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THE NOISE PRIMER 
PART VI 

ANALYSI S OF NOISE 

Why Analysis? 
The sound·level meier measures only 

weighted or unweighted sound pressure. 
For a more complete description of the 
sollnd , measure ments involving pitch and 

<juality are a lso ncedefl. The 11611al mathematical concept of a complex 
sound or vibra tion is based ul)Oll the }'OIl ricr system of analysis, which 
divides a ny complex waveform into a series o f sinusoidal, or pure, wave­
forms of different pitch or frequency and of definite amplitude and 
phase relationship. Each of these si nusoid al wave forms contributes to 
both the loudness and the quality of the sound . 

In general, what the ear recogni .. ..cs as pitch is the fre<luency of the 
lowest.frcquency si nusoidal (.'Qmponcnl in the oomplcx waveform. T he 
hi gher-frc<lucncy oornpollcnts are ge nerally, but 1101 always, harmonics 

FU;UHI'. 12. View o r t he T yp!,; 76().A Sound Anlllp.er with c<''"er rrmo\' cd . 
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GENERAL RADIO 2 

tl.hal is, integral lIlul tiples) of Ihis fre­
qllcnc~· . and de termine the quality Of 
1,;lIIhre of the soun d. 

For instance, s teady-s tale notes of lhe 
sante pitch. hut pla)ctl (lI}(ln d i/Tcrcnt 
musil'at in~lrumcnls. have the Slime fUII ­
damental frequem') ami differ onl y ill 
thei r harmonic s truc ture or o\"erLoncs. 
Similarly, IwO noises of the sa lllc inlen­
!!it) and the ~a llle pitch lliay ,'ar), appre· 
fja bJ) ill the annoyarH'c the.,) ,'ausc be · 
cause ( I f (Ii(f('rf'nl harmonic make up or 
" quality:' 

A so\ll1d annl p,,.er measures the ampli­
t ude of each indi vidual freq uenc) COIll­

poncntY; For stt·ad Y·!ihllf· sounds. there­
fore, mf'asurcmcn l of level with the 
1I0UIlII-II!vcI m eter alll i analysis of ha r­
monic s tructure \, ill! the sound analyzer 
give II sub~ ll.Inliall )' comple tc dcsc.ription 
of tue sound itsdL T here are other char­
aclA;!r is tics whieh may affect sli ghtl y t.he 
quality of a sound, bUI for general pur­
poses it may be saitl Ibat two s teMly­
s tate noi.-es of Ihe 8ame leve l alHl 
harmonic struc'ture wi ll sound al ike. 

The analyzer sllo .... ,o; clearly .... h)' dif­
fe rent killds flf Illu!'ical in;; t rumcn ts play­
ing Ihe sa mc no te rio 110t smilie! ulike. 
Each has it s f'harae tcris ti c timbre . lI.hieh 
de pends upon the resonances of tile in· 
II trument ilself, 

Simila rly. the Iw ise gC llcra ted b~ all ~' 

mf'cil ani('ai Ilevil'I' flc p,"nfl s UI}() II it s ow n 
resonances. T he sowul profluccd by a 
mat'h ine inci Ullcs nllt on I)' a funJalHcnta l 
freque uc}, J Cj"lCliding ge nl·rall y upon till' 
machi ne's spee(l, bu t a lso nHlny o ther 
componen ts Qf higher frequc n('ics. u,;u­
ally ,Icteflninecl by tim various resonant 
freque ncies of Ihe mac hine parts ami 
struc tural ele ll1ell Ul. 1\1 an} of these 
resonances a rc eak ul able l & ur llIeasur­
ablf' b), various me thods. li enee an 

" t;.""1I' ,,,,d ... ",,, ..... 1 """,I";,, ... ,b" I,h .... or Ih~ """,. 
""" .. " .. ~" ... "'" .If.." 'h~ U' .",1 h ... C<." '''''''' ... ''"."' r", I""I~ '''O ,,( ""i..., ' ... a .. "~",~,,' 

a nalysis of the 1I0ise will provide lIlally 
clues to the souree of the various com ­
ponents. \Vhen ' he sourC(' of the noi;;(' ...-. 
is foulIl!. the prohle m is half solvc.1. 
Of Ie II re latively sim ple mQllificatiollS 
will e ntirely eliminate till' lwise . 

Then'fore a sowul ana lysis is u;;cful 
for t wo impor la llL reasons, In the fi rs t 
place. it IlI'ov illes defin it e inform ation, 
which can be recorded fo r la ler rdere ll ce, 
as to the ma keup of the sound . In the 
second place, the sourccs of Ihe sound 
can he ident ified through their corre­
s pondjn g frequency components. so Ihal 
de fi ni te s te ps can be laken to reduce the 
sound through prOI.ICr rerlesign of tbe 
Illechan ism. 

Classification of Noi ses 
.\-lachinery noiscs may be di\,jded 

roughly into Iwo classcs. The firs t in. 
el udes t he funda ment al fre(IUf'lIcy a t 

whic h the m achine is ol.ICrali ng Ilnd va-
rious harmonics thereof. as .... e li as any ~ 
1I1hcr components which vary in fre _ 
quency propor tioll a ily with tlte funda-
men t aI, Soumi s of t his class are gellerail y 
charae lcri .. .e(1 by Ihe hUfll lOllic re lation -
sh ip bc.twe(' n t ill' various component;; 
and arc charuc tcril';! ic of Illos t types Qf 
rotatin g or rc('iprl)('llti ng I1Icchanisms. 
part icularl:r those opera ting at high 
speeds. These are the noiSt's ,'0111111011 1 Y 
referred to liS " pit chefl. " 

T he second class o r noiscs cont ai ns 
tbosc components which urc f /Or ,Il'fi­
ni tely related in frcl lueney to tlH' funda· 
mental speed of the machine. The8e \·i· 
bralions are generall y ca ll .s.:d by shock 
excitation at the machine fmul umcnta l 
Sl)l.'etl or some harmonic of i t. They pro· 
duce u ser ics of dampefl W1\\ CS "hose 
componcnts correspond to the na t ural 
freque.ncy or harmon ies of I he I'ihra l ing 

"1'", ~" ..... "" .... J. I'. 0., .. II . ,,(\~, "\ I ~ch.nl~., \ 'i _ .......... 
Lr.,'''''''''' l,uhl1,hod 10,. \ 1<£ .... · 11 ,11, i'HO; S. Tin_h.,," ... 
·· I·;b .. ,I"" 1'r"I.l<m. , .. t;"~i" .... ,,, ,," " . .. ~"'Ir'M.I. 193;: 
I. II. C.."d. l!. " Th_,. "r Vib .. ,,", S,.'~m. 0",1 Soo.nol." 
V." ", .. " ...... 19"'.1>. 
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par ta, rathe r Ihan to the machine speed 
or its harmonics. 

The actua l frequcncics inl'olvcd in 
such soulld s lire selllo Oi clearl} defined, 
"illl"e the e ffec ts of shock e);("itatioll, the 
Ilailiral damping of mcchanical parts, 
tl .. • move lilent of the parLs, IIml the vari. 
alion of forces illl pressctl upon the m 
cause apprecillhle frc<Juc ,wy varia tions. 
Sudl SQUllIJS a rc commonly referred to as 
" ullpil ched " slid include rattles, buz7..Cs. 
and si mil ar noises. Their sound energy 
is generall y spread ove r bamls of fret 
quencies ralher than being (,'Onfined LO 

lliscrete Cretlue ncics. 
The noise of most machines contains 

both pitc hed and ullpitched components. 
but usuall) lIIos t of the important sound 
cnergy fall s into one class or tile othcr. 
For exam pic . the whine of a dynamo is 
almost e ntirel} a pitched sound in 
Class I. ;\ t} IJC "riter, on the o ther 
hand , produces noi;:;e almos t entire!}' 
ll'rough shock e xcitation, and hence this 
no ise is an ullpitched sound. fa lling into 
ClaSil 2. 

Unvitehed sounds, except ill those few 
ca:.es slIch as the typewri ter. are charac· 
I,cristie Illllinl} of machines which arc 
poorly d~s igned or in poor re pair. The 
presence of s trong Class 2 COlli p()ncnts in 
the noise produced by a lIIachine to 
which th~) are 1I0t characteris tic is gell­
crull) 1111 imlica tion of trouhlc. 

Analyzer Characteristics 
It is well kno"1I lhat the ease "ith 

"hieh a frequcnc}'-selectivc e lectric cir· 
euit Clln be IIlljusted to reSOllllnee with 
lUI}' rart.i,·ulllr signal COllllKment de· 

FII:;l,;tll, 13. Fuuctionlll hloc:k d iagra m 
~ho ... il1g Iheotot'ra lion of ,h .. Tl' l·x i60·A 
Sound \uaIy7_f'r. It <:(I,, ~ i~u of II high 
gaiu olt1l'l ili ~r lind II fre(lu f' ucy.ltClccti,·c 
{,'<:< JI,acl. nCh,,,rk, ao df'~ignc, 1 I!JIII tl", 
fee. lI,a l·k i ~ ,I<'gf'nera ti,·e III 1111 frequen. 
cit:!! e.1""1,1 Ih ll l to .... hich 'h" ""' .... orl.;5 

lulU'''1. 
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pends upon the s teadine&! of pil ch of 
that eOUlIKHlcl1 1. Fluc tuation. or fre ­
{IIIt'ney modul ation, of thc pitdt be)olHl 
the band "illth of the f!oC lccli H' circuit 
produces an altenuation of ll,,· reaponlit' 
dependent 111)011 the Iype nnd ex tent of 
thc frc(llieIlC} modulation nnd ul)On the 
characteris tics of the selcct i\c eirc uit Y 

\l ost users of soulld·mcas lIriug allil 
. allal~'zing e'luil'llIent art' in agrecment 
thul in thc idca l Iloi..e unal}'1.f!r the 
band "idlll of lhe sclec til i t} CUf\C 
IIhould be prolKlrtional to the rrequency 
to \, hiell the de lite is IUIlCd . For Cla,% I 
IIOlInds this "ill provide the minimum 
error, slna;: an} attenuation ca used L) 
fretlucncy motlulution of t he sound ",i ll 
be C{llIal for all comlKlnents, and they 
"ill then be Ilwas-ured in their true rela· 
live proportiollil. 

For Class 2 sou nds it is obviously 
more dillicult to dt'terminc tb~ ideal 
se lectivi t.y characteristic. Lut the con· 
s tant .percentage I ype, \1 hid1 II idcns 0 1l t 
in baud ,\;d,h vroportiona ll}' as the fret 
'1uency is increased. is far more !luitablc 
for measuring tile ullpilched cOllllKments 
Ihun an ullul)zc r with ra zor-sharp sc lee­
th·ity in the high.frequency region. The 
degenerati" e t) pe of sound IInlll~ 1..er 
which has inherenll} a COll ii ta nt·perccll· 

" t' • .., ... 'he .... .... ",. , ..,.1 'Un"poi"" I"'I~"'~' """III . 
I. , ;"" »rod""... o,iJe I..IIJ •• j"., ••• ""~"'" ~ " "..Jill.,;..,, 
.It>o .. 1" f.~qu~nt·' ",,,,,,,lotion .".., ..... de b • • "I. co.'~ • 
10.04 ."dth """.1 ,,, ,h. ,..".1 rl'<'<f"ftI<Y ... l~ •. ·r he.. .OJ. 
Ioan.t •• I>ow ............. 1'"""'" aI"'" in , .... f,.." ..... c,. .""" .... n. 
hr ;n' .... ,'" ~U., ,,, ,b. modul.l;"" ,"" ,u."~r ... h.l<:h in 
_dII-.-,. ..,.."" ... .t ~ib ... ,"'" t,robk ............. 11, "ftr 
1_ • .., ,hot ''''' ...,~ bond. UnDO' be _ .... od ..,,,.. •• '.ur 
... i,b , .. , p"~''''1 "".1,._ .... w ... ild.1e. 
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rage bUI.d "id.l, " ILaractt!rislie,11 has 
been de \t~ loped for noise analysis ami ill 
genera!!} ootter adapted for that pur. 
pose th an the man) rnodificalious of 
he terod yne and other IY I>i:8 of analyzers 
",hid . are a lso in ut>e. Figure 13 shows 
the pri nciple of o l"le ration of the dege n. 
.. ratiH~.I} pc IInalp.cr. 

The (.;,·lleral I{adio TYI'E i60·A 
Sound >\nalp·.er1u is of the llcgcncrsli"c 
I}I)/l and . [,c"au~ of its unus ua l ci rcuit . 
it is bOlh incxpeusi ,'c and casil)' port. 
able. IJcClIUse of the absellce of induct. 

"'f'be ......... T of ,hi. d~;, " ... d"..,,'bod i" "Il N",.. 
Ty .... "(Sdt,,,,~. Cin:ui, ... d s.,,,,,, A"pl;"',Ion •• " br U. II . 
1O ...... Ptve.1.K.E •• " 01. U, ""'1, F"bt .... ', 19l&. 

'''TIaio ..... ,..,. w •• 4.-u. ... ;,. -n.e 0< ........ " •• 
Sound "uly_.~ b, II. II. 5 ... 11, The J ..... ".I,,(.h.e A_· 
.ieool s...;.,.". or A....,.."'., " .... II . 1'1<>.:. oc.o ....... <139, .1 ... 
"An An.I,_ r"" N"..., ;\!u .... ehkn'," ~ Ht>tIio t>. .... 
"...i ...... ' ..... ~·el'"'.,.,. . 1',13'1. 

allces ill the design of this illstrumt!ul 
alld the comple te dec lros talie shielding 
of Ihe ,·ase. Ihi s instrument is quile 
ullaffec ted II) onlillury e1cetrolllaglit'lie 
anJ cleetros lali{' fields. 

Where a he terod yne.type ullu lp ·.<: r. 
such as the Geueral Hadio T\'I'~; 736·" 
is availulJle. it also CUll be used for lIoi6(' 
analysis of SOllllfl ii \\herc the piteh iii 
COlls tan l ulIll 110 impo rtant IIlIpitel .. ! ,] 

componen ts are presen t . Wllcrt· lie ,> 
equipment is to be purclJased. ho\\ever, 
the TYI-!': 760-A Noisc Anulp;cr i~ 

recomlllended because of il l grea ter 
genera l usc(ulnesR lind the leili\t:r l.IOss;­

bilit y nf error . 
T he follo\\ing ins tructions appl} t '1 

the TYp~: 760·A Noise Analyzc r. 

PART VII - HOW TO USE THE SaUNa ANAlYZER 

Relative Readlnls 
The '1', PI> 760·:\ Noise Analyzer is 

comple te!) self-contaillcd allll opera ted 
frolll dr} hatler;c8. J\o ba iler} adjust. 
lIIen ts urc f(:<Juirctl. Push bullons and a 
/Icon IUIIIJI 011 Ihc pand indica te \\ he tlll: r 
or not the balleries lun e sufTi('ien t \,011· 

age for 8a tis factof} 0 l>eratioll. COlllple te 
inslrut'tionseovering lesting ami replaCt'. 
lIlent of lite hauerie!! will be fo ulltl ill 
the CO\l'r of the inst rument. 

I 

Iii 

The analyzer is tUlied b), IIICU IiS of 
the lar~'t: kllo b alld the row of push 
bullons beneath it. The billions select 
the particular (reque lll'y runge and tl.e 
knob pro\'i{les tuning O,,'; r thnt range. 
T lte ca libration is direct rcnding in cycles 
pe r !lecond and may be COIl\'crtetl to rpm 
L~ muhiplying by 60. 

To allulp'.e a soullli . connect t.he inpul 
of the annlp '.cr 10 the output. of the 
8OIlml-lc \ c l me lcr b) means of Ihe cord 

Jlml Fl(aJIli( t L. eo"'l'"ri$o)" or 
the selecl;, it, e"nt:~ of a dt:­
Ilenc:ra t;' (: a;,J a heLerod),,,, 
analy"er. The tl ..generalivr 
ana L) ,,-!'"r. 1 .. ,c,"" ilC o r it l t'Ou· 
8t llnl 1'c:rce"l~ge tieiedi";I), 
i~ 10 I ... prererred for noi .. · 

I "uip is. 

.. .... - -
«)WARISC)ft Off st:L£CTMlY (UM:S Of' 0£(l£0VIAl'lVE AND ~"L 

I£IU\OO'I't€ AJIILYl!E!IS 
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provided. UOlh instrument.! should be 
llirnetl on. The level o f the sound ,,,hich 

- s trikes ,I ... Init'rophon,' ",ill l.le indicatcli 
dire.·,I) Otl thc IIIc (('r on thc It3nt'1 of tltc 
50lllld · lc,·cl IlWIi·r . Tlti ... rc;uling is the 
willi dotttul pressnrc. !'ress Buttun \ 
011 the IIOllml anal} Zl'r. '" Ilit'li selecls the 
:!.:;.1I).7i).(·,de range. auJ lurn the lIIai" 
tlial ~1(l\" I) frOIll 25 to 7il 1.', des, nnling 
Ihe tlc fle"lioIl6 of Ihe metcr on the souml 
unal,),zcr. Hepcat this pnM'(:Jiij, (,'O\crill:; 
Illc I'n ti re rllnge of thc ill strlllllelli L) 
8ucl'cssi\ el) depressillg BulloIIs U, C. 
0, IIml E and turning tl.e dial around. 
The inSlrument is so COlls trllc led Ihal 
the dial ma) be rolated 1'01i1i1lU01l61, ill 
one direction, thus facilitating rapid 
seanning <.of Ihe entirc fre(llIcncy raub 'C . 

Durin g tillS pr(K;cP08 lilt: >:IC lls iti vit) 
I'olltrol of the 3nal)zcr ithould be turned 
do",,, ",hcue,..!r II compOllen l is found 
v. hich delict, I,; the me te r llbow~ I he I OO~ 
(0 db) point , 80 that Ihe IIIl"ler read i> 
eXiled) 01 this point. Thi s sets the sellsi· 
li"il) ~ 1I('h Ihat thi.' annlp-.cr wi ll reatl 
1/)00{- 0 11 tht' loude8 t t Hllll}tlllenl in the 
sound . lJu not ch{/I/~ "l(~ settill!!, oj tltis 
col/trol before rhe tll/alp/is is compieufl. 
The ana l) zer 8hould thcu be carefully 
tuned for IIl1lximum a tlll'tilUilc 00 each 
l)OmpOnCIlI l"ithotlt louching the llensi· 
ti vily control) and tilt' rC~ lIlts recorded. 
This provides un unalrsii> direct I)' in 
lerlUS of the loudcsi tJOmpoucnt. \\ hieh 
is gcnera ll) . btll 11111 a lwa)8, the funda 
menlal. 

The St' IlSili \ it}' t..'()ulrol 011 the anal) :rer 
is intcmled only for use in making the 
initial 8t! lting and it should not be uscli 
as a multiplier fo r the meier or to t''\:. 

te nd the scale of Ihe Im·ter 
The vaetlwn-Itlbe volt meier t'ircnil is 

80 arranged as to pro\ ide a semi.logarith_ 
mie sf'ale charactcri~lic. in order that 

~ ronl l)Onents varying in amplitude OH:r a 
range exceedin g ·10 db 1ll1I) IIC reud fli· 
ree lly from Ihe st'ale, and ",ilh all ae· 

5 EXPERIMENTER 

curacy proportiollal 10 the illlt.lOrtJlIII .... 
of Ihe COlllponenlS. That is. ule 6tr<.ong­
e!;ll'OIllpOllc nls are rcad lI'i lh the highes t 
dt'gtce of al·('urIlC). The IlJc ter is 
"quippell ",ith tv.o ;;ca les. one ill dcci· 
bels aud one ill pe r(.'cntage of full scale, 
&0 dial lIIea;;uft'lllc nlii may Lc IIHH.Je ill 
',hatevcr ulliL8 art· m OSI 1..'OlJn-nicnt 10 
the operator. The aecurat;y of the l'Oft­
lIIeler culibnllion J" maintained b)· 
/IICll n 8 of a ncon ball ubt luLe. 

TIlt' anul):I'.t:r iS t'quipped v.ith an 011 1· 

pUI jaek for ofJCtalillf: a pair of phones. 
thus a llo"'ing the llser to lis len directl) 
10 the parLicular t'oml'lUnClit beiJl g lIIea,,· 
Ilr\:d . Thesemi.logari Iltillic charac tcri"tit· 
of the lube voltmeter drcuit provides an 
autOlllatic volume 110nlrol effec i at the 
phf/lles Olllpill ja.·I... thus avoiding tlte 
po.;;~ibilit, of at.'Oustie s hock 10 Ihe 
operator," 

Absolute Readlnls 
Ht·luli\'e readingb ute generalJ) s uffi · 

cient. fo r pral'tical anul rscs, bllt if il is de­
sire.1 to have the r!': lIliings in le rms of 
the absolu te sound le \el rather than 
refcrn·d 10 Ihe strongclIl (:olllponent. 
proceed alt rOnOv. 8~ 

Plug lite ..ound·lc \ e l meter into an 
a lte tllllling·cu rrt:1I 1 p(m er lillc and ad· 
j us t all eoutrols as "lien 1"/lljhru ting. This 
will provide a flt·ncf'tioll 011 the indica t­
iug me ier or utlproximalel) +5. 

Councct the anal p~cr 10 Ihe sound­
Ic\{!1 meter, tunc. the analp'.Cr to the 
power-Line freque ne) and adjust Ihe 
SENSiT IVIT Y cOlllro1 so tltal the ill. 
lli('Jllilig ruewr on the 3nlll)zer reads 10 
fib lo"er thall Ihal 011 Ihc sound·level 
1I\I'Ier, For instance, if lhe sound me lt:r 
rcads + 5 the allal, :I'.t' r lUe ter shoultl 
read - 5, Do 110' rt'O(fjllst 'he S£,' S I. 
'I'lvrJ'} ' OOlllrul further. The llial ilia) 

" Ilecou"" of !L • .., ."., d •• ne,.,..I,, ; ... 01.., W !VUI ., !he pi,,,, ... , .ok ;, ,,<II • I""" 01 ....... .,. Lu, ;! ., •• 10\1 ... 10 r"" 
.11 h ... n;nl PU'I"'_' 
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GENERAL RADIO 6 

~ marketl ",iLh a Ilcneii It) .. h.)\\ the 
prnpt'r se tting. if flc"irc.!. 

Disconnect die suund·ic \-cllllf'tl' r frO l1i 
the 1)I)1\ (' r lill!~ IUIlI adjll~ 1 the DECI· 
BI~ LS ('OIllrol of the suuud·len-I meier 
[or norm al IllCRi' ltr('UH' nl of the sound 
"ilh the imJicaling mder sho\\ill g a 
deflection bcl" c.'n 0 IIud 10 ('seept. of 
cour:'>C. for lind,;. helo \\ 30 <III). Tile 
allal)~.c r may thell be tuned 10 clioh 
jndi, idllal componcnt ill the norrlLa l 
IIHIIlIiCr. Do nOI dUlilge lhe se lling of 
the ..em·iti, it) (,()I\trol 011 Ihe RllaJ)Zer. 

The absolute Ic \cI of ellc h component 
1\ ill he intiiealctl llirec'll~ b) Ihe alge­
braic sum of the ;;e lling o( Ihe DECl. 
BELS Sv.ilch on the 1I01l 1l.1 ·lrvc t lIIcU; r 
:lIld the dCf' ihc!s I'(,UI/illg of the ilillit'at­
iug meter on lhe alllil)':r.cr, pillS 10 db. 
The I)EC IBELS !;\\itcu on the sound· 
le\ cI mett'r ;:hould no t IX' used to Ill' 

t:rtasc the delll-ction o( lht' me ier on 
the analp.cr Oil low amplitude COlllpO' 
n~1I t8 s inl'e I his " oil itl 0\ crload I hcoul pUI ,-.. 

,-i rcuit s o( th~ sflllluJ·l"vcl IIIe ll'r ;lIId 

GUUSt: .l is torl iuJI . 

Choice 01 Ne twork 

Beforc muling an unalp.is one (Ieei· 
sion mus t bc Illude . W!lich iii , 1~ 8ircd­

a 11lc usurc" ... nl of Ihe ul1Iounl \, hif·h 
caeh "ol1l1lO11( 1)1 con lribul,CI! 10 Ihe 
soun.1 <IS IICurtl J, ) Ihe car. or II llircl 'l 
ph) sical m("uSllrcl11cnl o f Ihe rcla li\·c 
i11tc ns.ily of each c011l1-'0n~nl? I( Ihe fir!;1 
is desirell . Ihe sa me "cighting cun'c 
should be lI:.l'tl as "hcll 11lcaburing Ihl' 
noise "i l ia IIIe me ter alonc. If a llircc t 
physical IIlt'aSUn'llICII I is dcsiN'rl. how. 
e\cr. the C l'tlr\e (I);It ) s hould alWa)8 be 
moe.!. - J I. II . SCOTT 

(1· ... be- n:mti'lUeJ) 

METHODS 
AT 

OF OBTAINING LOW 
HIGH MODUL ATION 

DISTORTIONS 
LEVELS 

• UNO 1ST 0 R TED S I G N A L S at 
high modulaliou 1,'\I'ls art': sometimcs 
quite tlst'ful in till' laboralM) (or teil ling 
purposes. but dibtortionlcSil output iii 
not easil y obtnilll'li (rom IO\"po" crcll 
lI's ling equipment, In ~'('"cra l , 11lf'6C dt,­
\ ices tend 10 proJUt:;c appreciable di s­
lorlion whell operalell at high mocJula· 
livl1 le \-e ls. 

With 6Ialularfl ... ignal !!cneratofs, diNe 
nrc l"O con\('n;eni mClhOtI" b) means 
of \<'hich 10" distortion at high lIlot1l1 la­
lilll! len·ls ('1111 1.It' oLtuined. TheSC urc 
dcscri!'cd belo,", _ 10gClhN "ilh lheir np­
jJlil'lIlion to Ihc T\I'I~ 80:)- ,\ Stamlanl­
Signal GelleralOr. 

(I) Carrier Amplitude Reduction 
I (II modulaled f'(' 01 I age be combined 

ill lhe prul:lCr nU11l1lc r "ilh an ullfIlodu· 
lalcd f-f ,tol tag(' of Ihe same carrier (re· 
'1IIcnc}, but of oPI}06ite phase. tile rt':-

sultan! output "ill lIa\'e II highe r 
pcrcenlab't: nlOllulal ion and lo'"' cr am­
plitude than the original. Tllu .. it ll1a~ 

be seen Ihal, s larting: "jth a sourcc of 
lllOOulalt.'(i earrier-frcqucnc) \ o lt age of 
rc luliYel y 10'\ IHOliulalion 11;13101'1;011. 

(lnd rc(lucing the umplilude of Ihe car­
rier eomponelli . il iii rlOssih l.~ 10 in .. rcaee 
the IJCrt:elltage 11I0duiaiion ",il11 no ill, 
t.' rt'a.se in modulalion dis tortion, 

Wlle ll the '1', I ' ~: 805·A SllImlard· 
Signul GC llcralur is operaled II I 50C'~ 
mooulatioll . Ihe I1101Iulal ;on dis torliOIl 
is \C r) smull. Lsing Ihis illstrUlllcn l ail 

a source of m.ltlulalell carrier frequcncy. 
il is men'-I) lIeCt'ssar~ to pro ' ide 1\\0 
linear r·f amplifiers alHl to opcral~ their 
outJlut c;rcui", in paralll'l ami 180 de -
grees oul or plwsc_ Sill(,'C it is lIc(;essary -.. 
to oil lnin 1I 1111lotiulatciI r·f ,oltag.· fro m 
lhe signal ,"'Cllc ralor_ OJ1e of Ihe linear 
r -f amplifICr8 Ullu;l be direell) .:uupied 
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10 the r·f oscillator in the TYI'E 805·:\ , 
ouL through an isolating impNlum .. "e 

(ll) in order 10 a\'oi ~1 n'lu' ,ion on the 
06(' illnl or frt'qucllt·~ .. The !;el;on<i r · r a m­
rlifier IIIU) loe ool\o("(' lcll diN'," I} 10 the 
o utput lerruinals of the SigillI I /!t' licrul or . 
Thi!! Ii~ s te m is sllo\\ 11 in sdlt'lIIal iI' form 
al tht I,Hler riglll of Figme I. 

There IIrc !le I era I prC(" lul i01l1l 10 he 
OhSCfl Cl1 if I:Hl lidlll'lOr.,· result !' nrc tl) Ix­
n hlaincd Ili th thi j; 6}stC IIl. '1'111' 11\U r.r 
a mplifiers 1' 110111,1 be identical in 0011· 
s truc tion ami ha H' Icry ncar!} lhcsamc 
pha~ shift. Bt't"II I1St' exae! phase bnlanl~ 
C811no l be COII\ coi('11 II~' oLtainCl1 lIIll.,ss a 

variable dcuwnl is iulrodllt'cd inlo olle 
of the f·f !lmplifit·rs. sOllie stich mea!!,; of 
adjU '41l11enl should be pro,' idctl. C:un ­
trol of the alllplillld~ of e i tllcr or hOlh 
fl illplilit'rs prol ill t'."; a Illt'ans of II(ljllhling 

111,· pt' rf'(' IHnge 1II00Iu laiiOli a l I ht' 0111 pUI 

of lhe 8)@ le rn. It is also quit(, imporl lHl1 
to isolal,e Lhe 1\\ 0 r .r amplifier .. 10 pre · 
1t'1l1 l'r'l!\S.modulatioll he llll'I'1i die m. 
"hidl 11011111 1f'1II1 10 illlro<llIN' di~lort ion 
and, umlt'r ('Ntain con,lil ion!'. "oul,1 prt·· 
IClit It !I)llIlllO'trir'u ll ) lIJorlll lnted ,1;.,,' 
(rolll l"H'ill~ o l!l ni ne tl. '1'111' ina l.il il ) 10 

IIllj ll8 1 tht' 1I1001ullilioli 10 1001 (. Ili lho ul 

t'lippin g IIt'guti l" 1II0tllllali')II I~ ' ;rk ~. j" 

anotll~ r in,li" al ion of lrollhlo~ of this ~orl , 

7 EXPERIMENTER 

Further c ircuit prcclHlliolll! involve 
Iht' II;'C of 8 loltll)!,e·rcguhtt t'd Stlppl). 

esrlt!(;ia ll}, 0/1 I hOlle ullil @ "hidl do nOI 
halt' inlern al l) regulater! I ~H,er .!! lI"plie8, 

This has ht.'Cn (QU lld nCt.'f'8~;.r )' in order 

Ihal 11)(,' "ollagl' Imll "hilt-(' bllhmce of 
the 8)6 11'111 1-", lI1uintaincr/ \\ilhill the 

dcgr'ce of [H'cu rlt('y rcquirr·d. 
i \ s uilable 1IIt'lIn!! for Ilelcrlilinilig the 

e,~m'l pcrcentage m odu lution Ic \'e l "hell 
opt'rfl ting ill Ihe I icinil) of 1000; is de· 
s iral,lc. An) of Ihe eOlll c li lionfll mclhodi 

e mil'o) ing a t·;tdlode·ra) oscillograph 
<..'0 11111 i)f' tiSi'l L It i8 tltlil~ diffinl lt 10 

de termine. "ith an) dq ,"Tl'e of accuracy. 
till' exact point l l! ,,!rich IOOe-:- modula· 
tion iii rca(' liell, I.ollt·,,· r , alill SOIliC form 
of an indicating lI1eter Ot'C Iil IO more lI8C ful. 
The Tn~; 726· ,\ Vnl'IIIIIII-Tubr:' VolL· 
IItctt'r has prm t'd to he II' ,i le <..'Qoven · 
ient for this pUI'(JO;>C. \\ hen used in 
101\ illlpeliallct' ('ircui u al \oltage le vels 
lto.we L5 \·olts . llic "euk'~ilponge char­
a(' l('r i;; li l'" of tlr i;;; ;n".lrlllll('1I1 a rc excel · 
le l\1.1 

\ TYI'r:: 80S \ S ta nd ard ·Signal Cen· 
(' rutllr. nSf'11 us a f';IOurCt' of 1Il0(lulatcrl 

"n ,. ' .... r ~ 72{,·o\ 1 ...... tn·'r"l .. I "h",.tor ... iII indic • •• 
I'u l .",,,t ; , ,~l,," n f ""I'~I;';Y C ".n.I~"" . " .... ~Ic.J ,h . p •• ~ 
. ",.,li.",I. '" nlo'nu'".d 'or ., "' .. , ,001 .. , ,10 .. 1''''1.0<1. T tw, 
.... 1. ,u,'",~ •• 1 ..... ,1,1 h. m""",II ... 1 lor 1.4 H ....... in_'" .. 
I"" ~ YOI ..... 

1'".1 " 1': l. Sr:hf.' n.a li.., .lia~r8'" .. hm. illg I ... ·,t h 1I1 "lhod~ or rt'(]".., in lt tli ~ t l)rlifon ail "/'1'1;, .. 1 
, .. Ih .. '!''''g 805- ,\ Stanuaru .Sigmli (; l'" " r" ,nr, Th(' !ligna I ,,(' .wrll l,,' i .. . ho" " 81 Ill' 101' 
IJr Ihl' uiagram. Bdu .. . a l II ... ri e: hl. i~ Ihc .. H.";I·' r('dul' linn ~\"Btr·m ; .. ' Ihe lefl. Iltt' ,",lIio· 

rr''''I'''''w~ ,Il', en<,ruiun ~y"'I"m .. 

"'UIl,a ... "", 1.OClClU.. .. ,CI'! 

"' ~ 
.-----,-----rl 

q-r 05(, 

~ 

"" ... ______ ruJM 
"'tTllOOOl)-CAIIIII£" II£DUCT'ON 
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GENERAL RADIO 8 

carrier freq uency to drivr tln< lll .... am­
plifiers. has n15ultcd in measureme nts 
as 10\\ a~ M:% modulation (Iislor.ion 
at IOOC( modulation. The tes ts Ilerc 
llI ade 3t ('arrier frc{llIc ncif's hcl wccn 
500 amI 2000 I.e alll i a t modula­
tion frcllucncic;;; of 50 to 7500 cycles. 
The instrument was c'( ternall,' 1110,1\1-

Jilted . using a TY N: 608·A Oseillutor 3 15 

Ii 6ou.n;e of alll li(l frNluf'rw if's of v(-ry 10 .... 
distortion. 

(b) Audio -Freq uency Degeneration 

If ,l i510rliol1 of Ihe onler o f l Y2f1 ('Ull 
be tolerated , 11 l'on;:. i,lcr<lhl ) simpler 
method than that ,lcS('ribcd above call 
be \I~d. This s}S lc m . " hieh is IIscd in 
hroadclisl Ira mi-mi Llers. ii' hase,1 on ill­
I'c rsc ftjcdbaek of the Ilux lul ali ng fre ­
flue noy as it appears in the cIII'elop.:­
of tbe ou tput voltage. The modul ated 
output of tile generator is rec tified in 
a li near detec tor nlHI the aucl io·fre· 
(Iuelley components are then amplified 
and degenerotivcly coupled to the in· 
ternal modula ting amplifier of the sig. 
nal ge nera tor . T his res ults ill a reduction 
of both the alllplilufle 3mlth(: ,liSlort ion 
of Ihe modulation or side ·barl(1 rOIll· 
l)fl llc n ts. Loss in amplitude rn a~ I,,· 
compensated for by irwrcasing the oul · 
put from the mod ulating oSf·jUalor. 

The arrangeme nt a t the lo\\er le ft of 
Ihe schematic fli agrlUll of Fi gu re I 
sho \\6 how thil' sys te m ca n be usc'] \\itll .-... 
the T yt'E 80.::;·A StalUlar,l·Signal Cen· 
erator. In this circuit il is desiraLle to 
opera te the diOflc a l the maxi m run \ '01 1· 

oAe obt ainahle fro ur the instrument. 
CmHll'("ting the diode 10 1111' oll lplit sys· 
tem.directly ahead of the OUlpll I control. 
\\ill work sa lil'fa!'lnril)' wi lh lilll,.. or 
no reaction tq){111 thc in lerna I r·f am· 
pl ifie r. Sufficie nt loltag!:" to Hjlt' rate the 
([iooe 0 11 the linear portion of it l! char ­
ael,c.ris tie will 1.11' ob[a ine,1 0 11 all hUI II ... 
highest frequ(' llcy range of Ihe inlOl1'u­
mc nt . A suilabll: nOIl -,lislor ti ng au,lio · 
frNlllellc), amplifier sho ulol [)f" coupled 
to Ihe ,Iiode and tt ;«!ll 10 pro \' idc Ihc 
rll'CCSSlrry fccrlback I'ol lah,\,' This. for 
eonHmierU'e. ma), ('onsis l of a singlt' 
duo·triode tu be. The output of Ihis 
linear amplifier should l,e couplerl inlo 
the ca lhode ,~ircuit of V·3 i ll Ihe Tn 'E 
H05·t\ . For proper op"ra tion, Ihe linear """'" 
audio-frcque ncy nmplifif'r sllOuld he pro­
vided wilh means of controlling Ihe out-
put amplitude, lind tbe a mou.llt of loca l 
dege nerat ion. which shoul d be adjus tclI 
ror minimum llis lor[ io l1 . Be!! t resull,s an' 
ob lai lw,1 by modulatin g th(' ,!" 1' £ R05· ,\ 
from a n I'xll'rrHlI amlio oseillllt or of goo,l 
wa \·eforill. stwh as Ihe '1'\ r' E G08·A. 

- C":. ,\ . C\ II\ 

TilE Gen.eral Uadio EXPf.'RIMENTEIl is muiled wit/lOut clHlrge eue /l 
month t o engineers, scient ists, t,ecllnir:ians, find olhers interested ill 

eommunieafion.jrequ,ency measurement lind corr'rot probfem s. Ir/ ll e ll 
sending requestlJ Jor sublJcriplions mrd (uldrelss.dlllll.ge flo'ice.~ . "ietJ.<le 
supply theJollowing inJormation: name, eomp(Uly flUme, ('o mp(III..Y un­

dress. type oj bllSiness company is engaged in. 111111 litre or /Iosi tion oj 
individual. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A. MASSACHUSETTS 

BRAfoICH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 

lDOll NORTH SEWARD STREET, LOS ANGELES, CALIFORN IA 
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