 10 hc reset each tillle 
n~t ;~sui-cmmts are made. 

The comple~e instrun~ent,  which is knnlvi~ a:: 
the T>,pe 760-A Snuild An:ll!.zer, 113s !wen de- 
signed as n corupanion irlstrument for t11p Type 
15')-h Sound-Lel-el 3lpter and, nccorc!ingl~~, is 
hoasecl In a si nrilnr case c>f ;~ii-plant.-1 u ~ g a f f e  cnn- 
structinn. As n r c s ~ ~ l t  of t h p  circl~it a1111 ~11vch;lll- 

icnl desirn, the instrrmlent is stnall and relnrivel!- 
light in ~veight when cc~mpnred ni rh nther types 
nf an:ll>*zers. 'The appearance nf the new a n a l ~ w r  
is shown in F ~ K .  2. 

Another note\vnrth>- Sent urc of the tien. nna- 

I>.xpr1 ~ ~ h i c h  is entirel!, clistinrt from the selective 
circui~,  i s  the vnci~um-trille v01111i~trr used ;IS an 
intensit! inrlicntnr. The circuit for operatine this 
~ne te r  2vxs drveiopcrd in nrder to provide as 
simple opcrntion ol thr  anal !-zer 3s possil~le. The 
oil tput from the vacu~~rn-tubc valtilleter atnpli- 
fier tu13e i s  rectified, ;md a part of the resulting 
direct vntlnqe is Fecl into the grid cil-c~lit, pro- 
viding a n  i~i~tomatic  vcd~~me-rontrol actinn. 
T h u s  the cntnplete i n ~ ~ n s i t y  r:inqe over which t h e  
nn;~l!-zer is ~ ~ s a l d e  ma!. he reacl on the single 
nieter scale without ( l r r  aid n l  any ~nultipliers. 
This frat ure speds  up nor i c~ah ly  the  process of 
analyzing noises. 

The nccirracy nf the restilts ol~tnined in  nnn- 
I>.zing an!. part i c ~ ~ l n r  sound cln n r ~ t .  unfnrtu- 
nntel!., depend only upon the cnnventionrtl 
nccurnc?. ratings o l  the nnnl>pzer. The usunI 
accumcy ratings for an electric11 nrln2yzer qive 
the limit nf error on Frequenc~. nrld voltage 
calibrations, I ~ L I L  appl! onlv sn 1 c m ~  as the 
measurecl component is of a constant frcqurnc>-. 
This condition i s  s ~ l d o n ~  encortntesed in noisc 
~nexsurements. As has  I~ccn pointed nut, the 
selectivity char:tcteristics of n conventioi~nl 
heterndync t?.pe of analyzer are such as to pro- 
duce ser;oiis errors, although the ann lye r  for 

man! ot l~er  npplicntinns rniqht he entirely satis- 
Factor!,. Disregard nf the true seriousness of 
these errors has herr-1 t h ~  ~ P X S O ~  for the failure 
of inan!. attenlpts to analyzr noise and  is 
proh3211!. one of ~ h c  Innin reasons wh!- the 
sul~iect of noisc analysis is ;tvoicIed hy many 
engineers ~'110 have t h e  itnpressfon that it is 
generally unsitisfnctor!. nncl, at. k t ,  invnlvrs 
cntlipl icnted :ir~d expensive ~quiplnen t. 

Figi~res 3 and 4 nrl- pwse~~ ted  to sho~v COTTI- 

paratiye pcrformnnce characteristics of t h e  de- 
cenerntive type of analyzer as cni~trnstcl.rI with 
the heterodyne type of \\-a\-F :lnnlyzer, in nrtlrr 
to SIIOW the relative maznitude of errors possil,le 
with t h e  two t!.prs :vhen used for noise nnaI!.sis. 

The sclecti\,ity curve of t ~ v o  xrii~lysers is 
shown in Fix. 3. The solid l i~ l r  i s  for the new 
'T!.pe 760-A Smunrl Analyzrs, : ~ n d  the most 
not ice;tble f ~ n t  ~ r r  is tltat the co~istnnl-p~rcc~n 1 ngc 



selectivity frnl t~re results i n  a selectivity curve 
u-l~ich, \\-hrtl plat tecl to t h ~ :  conventional low- 
sithmic frequency scale, ren~:~ins the  same 
~hrougholtt the entire ratljie of frequencies. 

The brokcn line represents t h e  corresponding 
curve for an analyzer of the heterodyne type. 
This particular model uses a cr>.stal filter and 
has proved very si~ccessfir l i n  illany applications 
in the elec~sicnl nricl radio industries. The 
selectivity curves for the device, howrver, show 
rearlily wh!. i l  is difficult to  obtain sntisfactor~~ 
noise a n ~ ~ l y s e s  ~v i th  nnq. device of this type. 
A t  25 cycles the het~rcxlyne analyzer is nntice- 
nbl y hroader tlining than the degenerative type, 
making it more rlifficrll~ to nleasiwe frequencies 
closely. A1 aljoot .50 c!-cles the peaks nf the two 
selectivity curves wF11 l ~ e  quite simil;~r, ba t  
above that freqwnc!. the h e ~ e r o d ~ ~ n e  analyzer 
I ~ e c o m ~ s  incrensingl!+ se1ectix.e in terms of per- 
centage nf the frequency to ~ ~ h i c h  i t  is tuned, 
so that hy tlir time 40(3 cycl~s  is reached [h is  
device is quite un 11s;lble for inany purposes unless 
the freqi~enc>~ is estren~ely stable. A t  hicErrr 
Creqrlcncics the pel-cen t a p  select ivi t!. curve he- 
mmes s c ~  na rnlw ns to appear n? x dnglr s t r x i ~ h t  
l irie on  tlie logi~rith~nic cl7:ii-t. 41 h0OO r )  cles, 
for instnnc~, a frequency shift of only 0.03 
percent will t t~row the  cornponent being mcas- 
tired entirely o~~tsirle nf the hand of the analyzer. 

This  f i ~ u r e  shows quite clrxrly hrnv difficult it 
if; to ti~tic an ;ul:~lyzer of the heterodyne t!.pe 
when m ~ : ~ s l ~ r i l ~ g  h i ~ l ~  Ilni-riin~iics n-l~ich are vnrJr- 
in? in freqlrenc!-. The incorl~-et~ience of this 
estreine selectivity is, Irn~vever, considerably less 
irnport:~nt t t ~ ; ~ n  the  serinlrsnrss uf an)? possibIe 
ermr i f  inc:lsurenlents are  made with an nilal>'zer 
id  this type. I n  ~ e n e r n l .  Ihe niosc impel-tnnt 
characterislic o f  t h ~ l  n o k t  whic11 cnn l,e learned 
from the an:kl>.sis is t tie rel:ltive nmplitrtde nl 
the  v;trious components. The prnl-hrin of thc- 
response of an xnxly7er to sntznds of ~ n r y i n r  
frequency is cstsrnicly complicated, xlrd no 
s i n ~ k  S P ~  of conditions can he set fort11 ~vliicl~ 
will clearl!, show ~ h p  rnany possil~le \-ariatioils ill 
t h e  results. Thr  curvcs in  1:i~. 4 have hcen 
plotted, ho~vever, as being typical of x large 
number of such cases. 

Fur purpnws nf siinpli fication, it was assunled 
in plotting these r u r \ T ~ s  that, after I IIP ;~nnlyzer 

had been tuned t n  the desired cornponent, t h e  
frequency shifted b! one p ~ r t v n t ,  thus c.~l~sinc 
an anloant of attenuation d~pe~ id inq  i~pon the  
selectivity cllrve of the analyzes. In actual 
practice, of course, t h e  frt.quenc!- ~vorrld 11e 
shifting cwntini io~~sl~~ back and forth, and tllp 
error rvould tlepend not only llpnn thc  extent nf 
the shift,  but on the fmquenc!. ajerslrs time 
characteristic. It is believed thnt Fix. 1, how- 
ever, gives i i  mtl~er  qood irlei~ of thc  typc of 
errar canscd h!. the  x-i~rintion in frequency and 
serves to point o u t  i h n t  the crrnr rrlay Ise ex- 
t r ~ m e l y  srrious. Sincr i t  is uupredic1n1,lr with 
the ecliiiprncnt orclinarfl y at hand, the actual 
rstent of the error is selclom knon-11. This, of 
course, renders most ~nensurcments made unrler 

thcsr conditions quite z~.orthless. 
Curve A shows the  chnracteristics o f  t hc  

Type 760-A Sound Anal!,zer. For an>- x i v ~ n  
perrent a g ~  f r r q ~ r ~ t ~ r y  shif i  tlirnllghn~ ~t i t s  range 
it will be noted thnt  the atret~urition on a11 
cnmpr)nents is esacll>+ the same. ,4ccnrdin~ly, i n  
the analysis the rehitil-~ n n ~  plit~iclcs o f  t hc  corn- 
ponents :~rp  110t distiirb~ct, ancl the nhsnltite 
amplitudes :Ire only s l i~ht ly  reduced. An xnal~s i s  
made with this instrument will, th~refnre, shon- 
i~c t~ ln l ly  wlixt class one compc-merits are the most 
important from the standpoint of the iimnunt 
which the!. contribute t o  the total H O ~ S P .  

Curve B i n  Fig. 4 illustrntes what  happens 
when a convenlinnnl lype of heifrod ynr nnaFyzer 
is used under the same conditions as outlined 
ahovc for the feed-back analyzer. The error 
reaches 10 decibels at a frequency onPy n little 
n l m v ~  300 c~,cles. and in the ranEe fronl 1000 



cycles tc~ 2000 c!.cles, wherc the e;lr is iilnst 
sensitiv~, t1-1~ rrspc-mse of the ; ~ n ; ~ l g r r  i e  clown 1 r!. 
;tppro.;in~nlal!. #if\ rlecillcls. OE>vio~rsl!., thcsc con- 

cli~inns nil! result in  hiqhl!- PTTOIleOlIF readings. 
To inininlire thin clirfic~~lty, annl! zcrs II:I\T 

l ~ t e n  drveEopetl ~vhicll use se\.ernl band xvidths, 
usually related I,!. factors nf 10. Curve C sh(ln.5 
the  response of :I typical nniilyzer having EL 

.i-c!.rle I land-pnss ch;~r;lcteristic with ;I sha rpl 

cut-oA be>.oncl thnt pnint. Curve D is a cnn- 

tinu:ition of curve C into rlie liicher frt.quencj0 
mnqe and shn\~,s thc e.rtre111e ntte~~unl ion which 
~vould be obtnirierl i f  nnly this sirlqle 11;11ld- 
pass characteristic tirere employed. Curve E 
rrpresents tlre refipnnsc of the same nnal!.;zcr 
n-ith n 50-c>'cle I~nnd width. L;t~rler 1lorii1:i1 
operatinq c a ~ ~ r l i t i n l ~ s ,  the error nl )t ,~i ncd with 
this :lnal !.zrr ~vould, ~ l ~ e r ~ f n r c ,  hr ind icn~ed b> 
curves C arid E. The large cliscrcpr~ilcy Fnllitl~ 
a1 t hc c ro~s-a \~r r  frccl urhncy, i n  this  case 501) 
cyclrs, s11c~iId no t  l)e overlooked. .4n error of 
25 decibels occurs :IC t h i ~  point, which falls 
within the range nf n large pass of the crlrrRy 
of [lie a\-emge noisc. If the 50-cycle hand were 
iised at lnl\-er ~ T P ~ ~ I C I I C ~ C S  ill order io  ininiinizc 
this clrrar, the selectivity ~ ~ o l ~ l d  qenerall~. Ile in- 
sufficient to give satisfnctnry rcsul t s  I~ccaus~ ,  
even at the cl-oss-nvcr fr~clt~cncy of 500 cr!-clrs, 
the baird wirlth is let1 perccwt o f  die frer~i~eiic! 10 

which the clevicr is tunwl. 

As pre\,iousl!, riientioned, 111e nctunl r ~ s t ~ l t s  
ol~tainecl ~ i l h  an!+ give11 sniit~cl with the he~cro-  
tl! ne t!'pes t7F allaI!.~e1-5 111;1y he lletter or worse 
than that 5hon.n in the di;~cr;lm, dependir~y 
11pon tht= cstrnt  anrl o t  her chni-actel-istics of ~ I I P  
freql~cncy shift. T h e  unp r -ed i c~n l~ i l i~  of t h e  
results :ir~rl the possil~ility n l  qr~cli scrious ermrs 
:u-e probnbl~. thc ma in  rcnsnns why the  hetwo- 
clynl: type of a~~al!,zer h;rs heen pt.ner;~lly 
nl~n~~donecl fur m o s ~  purposes nf soui~d na~nlysis 
except in  those leu. cases where the machinery 
speeds can he I~elcl ~vithin very close l imits  ni~rl 
whm-e clnslting and rattling s o ~ ~ n r l s  nre not 
present. 

This discussion o l  frequrnu!. sh i i~s  : L I I ~  1 1 1 ~  

resulting errors is obvir,ltsly more readily appli- 
cable to class one sclunrls than it is to class two 
suunds. Tiic rattlps and claslles iallinl: in this  
latter class do not necessarily shift in  frequency 

hy thr same percentnq~ as t h ~  f~~ndorncntnl  
spc.ed of the rnnchinr, nml, nrcorcIi~in~ly, i t  is f;rr 
riinre rli f f icr~l  L to e\.;llii;~~e the perhui-mancc of an!. 

;~n:ll! zc.r lor ~r~unr ls  of this char-acter. In general, 
hol~ever, t~vn  cl~nri~cteris~ics nlxy 11e said tn Iw 
rlcsiral)le. The first nl there is a relatively n-icIe 

Ijnnd width co~npared tn cnt~ \~et~ l ional  hereso- 
d!me ;~n;llyzrrs, srl tha L the normnl frrquenc~. 
r;ln:e covered hy an!. n l - ~ m g e  coniponen t it1 thwc  
st~unds will be inclucled ~ntis~tctori ly.  The secortd 
is t h : l ~  t h ~  selectivity curve s h n ~ ~ l d  hn1.e ;I 

ruundcd top, so t hn t  the ;lnaIyer may br: tuned 
dehtiilely to thr  ronlponeni. In  this connect-io~l 
Land-pass filters are, of course, L I S P ~ I I ~  for Incatinr: 
thcse noiyes in ~ e r t q i n  p r t ~  ( ~ f  t h ~  ~ ~ P ~ I I P I I ~ ~  

spectl-urn, I l i~t  rill anal! zer Iiavinl: cuntinuousl>. 
variahlcr t ~ ~ i ~ i n g  and a rounded-top srlectivity 
curvc is csseritial to locate the coiilpo~~eilts 114th 
any p;~rlic~il:~r rlegrc~ of es;lctrless. 

It. has Iwen show11 by actual ~ ~ p e r i c n c e  t h ~ t  
the type of selectivity curve pt-rsent i r l  tlte 
de~enerative ai~al!.zer is ~vell adapted For Inens- 
tiring these reli~livcly ~~npitcherl sounds nf class 
tyro. The cllrve is wide en~or~sh t n  prnvicle 
sntisfnctor!: inrlicatiorls or1 all ilnpnrtaut cmn- 
pnncnts, and the shape is s ~ ~ h  ns to nltnw 
definite luninq, t11~1s giviuq an indicn~ion nf r h e  



mean frequency of each component. An in5p~c-  
ti011 of the CI I~I -es  in Fig. 3 will slitnv rmdi1:; w h y  
this t!.pc nf anall-zer is sa much mnre s ; ~ ~ i ? -  
factor!. I Ilnii the hrterorlyne type, ~ v l ~ i l e  plottinr 
adrlitinnal curvcs 5imiI:ir t o  Fig. 4, h l ~ t  for 
various drarees nf Ireql~etlc~'  s h i f t ,  l\,ill mi~ke 
renclily nppnrcrlt. thy fact that n n y  rtrnr qenerally 
mcountcrerl with the drqrnprxtive type oC ann- 
Iyzer \\-ill be far I r s s  in mxgnitllcle than  that 
encountered wit11 t h r  sharper-tuning hctero- 
dyne t!,pe. 

Fiyure 5 has been includ~cl to shmv (he reln- 
tiveI y n-icl~ r.inge nvailal)le on t h r  vatu tin1 -t  u l ~ e  
voltineter of the  new atiaI!bzvr, 35  contrnsterl 
wit11 a vacuum-trrhe vol tme~er  of nitire cnn- 
ventional r1cqign. T h e  inclusion of t Ile cnmplete 
operatiny mnce nn n s i r l ~ l e - m ~ t e r  scnIc is ;I 

distinct ad\,antn~e i n  recard to hoth nccumc!. 
and convenience. If the low let~el enrl of thc 
scalp is c r o ~ r d ~ d  so t hx t  m 111 t i  pliers r r ~ l ~ s t  l)r 
used, the Inwel- in1 erlsi t), compnnen ts in hlle 
sollnd are f r c q ~ ~ e n  tly p;~ssecl over without heinq 
noticed when  n n  nnnl!*sis is rnadr. T h e  typp  nf 

meter used on the tretv analyzer prn\.irles n 
rearlil~, not icp;rl~le response for 311 cornponen tq  

having an ;~rnplitucle I-li~h cn.niirh I<> I)e of an!. 
impnr~~lnce  in making tip [he total nnise. 

14s n typicaI example of the type of nnnlysis 

whirh ilia!. I)e ol)t:~inrrI ~ ~ i t h  the r lercncmtiv~ 
,~n:ilyzer ! : i~,  6 is presrnted. 'This represcnrs the 
act(1n1 noisc marlr 111. ;I t~vpirnl hnuseholcl re- 
frigerator of stnnrlnrd 17i:tke. Thc annl!,sis was 
~narlrt with n T>.pr~ 75O-,\ So~inrl-Levrl rnrter atlrl 
n T!pr ihO-A Sound An:tlyzer. The 40-rlecihrl 
we ixh t in~  netwvol-k \\-as uqc.rl on the snuntl-lcvcl 
meler. so the le\,~I nf the cornpnnents cc~rl-esponrls 
to thcir cnect u3rm the averace rnr runrl~r norln;tl 
listen in^ conditions, where rhe  nnise fr-on1 the 
refrigerator is nnticenl~fe h111 not l o ~ d .  

It  \rill be n o t ~ d  ~ h ; ~ t  thrre are sLrnng cnrn- 
ponrnTs :it the funclnmrntal sprrd of rot ; t~io~l  
a n d  ~rarious I~nrrr~onics. Thew is ;ilsr~ ;In apprrci- 
nhle Iium fl-nt1-1 :he nlntor held. Of ;il l  nF the corn- 
pnnents show11, o i ~ l y  this field 11um ; ~ n d  tlie 
Inw.rr frequencies can he i~rensl~rrrl sntidnclrrrily 
with the cnnvtii~tirrnal t!.pe nf heterodyne nnn- 
I!.zer. The strongest cnnlpnnents arp act 11;11 IT i l l  
t h r  r e ~ i n n  l l e t ~ ~ r e n  t 000 and 20110 c! cles and 
it is in rhis  very mnqv that  thr Inryest errors frr- 

quen tll- occur w i t h  heterorlyne annlyzers. 111 th is 
particular ; ~ n : ~ l l , ~ i s  thtsre a r r  wl-eml strong conr- 
ponpnts in this region ~vhicli I-epr~serit rouyhly 
p i tch~d I \ -his t l in~ nuiscs due to \*alvrs, etc, in 
the d i scharp  line. The otlnrr- components repre- 
sent r a t ~ l i f i ~ .  or clnshinx 5n11rlds. \\-hen the 
analysis is ]made n-it11 n conveiitinr~;lI heterodyne 

1'11;. 6, xoi-~ a n i l l y ~ ; ~  of ii t j ~ ~ n r . i t i c  r e f r i ~c ra tn r  3:: cl(~to.r- 
n>il~~.tl  nit 11 t liv flc.~~nr.r:itivc sn~lnd annlytcr. 

t! pe nf ni~;~l!~zer, all nf tllr components nl~nve t h e  
120-c!-cle firld 11111~1 :lrr rrextl?. at tell II;I let1 or rlo 
not 511nn. up at all. 

A Eni-re nr~~i iher  of held tests rrrl rnnn!. t>.prs of 
rneclinnic;rl rqu ipr ren  t ,  indutlinq t!.pr\r.rit crq, 
!\ai.t-ho~il- liietrrs, airplane prrrprllcn-5, oflice 
machincry ;I tic1 a ritc>mnl~ifes, hnvr proved t h;i t 
analyses of t hi.: type as rnntle wit11 the d e ~ e n r r n -  
tive 3n:i1>7~r t10 shcl~.  in their re1;ltive nmpli- 
tildes rhc. in1port;int cn~nponcrits i l l  n noise ns 

h ~ n r d  hy tht. ear. The ncctlmcy of the  i n s t r u ~ t i ~ n t  
on sauncls Tilllinx in I ~ i ~ t h  clnsser seems to Ile 
entirely satisfactory, xnrl r ~ s r ~ l t s  hnvc l~rcti  nh- 

1:linerI in nlnn!. i~lstrlnce? ~ r h e r c  all previoiis 
x l t ~ r n p t s  at  ni~nl!~E~ had hiled. I n  n snrpr i s in~  
nurnljcr of cases hitlicrto ~~ t~q t r sp rc~ed  co~npo- 
ilerrl s due (r.1 slrock prci tation {vct-c she\\-n up II;: 
nnnl~.scr made wilh t h ~ =  dryenrr;l~ivr unit. 
Satiirally, rlich d:ita are ir~i*;~l~t:-ll,lc t o  rn;lntr- 
f i~cturcw, since it is c:)rily I)\- ki~cn~iril: t s o ~ i r ~ e  

Recnusr nf its ilnportnnt f ~ : ~ t ~ ~ l - r s ,  such ias 

co~llinuolrs t~ining n l  low frequencies, fi*eerlo~ri 
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from magnetic pick-up, and stability, the Type 
760-A sound analyzer is being used in many 
fields other than that  for which it was originally 
designed. Of most importance, probably, is its 
use as a null detector in making bridge balances. 
The device may also be modified to function as a 
selective filter. 

To meet the special requirements of certain 
other applications a null indicator and a low 
distortion oscillator2 functioning on the same 
drgenerntive principle have been developed. 

Thc Type 707-A rathde-ray null dctrctor and thc 
Type. 608-A oscillator arc tiescribed in the April, 1939, issur 
of thc Gcnrral ILrlio Exprrim~wter.  

Of the many possible uses of t h e  degenerative 
type of selective circuit, it is believed that  its 
function as a noise analyzer is one of the most 
important, since it provicles a much needed and 
hitherto unavailable type of sekctivity chnrac- 
teristic. The ready acceptance of the new 
analyzer by en~ineers i n  many  branches of 
industry and research indicates that it is fiIIing 
a large denland for simple and effective noise- 
analyzing equipment. I t  is hoped that this new 
ins t rument  will enable engineers to carry further 
their already noteworthy work of making this 
~vorld a quieter place in which to live. 
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