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FiIlU ' . I . I"ane l ... lo ... oflhe Typ. 1900 . A Wo ... . Analyu •. 

NEW WAVE ANALYZER HAS 

3 BANDWIDTHS, SO-DB DYNAMIC RANGE 

Th{' lWW TYN: I!)()()·A ',"avc .\lIn­
iyu'r, shown ill FigurC' I, is onc of the 
mo,,! \'cr:Sltii(' ml'H:'iu ring in stru mC'nts 
c\'er de\·i;;;cd. 

In its primary fUlll,tio]] a" an C'i{,I' tri,'­
wa n ' 1I 1laiyz{'l' or ~I('{,ti\'{' \'oltm{'ter 
owr the mngC' from :!U to :11,000 ('ps. 

it pro\'id{'s thrcc dilT{'fcnt ba ndwidths 
:{, )0, and :)0 cps nnd a widc 

sensitivity fli ng" io ('ovcr a nuiety of 
spec-trll m-a llniysis rt'q llin:'mcnts. 

It:; thrcc Jnct('r .~p('('(I Il. tog('l her with 
the thre(' bandwidths, make it cxccp­
tionally useful for llois(' analysis. 
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-
FIIU •• 2. Blo.k dlal.am 01 II ... all. fY 1 ••• 

The linear frequency seale, the timlc 
!.mill/width:;, :111(.1 a high-levd, SO-db­
dynamic-range output make the com­
bination of a Tn' ~: 1;)21 Graphic Level 
Recorder and Tn~; I!JUO-A Wave A n­
a lyzer il rceording unalyze r of out­
F.tanding usefulness . Another O\ltput 
for use with I- rna cit' recorders is also 
ineluded. 

The a nalyzer also fUll ctions as a 
tU llable fi lter, and it has a generator 
outpUt t.hut tracks the tuning of the 
analyzl'r, thus proddi ng both a power 
source and II tuncri-vollmetel' detector 
fo r network measurement.s. 

The addit ional features of a largc, 
mi rror-bucked meter. in-line frequeney 
readout, predsc frequency sct tabilit.y, 
exccllent frequcncy stabilit.y , a COIl­

stant one-megohm input impedlUltC, 
automatic frequency ('ontrol, and a 
quick ctd ibriltjon tes t, make the ana­
lyzer easy to usc. 

DESCRIPTION 

General 

The THE WOO-A Wa\'c Analyzer is a 
hctf'rodync type of annlyzer. As can 
be seen from the bloek diagra m, Figuro 

2, the main filter is a 100-ke qUH rtz­
crystal filter. Any frequency in tIl(' 
range from 20 tQ ;)~,OOO cps can be 
heterodyned with the lo('a l oSCiltll.tOI·, 
which is tunable fmm 100 tQ 1M kc, 
to produce a 100-ke diffNencc fre­
quency, which is applied to the filter. 
The ampl ified output of the filter drives 
a metering circuit. and supplies a vol­
tage for recording. 

This busic nnulyzing syst.e m is n. r­
ranged to include the fe.:lIurl's neces­
su ry for a wide variety of n1~Sllrem(!n t 
applica t iolls; these import!l llt features 
will be described in relation to typi('al 
applica tions. 

INPUT CIRCUIT 

The input control for the instru­
ment is u constlln i-input-impedlillce, 
I-megohm attenuator. A 54-kc. low­
pass filter ill tbe inpu t llmplifier re­
duces the response t!) signals be.yond 
the operat iug frequency runge of the 
in~trumcn t. This filtering is c8se ntial 
to minimize responscs at the 100-ke 
filter frequency and llt image frefJuen­
cies. These responses ('ould otherwise 
lead to seriOliS errors, plirticularly in 
the measurement of wide-band noise. 
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LOCAL OSCILLATOR 

'I'll(' Ofl('illutor USC'S 11lf' !'Nies-ju lled 
rut'kar I'ir('uit' with :, lttrgr" high-Q, 
IIlli"crsal-wound toil ;lnd :-lfIbi£" t'npu{'i­
tors tu IH'hi{'n;" tl high degr('{' of fr('-
11"£"III"Y SI!lhilil.V, Th<' frNluelll',\'-('onlrol 
I'np:H'ilor of the O:<t'itIator i>i <:haplXl "0 

thllt til(' frf"qllt'uC'y is a linear fUlll"tioll 
of the dial wt:ltion. The lil\\'lIr ~{·:,Ic 

Illllk., ,, po~ihll" the 11:<1' of 11 ('ombinntioll 
of diu I and (·ountcr to get high n'.~ulu­

lion lIud Ull ill-Jill'· n'udollt. But. moN.' 
illlportulil Iy. whell tl1I' allu iYZl'r i,., t IIIll'd 
malltlall)" Ihi~ lill("(lrity muhs til(' tnl1J­
I::'i('nt lX'hador the sum£' CI\'('r th(' filII 
rHllgt' of tht, dial. \\'hc'lI a r<'('ordillg i,., 
made nnd thf" dial i:< drin'n ill a I'un­
:-'1:1111 r!lt( .. , lhe Iwh:t\'ior i;. !Ig:till IIlli­
fMm. lIud tlw f:\:4e.;:.l :<p(>t'u of ,,\\'I'('P 
8I1italJl(' for a gin'll ban{hddlh i~ ap­
proprint(' 0\' ('1" tI\I' full fr('<ttll'lI!'." rallgt'. 
Til(' !"('>iuHing c·hart ha" :J licwur hI'· 
Illlf'IWy ;.c·u1e, \\hith h:li' impOl"lullt ad­
\·:lJllag('!I for nnal.,":<is. Thi.~ fl'alun' will 
1)(' di .. t·m~ .. d mOI"f' flln~· lK'low. 

Th!' :<eric ..... tlilliug arrangc"IIl! ' lIt of Ill(' 
,,:<('ill:lIor (·in·lIit h:):< made !ltls. ... ihll' n 
Ilew (·in·Hit for :I (':Ilibrah .. d I·y.·!! .. ,.... 

illt'ff'lllcn t, ,·ontrol tha t. i1:i lI15t'ful over 
the en Lire tuning ru nge of the oseillutor, 
This ('outrol "0\'('1-'; t hf" ru nge of ± 100 
(.p:< with !"('..,pel'l to the $('tting of the 
rna ill frequc llcY-l'ontrol dbl. The c:')I']e5-
illl"remcni {'ont rol if; JXlrti('ularly heir> ... 
ful when the :l-I'y(']e hnlldwidlh is u~ 
ill the memm!'{'mcllt of eOlll(>Onents thnt 
11r(' doge!y i'-pu('ed in fr<'qllcllry, as for 
('xllmple , !ow-fr<'quellt'y sid{'-bilud rom­
porwllls nhout n ('u n ier. It is nlso Ilseful 
as U \·f'Tll iC' l" fldj list Ill('nt dllring recording. 

QUARTZ· CRYSTAL FILTER 

TIl(' uS(' of four lo\\'·ternpt."r:llurc­
(·,K'ffil"irllt quartz ('rY'I'tals ha>l mad!' pos­
"iblr- thl' d('\'('lopmPllt of a filter thai 
('1111 IX' ;;wi\c·ht .. d 10 t ilr('1' dilT('rcut hand­
width,,: amI whif'h ha" ('x('l'lielit !'harac­
Icri.sties O\'('r :t rt' ialinly \\id(' range 
of umhic .. nL tf'mp('rntllr('s. The hand­
width;: ;;('It'{'Il'd are :-I. 10. tll1d .)0 1"1';;, 
whit'h nrf" udl'qllfltl' for ulmo:;t. nil\' 
lInal~'si:; prohl('m, Typi!·al , re"poll~ 
ehuraelcrislit·" Ul'(' ... howll ill Figur(' ::1. 

Th(' imporlnm'l" of I)("ing tlhl!" tt) 
~{'I('t"t !lily on(' of Ilm'e htlnd\\"idth.~ is 
{,:l!'ily d("monslrah'd hy :<omf' !'impl(" 
I'xlImplc",. If the f'omponellts in tilt' 
:<Iwdrum to Iw mt'usurt'd are only 10 
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('P"' apart, t he ",d eelivit.y of t he 3w 

<'ycl(' h:wdwidth i~ c~"cllti:d ; the IQ.­
:"ind ,-IO-('),{'k ba ndwid ths would not 
ad('quat(' iy ."('para\(' th(' l'o mpOIJl' nt :<. 
If tI l(' {'Ompo llcnt$l nrc spal'('d forth.'r 
apa rt, the broader handwidt hs "hould 
ordimlri ly he 1IM't1, bC('llU!«,' nny frc­
(Iucney in:<tllbili ty of the incomillg "igw 
11111 is tll('n less troublesome. For cXw 

nmpi{", in a mCUl'tIr{"m{"nt. of the di:t­
torliOIl of a tal)(' r{"('ordl'r. tIl(' flmt("r 
may mukc the poin ter of t hl.' Hllalyzer 
meter fillC'tufttc viol(, lI lly as an alt('mpt 
i!-l mad(' to tlille in th(" c'ompolI('1I1 in [I 
narrow hand, and III) sntii<factory mC'a,.«­
urcmC ld i ... possibi('. But t he .-IO-eyrle 
bandwidt h will tolerate the HU('\,II t1ti() lIs 
(,1H'Oli nterc-<i ill a ny good tape rc('ord('(, 
and th(' m('u;<uremcul iii ('[IS),. 

Time 8I.l\'ing if> :Hloth('( importn nL 
ad v!lnug(' of till' widN bn nd wi(lths. 

'11I",e • • View of the Type 1910· A Reco,d,nll 
Wawe Analy" • • , ~anll.llnll e' the Type 1900-A 
Wave AnaIY1l' .. nd .he Type 1521 G, .. phl~ l e wel 

Reootde •. 

APRil 196. ~ 

T he' "peed with whir·h 11 gi\'{,,11 frt.'qu(,IlCY 

nlng(' C:HI 1)(> ;;w('pt voriC!! in II\(' limit 
a~ t he squtlr(' of tIl(' jilll'l" bnlHl widl h. 
Th us, if th{" ,-lO-rydt:' bandwidt h pro­
vides udt:'ljl1at{" r('soIUlil)ll , t ill' t'fT('l"Ii\"(' 
r(,;lponf:(> ~pt~'d o\·t'r :1 gi"(,11 ffCljueucy 
rallge C:111 bc as much ZIS 2.i lim(';; f1.~ 

fa~I :U! it i~ fOf t he 10-(',\'I"i{" hllndwidlh. 
T his ill(' r('ftst'd !'1X'rd ("lin bt, "('ry im­
porlalll in rt'c·ording. bu t it i" a lso hoth 
lIs('ful :lnd nppUIT'Ht wht:'11 lh(' IlHalp:(,t 
is III I\NI hy hnnd. For lIoi,;c ~i v; nal~, 

the diffe rc/u·('" ill time r{"quin.'d for 
I1l1nlY8-is by the d ifT('t('lIt hlllldw idths 
arc C\"I'Il morc I:'ignifi(·tlllt. Thi:< point 
i:s di'!('uss('d furt her ill t il<" S('rti()ll on 
lIoi~C' analy,.:i,;. 

VOLTAG E CALI BRATIO N 

.\ voltllg(' from tl1(' power linc is 
clipped and (·ompl'lls:ltt:'d 10 provid(' a 
('ompolIl'nl ut t ht" fllncillnwntal pow('rw 
lint' fIT'<tlleIH'Y \\"Ilo.<;(' amplitude is l'';w 

~cntially ('on~u.lIlt o,·{'r a wid{' r:tngc of 
input \'oltagl' n nd n mhic'lIt tf'mpC'r:lt ur('. 
T hi :s fuudunlC'ntal I"tImpollclli i" l1M'ti 
:1:; the rt'f('tf'IH'(' r:t!ibrating fOignal, 1'0 
t hut til(' :::t'lI~iti"ity of tlie ih"trumelll 
call he eu;::ily c·l!eekt,tI at fl lly timc', The 
culihrating l'ignal is nlways nt thr 
puwC'r-lilll' frcqu('n('y ."0 that it l'tUl be 
lo('atC'ti withmll diffi(,ulty. 

OUTPUTS FOR RECORDING 

Thr \I ('\\' 1l1l31yzcr JUt..-; u nllln],er of 
outputs, two of wh.ieh Itt(> 1'1}f'('ifi4'ully 
providetl r(Jr t{'('ording purpos('s. Th(' 
m()lit impl)rtunt ili tilt' I (}()-k" fi li er('d­
nnd wllmpiifi('d signal fOf dridug the 
'1'\"1'£ 1.")21 (imphil' L{"\"C'I Hl'~'l)f(kf. 

T his output hns 0.11 SO-tlb dynnmif' 
rnngc and cHough PO\\'{"f so t hat t he 
full t:l1 pnhilili('s of till.' r('('oruer ('nn I)(' 
utilized, :\ltd the rt"'(II"fIC'r nlld t he 
:lIlltl.\'ZN. t-h()wn in Figurt' -I, mltke n 
f('milfka hly u!'('fui ('olllbill ut io ll , which 
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is ava ilable ali lh~ TYI'~; I!l\o~A Hccord­
iug Wave AllU lyzcr. 

Dynomic Range 

The 80 dh or morf' of d)'namic r:1.nge 
in the Illtl'fCd outpu t is obtained for 
signal~ of 0. 3 volt or higher. Tllf' term 
" d,y namic range'l is used here to signify 
tht' lincu f ru n~ from maximum output 
to the noise level without readjustment 
of the cOlltrols. This ra nge in many 
other instrumcn ts is signific'untly less 
thun the analysis runge one outains 
by n~i'etting the Ilitclluutor that cou­
trois the meter fm\ding. I n this analyzer 
the two urc simila r, sill ce the meter 
attcll tlutor covers a 70-dh range, whi(·h 
combincs with a 20-db range of the 
meter to give a \)(l-db ana lysis runge. 

Writ ing Speed ond Bondwidlh 

When the output of the analyzer is 
recorded , mu ch dct{liled information 
about the spectrum of a signal cun be 
obtained auto ma tieaUy. The detail that 
eun be obtai n('d is ilh\slrated by the 
charts reprodu{'cd in Figure 5. I n one 
instance more than 3400 componcnts 
of a particular signal were recorded , 
and each of the componcnts was clearly 
defi ned. 

Such a recorded analysis cun proceed 
with little attention after it is once set 
up. But it often pays to consider care­
fully how the analysis should be done, 
becuuse the time requ ired varies greatly 
with the bandwidth a nd with the re­
corder characteristics. When a periodic 

FI"II" s. rlol. of pul .. wo".formo mod. 001 Ike .. <o.dln" ana lyn" (0, obo".) 100.~ .. < pu ln " I l-k< 
.. pe!llion ral • • Pili •• woo o mplilud . modul,,"d ,.om v. 10 fu ll "m pli lll d . by " 200·<yd o. non_<o h ... nl 
.Ino wav •• (b, b.lowl 20·~ ... pul •• 01 "n ....... ". " P"illon tOil of 200 <p •. Th . p ul .. WIl l po. Ilio n 

modllioled 01 a 2S.<yd • • 01 •• 

-.,,,,. '., '''' 

.. 
• • 

" 
• 

1 
I 
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fl, .... 6. CI .... 1s of mod .. lol;on nol •• on 0 1-.c Ion. 10, two d lff • •• nllyp .. of mag". I;< "'p •• Not. tha . 
a ... I. oba .. t 10 db b." .. tha .. th e alh,,_ S .. ch m. a ... . . ... . .. , co .. b .... od. ,0111y wITh th ... ca.dlnll 
a .. oly .... awing 10 ,h. 10_db dynamic .0 .. , •. Fa. 'h ..... co.d •• <harl 'p •• d wal 2.S Inches p ..... 1 .... '. ; 

writing .pud. 10 Inch .. p ••• eco .. d ; bo .. dwldth . 10 Cpl . 

signal is analyzed, the recorder's fastest 
writing speed shou ld be used to speed up 
the recording. Its fast writing speed 
makes the Tnt.; 1521 Graphic Level 
Recorder particularly useful. 

The widest bandwidth that prov ides 
adequate selectiv ity should also be 
used, since the inherent response time 
of the filter is in versely proportional 
to the b..'lndwidth. Here the three band­
widths make possible 8 Ileu.r·optimum 
choice for most analyses. The time re­
quired to nnalyze O\'cr a 2.')...kc range 
is approximately 2 minutes, 20 minutes, 
and 2 hours fo r the 50-, 10· and 3-cyele 
ba ndwidths, respectively. 

linea r Sca le 

The recorded d isplay from the T\'I' ~~ 

1900-A Wa ve Analyzer is linear in fre­
quency. This linear display has the 
imporhl nl advantage that hurmon ic 
componenl-s of a periodic signa l are uni· 
formly spncoo, so that the harmonic 
r('lations ure obviolls. If the signal is 
more complex, for exam ple, a modu· 
lntcd carrier or other combinations of 
signals, where there are component 
frequencies that arc su ms a nd differ· 
cuccs of other component frequencies, 

such relat ions arc also readily apparent 
on a linea r frequency scale. 

DC CAJlpul 

The second output fo r recording is 
in series with the indicating meter so 
that a simple, I-nm de recorder can be 
used. This arrangement provides a con­
venien t method of recording, hut the 
recording is seriously limited in speed 
and in dynamic range, compared to the 
one made from the JOO-kc output. 

NOISE ANALYSIS 

Meier Speed 

The new analyzer is well suited for 
the a nalysis of noise. The sloll' meter 
response is one essential feature, and 
the rhoice of bandwidths a nd the linear 
frequcm:y scale simplify mallY noise 
a nalyses. 

Three different meter speeds are 
provided. The fastest time constant 
is essentia lly t hat of tbe metcr !llone, 
a bout % second. This speed is always 
used for measurement of components 
of periodic signals. The slowest time 
I'onstant provided is ahout 5 scconds, 
and th is a nd the intermediate value are 
used for noise measurements. The im-
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port.'lnce of these ,dower responscs for 
noise measurement cu n 1.)(' readily a p­
preciated when thp problems :lSSO(·i:lt.ed 
with !loi&' analysis are rcv icw(>d. 

T he ind icated met.er readin g pro­
duced hy uu applied random-noise 
signal, whether it is elcctrirally gen­
erated nOIse o r aCOllstic noise trans­
fo rmed by a microphone into an clee­
tricul signal, fluctuat.es ('onsidcr:lbly. 
These flud ualions reflect the irregu­
lnrities in thc process of noise produc­
tion . In fact, all signals ('ontain some 
random-noise energy, ulld many COIl­
tain enough so that the indica tioll is 
nol nt nil steady. 

Thc cha rts of Figure 7 show graphi­
('(lily t.hC' l>ehador of the pointer of the 
iudica ting instrument as a fundion of 
time when sa mples of the ~nm(' ran­
dom noise were mCilsllred with the .-)0-
eyrIe hundwidth and the three different 
meter speeds. It is clear ,hat the U\'er­
age vulue is essen tia lly thr· :'la me for 
each sa mple, but the flurtufitionil nrc 
markedly grenter fo r the ftl!~tN meter 
>; peeds thaI) fo r the slow OIlC, und thesl' 
d ifTcrcllC('s arc iuhert'nt. in the 1H1ture 
of the measuremcnt. I t is ob\' iomily 
mudl easier to obtnin a good estimate 
of the u\'cmge valllc with Ih(: ,,;1011' melcI 
s(X'(-'d . T he charts illustrate a l ~o that. 
a maximum or minim um re:l ding for a 

noise signal hns tittle >; ign ifi can ce. The 
extent of the fhwtuatiolls ducs have 
some signi li('u nc(' , howC\'Pr, with rf'gJt z'd 
to the stntistil'u l estimate of the ('on Ii.­
dCI\("c to be given to the selec ted averuge 
\'alu('.!. I 

Bondwidlh 

If the narrower bandwidths fi rc used, 
the fl uctuations a r C' e,'ell gr<':ltcr. and 
only the :'l lmn!r met.er spc('ds {'a ll be 
used to obtllin a ~atisfal.'tory a"crage 
value. :\ rela t ively s imple prizwiple 
appli('s here. The Harrow bands arc 
uscd to ge t fi neness of detll il. The 
fi ner the deta il Ihllt i:'l dcsirt'(l, t il(: 
more time is needed to obtl1in the re­
sult to u cel'tain degn:c of confidence. 
'I'll(' [wernging time req ui z'cd is essell­
tially in versely proportional to the 
ba ndwidth. 

If the a lHllyzcr is swept through :t 

r:lIIge of freq uclwi{'s in order to olr 
sen 'C the spect.rum. it is l)(!(·pssar.\' to 
stay in e[lt' h bnndwidt h :l long the fre­
qllCIlCy spiln long enough t.o get iI satis­
fartory me(\ !i;u renwn\. This ra d or I.:om­
bines with the :wpmging time to ma ke 
the required total S II' CC p l ime in\'ersely 
proportional to , he SI[ !lare of the band-

~m""k",~" ",,01 J. W. TI,hy. Th .. -'['M~ .. ,,"'nl 
oj ['ow.,. Sln·clt· ... Do, 0'. ~~". Y<I.k. 1t/:.8 . 
• R. ". U""M. "I".tnllne"'''''o,, 10" 1I.,,,r,,,,, Yib,alion 
.~naly~i •• " p" 1 -~7 '" 7_~O ,n N"nd~", l'iIJ.""on • ... lil"') 
hy S. II. C"'ndnll. T~.I0",,'oll}· 1'''' .... Ca",L,;tI.e ;\Ia ..... · 
chu,""' , 1!I.>8. 

• 
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width, again pointing up the impo rt ance 
of ha\'ing thrn' band widths anl ilable, 
If only tht' dt't{l il of the liO-cyde hand­
\\'idth is 1II'('(1('d. a relat ively short t ime 
for till' ;lnllly .. i~ ,,"uttlef'S, If the detnil 
tA thf' narrower bandOl is nC{'CSS!lry, l he 
ft'quirNI timr is corrf'spond ingly longer, 
and t~ fllst g('an is uselcss o r, evcll 
worsr, misleading. 

LYnh.'SS thef<c Ilspec ts of noise anul.ysis 
arc undNf<tood, OIl(' ('an eMily be led 
into tlf<ing nil unuly):cr that is cntirf'ly 
unsuitllble to thr proble m, using an 
:l!la lyzer incorrectly, nC'N'p ting data 
that nrc mil"leuding, ur eHI! rC'jec ling 
llseful datil. 

Spectral Dem.ity 

I II ordC'f to compare measuremen ts of 
l'unJoffi noise mode wit.h different. bn rrd­
\\'idth.~, it is custo mar'y to com'crt t hc 
rn(':lsur('d nllue to an cqui\'alf'llt one 
for a handwidth of one rycle per sel'OIld . 
j'hi.s equivalcnt \'ulu(> is often railed l he 
~ 1)Crtral density. The ('01l\'er5i0I1 fo r a 
mensuremellt made Oil the wan! ana­
lyzer is simpl<" bera u;.;{' it. is independcnt 
of lhe ('E'lller frequC'llcy lind d<'pencis 
only lIpon the pal'l ieula r bandwidth 
u;;c-d , 

AUTOMATIC fREQUEN CY CO NTRO L 

III one mode of operation of the an~­
I,VZN, the loeal-osrillator frequem:y is 
('ontro\l"d by the filtered f: ignal by 
mea ns of n tIUllrtz-!'rystu l dhwri m inlltor 
ILnd re:u:tullcc diod('s. \\,hf'1I a ("011)­
pOllen I. h:1R bf'C' n ILllled in, il t'a n iJ(' 
IOl'ked by nwnus of thi~ :lulom:nic' frf'­
qllf' Il Cy control to f<tay \\'ithin the pll ~l:! 

band of the a nalyz(' r "I)\,er :l \\'idN frc­
qU!'lwy rllHg(' tha/l the normal pass 
blmel. The dlUr:J{'trristi('S of 1 he ('ontrol 
cirruit., how('\'(,I", limit t he rate !Lt. which 
the frcqucll ('Y ('n n {'h:lIIge \"i t.hoHt. drop­
ping out of IOl'k to n I'ela l iwiy "loll' OIlC, 

A PR il 1 964 ~ 

Ilnd the contml circu iL is 1I0t cffedivc 
fo r n noise signal. Th us, whencver pos­
sible, it is pr(' ferablc to usc the rll-('yde 
ba ndwidth r:lther than automulic fre­
qucnry l'ontl'Ol. If a component. is to be 
ob;':crv('{1 fo r a long t,imc und might 
drift heyond lIK! ,-)O-cydc PiLSS band , t he 
afc: is useful in compensating fo r such a 
dri ft. 

TUNA8LE FILTER 

The anal,yzer also rUll('l ions as II. 

tunnbl(>, seleet ivc filt.c r tlnd amplifier. 
T his type of operal ion is fH:hi<,ved hya 
se('ond hetProdYllc operation in which 
tbe ampl ifi<.'eI and filte red signa l [It 100 
kc is betH wi I h the local osrillatol" to 
r<.':-:t.OTl' the fiitcI'Cd component, to its 
origi ual frequency . The tUllnble filter 
Ims t he excellent srlc(:ti\' iLy chara('ter­
isties of the pu r ticuhu' baudwiel lh 
chosen , und the out.put amplitude is 
proportional to the compr) ltcnl ampli­
tude, 

T he applirfltions fo r th is mode of 
OpN:llion arc generally those for II 
highly 8clerti\'e filter, for cxu mplf, sepa­
rating out nn individual ('ompOIl(>llt, of a 
complex f' ignHI fOr ~tlldy, T he study 
may consist of an :l<,('urat.c determina­
tion of the eomponcllt frequency stabil­
iiy by means of a digit.lIl frequenry 
meter (<'otUller), or it, may simply be 
dl,termining tl1<' (lXistClH'P of a parti('ular 
('omponcnt in the midst of intcrfering 
compoll<'uts, 

If!\ signal from lhe T Yr'B 1:5!}() Han­
dom-Xoise GClH'rutor is applied to thE' 
input of the analy~cr, the output will 
he a 11:lrrO\\' band of lIoise, The ('cnter 
freqlll'llt·y of lhis noisc Cu n be set by 
meuns of the analyzer frequenl"y ('on­
lrol. W I11'n this type of noise is made 
i\udiblfl hy means of a loudspcaker, it 
t'UIl be us<'d for [t(."nus ti r'ul transmi1'."iotl 
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tests, for reverberation measurements, 
and for some psychoacoustical tests. 

TRACKING GENERATOR 

In one mode of operation the local­
oscillator voltage is heterodyned with 
a JOO·k{' crystal-oscillator voltage to 
produce a beat s ignal whose frequency 
is always the Bame as that to which the 
analyzer is tUlled. As the lot'al oSf'illator 
is tuned from 100 to 154 kc, the fre­
quency of the beat signal varies from 
zero to M kc. This beat signal is ampli­
fied to provide a maximum of at least 2 
volts across GOO ohms. This output can 
be used to drive :l net.work, amplifier, 
tape recorder, impedance bridge, or 
other system to be tested. The output. 
of the de\'ice to be tested can then be 
measured by the ana lyzer, and the una­
Iyzer will stuy in tune to the funda.­
mental component as its frequency is 
varied. In this wny the effects of hum, 
distortion, and noise are essentially 
eliminated from the measurement. 

When an accurately known signal 
must. be applied to the dev ice under 
test, the output from the generator is 
suRlcient to drive a TnE 5·H3-C Aud io­
Frequency l\'licrovolter. Alternatively, 
the wave analyzer can measure it!; own 
output but, of course, not at the same 

time as it measures the output of the 
device under test. 

The lOO-k c output for driving the 
TYPE 1521 Graph ic Le"el Recorder C!an 
be uscd at the same time that the tmck­
ing-generator output is uscd. Thus, the 
response characteristic of a device ca n 
be plotted automatically with the wave 
analyzer supplying the signal , the de­
tector, und the output for recording. 

SUMMARY 

The T YI'E 1900-A Wave Analyzt'f, 
with its three highly selective filtt'f 
bandwid ths eovering the frequency 
range from 20 to 54,000 cps, its high 
sensitivity, its high aud constant. input 
impedance, its three mrtcr speeds for 
noise analysis, its lincar frequency 
sca le, its tUlJa!)le filter, its traeking 
generator, !Uld its afc, providrs 11 new 
degree of versalility in measuring in~ 
struments that. will make it one of the 
most widely used Hna lyzers in 010(,'­

tronies. 
- AUNoLD p ~;T}mso~ 
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TYPE 1910-A RECORDING WAVE ANALYZER 

'I'll\' HI'(,()]'dillg \Yan' Analyzl'r "oll;;ist!) of the followi ng ite ms: 

Type l!iOO-:\ Wan' .\HalY:l.cr 
T y p" 1:,2 1 Clraphil' I.l'\' t' ] BCI'.)rdrr 
T.y])(' J:,1 1- I'JOB D!'in~ L' lli! 
T,q)~' IHOO-Pl Liuk l'nil 
10 I ~oll~ Type ' .)11-\)411·' ('i}(lrt l'a l}(,J' 
10 Uo1il:i Typ(' 1.'l1 1-U lii.-, eha 1'1 flap<.'r 
TsP(' I:d l-Pa SO-dh ,'otcliliumctN * 

Both heHeh nnd ruck models lll'C 

ilVililllble. Th(' Ul'tI(·h mnu.·l is shipped 
t'ompl et C'ly assembled. T he r;l('k model 
iil fm ppli..:d with 1;lI PpOt't.~ for insta llu­
lioll in a s !alld:U'd I!}-indl r:H·k. 

• A 10,,11.0 w,l~nl',,'''",e';' in.l~tI",1 '" \h~ ..".,., ... Ie •• ,'1,,, 
1l()~n, "" .. ' •• "1>1>10<'11 ,to Kd,iU,,,,,, 

S PE CI F IC A TIONS 
TYPE 1900-A WAllE AN AL YZER 

fREQ UEN CY 

R"nge: 2u 1" ;)1,000 "'I'~ TI,.. (f"("tUf<I'ty is indi_ 
.'al ... d UII II ,'''ulLt~'r and ;\ dial wit h" lillcar 
gratill:!lilflO, I dilligim. 10"1'11. 

Acu><acy o f Ca ll b.ot lon: ± ('it%+j r116 ) UI' I,. 
,,0 k,': ± 1% 1 .... )"",1<1 50 ke. 
Inc •• menta l_ h oq u t ncy DiD! (t.\FI, ± 1()n ('1'$. 
,\I"'llraL'Y i~ ± 2 CP!! Iwlllll' 2 k,'. ±5 "1»1 u!' III 
50 kc. 

Automatic F. equ . n ~ , Con', o l: .\t fr"'I'!I'!I,.j~'!I I,K.. ... 
lu,.. 10 k,'. IHtal rall!.:1' "f (ro" llll'lln' luek is ·IIJ() 
rpl! fur ,I", 50·(')'"".' I);.nd and I,jO ,.I'~ fur 11m 
JO-".,eJl· halld, ill! ,),·lilll'1.) hy :) .. dh IIr"I' in rc­
!>pmw' (nilll (ull-sl':'],· dt·[!I·I"\;UII. AI 50 h , ti l!' 
I, ... ·k mngC's dee("l'''8<' 1" v'w- ll:Llr lh~ 11,,111('':'. 
SElECTllIlTY: 1'hl'{'l' 1t:\lIUw;dtl". (:1, 10. alld 50 
'"I.NI J 8('11'1'\".1 hy switch. 
3.C, <le 80 nd : At 1"'L'!t :l() dl, d01l'1I !I~ ±f; ''P~ 
from .'('lIlt·r (rNllle."..,·. :.1 I,'"s\ lin db duw!l at 
± 15 "\111, at Ii-ast 80 dh dowl< :I t ± 25 CI»i :1I,d 
be.rulJl . 
10 .. Cyc1e 80nd : ,\\ IN'~' :10 ,I!) d,,\Io'" >It ± 20 " ps, 
at least HO db II"",,, at ± Ii; q'~, l i t f , ':~~ , SO dh 
down :. t ±SO " ,,~ lind h"·.I'"ltd. 
50·Cycle 8"nd : A, h"tSt :\0 dt. d,,1I'1I at ± IOO 
ep8, III lellst to() db d"",,, at ± 2,)() "P~, a t 1,,:lSt 
80 dh rl"WIO "t ±500 "\JIIll nJ III'Y"lId. 

ElTc"livc h:IIHlwidth ftlr lI"i~c 1'<\Il:,! tI, 11<1111_ 
inal h:."dwi,l1h within ± !O % rur 10- a"d so­
cyele hands "nd ± 20% fur :~-('yelc I,ant!. 

IN PUT 

Im pedan. e: (lne ," ,,~uliln (m all r:lI1 ~l·S. 

VoJralil e . ang .. : :lQ 'uit TIJllullii til ~OO l'\ 'lt~ full 
61'ule in :{, 10 serie:!. :\ d l'ciheJ 9(':.11' is al~o 
pr.,I, id .. .J. 

Vo llo"e Acc ura cy: :,fler r.alibralim. hI' inl~ ·rt' lll 
8(,ure' ·, ,h ... :"'('lIr1ll'," "l' t\l 50 k,' is' ± (:I% u( 
i" ui"" I(,,1 valu ... + 2% of full s"lIle) "'X''<' I)I, f"r 
tilt, elTf!ets ,!r intl'rll lli "" iOle wlll'lI the :ltteml l,t, ,r 
kllnb ~ in the nH .. >(ill\"lll-seJl~ililli~'y p<.O!ili"lJ. 

In lhnl p,l!\i fi"lI th ... inl<'rt",II\IIi~(' is. :1t."lIt 5% 
"f full s,·"I(' r"r t ll(' :l_ l.ml 10 ... ·,,·1(> lJ:Hhls :lnt! 
10% "r full "!'ale r(lr till' jl)-'·.I·;·!t· han.1, Fr,"" 
.')0 III :.1 k,', Ihe "ho\"" :1% ('yroor 1,,· ... Ulw~ Ii' ,. 

OUTPUT 

100 -10( OU' f'ul: .\ m ldilud l, i~ prop"rti,,,,,,1 to 
,~lUpli\'IIk u( s.dl't.'l{'(l "OI,II'''II,'lIt ill :III:lIYl.cr 
inJilit ~i l{n,,1. \\";111 Ilw T y ... : 1.~2J (ir"phil.' 
I ~'I'('I I h,(,,,rt1 ~r CUHW·,'1(.-J tllr"l.gh tI .t· adJll'lur 
rahh' ~IIJ lplied. :;1 flllJ-6CIII~' nUOkr ddlt·, ·tiun 
"u1lml is :II. 1t'''8\ :{ lIulls. D,I·n, .. ni,· ra"!!" (r''''1 
"v~'rI,!:"t lJ11iut h) illtt-rnal ""i~ i", > 80 db " ,.Ih 
:IU t'ILllut<lr knuh (lilly I'l"ckwise, 

Reco.din" Ano lyu. : T hl" fUl:oI,l'z('Y ilt coml.i ll:l­
ti,," with Ih,: T n '!> 1521 (i raphic Lel'el Hc­
c'lrtll'r prUdll('I'6 "ulIlimli 'us, ""UV"lli('lIl, T(.~'()rd s 
uf fro"lu('n,'Y >l11I.'<.:\.r" "",'r tl,,· """'1,1.·" , ""'"e 
uf Ih~· """ I.I'7.er. The eud frall'l'll of tlt e Ix·nd. 
lI'll(lI·ls "'111 1M' bulk!! tugdlll'r til furlll a rigid 
'\SSt'ulltl), . 

DC OU' pu t , Olll' millia1l\11I'rl' in 1500 Ilh1l\~ fur 
fuJ1-1!t'1l lt' II ... wr cleHe,·t i"n, " " '-' gid,' ~ruundl·1 1. 

f il" . ed In put Compon. n" OUI\"" , a t Jc"~l I ""It 
''''r'liffl tiOtl_<llttn 1"",1 f"y fll 1-!ll'IoIt' lIl1't l' r ,k~ 
Ill·tt iu lO with outjml !!"lII rul at lllaXiuIII"' , 

T.a cki ng G ene.o lo.: 20 " Ill! t tl jl kl': flll llJUt i~ 
:It J{,a>!~ 2 11,.118 lin'..;!! !.iOU-ulll" luau witl, H' It.-­
put ~ulltrt>l iLt JIl:I.~imlll1l, 

GENE. Al 

. ... id uo l Modulo. lon P. oduc" o nd Hum ' ,\t.II·'lSt 
7(; d b duwn. 
Te.minol., Inpll t, T n'le: H:IS Binding POIII:! ; 
OUlpul. l l'Il'IlIJ I)IlI' jack9. 
Po we • • equi<. ment.: 10.') 10 12;; ('If 210 l ,. 2jO) 
v"lll!, 50 t" (;0 "ps, " Il iltoxim:llt-ly 10 w:"\ t t ~, 
Atee .. o.ie . Supp lied : '1''1'1'., 15UO- I'VJ 1\,1:.I'I Or 
Cubit· Ai;St·mbl.I·, p h""1! plug, Ty !'", (.';\ 1'-'22 
I'" w"r ('unl , sll"rr' fnsr'1!. 
Ort . .. , Acee .. o.ie. Avail"b le: TYPE l!1OO_ 1' 1 Link 
rllil fur t'l,U lllillg t" Tn'.; 1,,21 GY:lI.I,ie l.ev, ·1 
Hel:"rller. 
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GENERAl IIAOIO EXI"ERIMENfER 

S P E C I Fie A T ION S (Cant) 

Cobin,l : HIII'k·h('nell. 

Ol ... , n,'on': 1I,'n(·h mndd - withh 1\1, hdltht 
WI"~ l!t'plh lr,l~ inrlll'll (.18.; h~' llii h ," ;mo 
111m ), ""'t'NIII, rae\.. 1111"'('1 1)11111' ] 1~1 hI l a l , 
iudll'! ( 1X,'i h.I' 100 mm), dl'plh !Jd'imf 1'11111 '1 
1:~1, '1I"'1I'~ (:UO 11l1ll ). 
N, t W .lght , 51; PQundJ:l (26 kg ). 
ShIp pIng W .Ight , 8-1 p,mnrl6 (:l\) kg). 

TYM 

TYI'E 1910·A RECOIIDING WAVE ANAlYZER 

Oi ... , n , ;on" Ik'nrh 111011(·J ""dll, HI, hrilfht 
25'~, deplh 15'4 ' .. eI"'lI (Is.; hI' GI5 by ;j!JU 
111m ), over",II: rurk model " iillh I,), IH~ ighL 
:lI lt ( ~85 hy G:l5 111111 ), dt'plll behind ]l1lll(·1, 
1:1'4 inch('s (:1·10 mm ). 
N, t WeiOhl ; II/i 1)()\Ultl9 (I':J kle )· 
Shipplno W , I,ht: 100 l)(lund! (K7 kg). 

/ )na 

1900· AM 
----t-:: Wave Anotv . ... a ' n,h Mode' UUO.OO 

1900. All Wove AnClIV' , r, Ra , . Model 21 SO .OO 
19ID·AM lI .. o . dln, Wove AnoIV'''' Bench Mod.1 3500.00 

(for 6O.cVcl, ,upplvl 
19 1D·A II R ..... d ln, Wa y. Anal., ... , Ro ,k Mod.1 3500.00 

[for 6O,'Vd •• uppl.,] 
1910·A MOI R •• ordln, Way. Anal., . .. , Bench Mod,' 3500.00 

lfo. SO·'Vd, wppl.,J 
1910.AROI It,.a,din, WaY, Anolvur. Rod Mod,1 3S00.OO 

[lor SO-eVcl, ,111',,1.,) 
1521_946" Cha,II'Dp", 0-10 Ic c, 100'.001 roU 2.7S 
1521.9465 Charl Pop ... , 0-50 Ic c, 100'.001 .011 2.75 

USEFUL FORMULAS, TABLES, AND CURVES 

FOR RANDOM NOISE 

l'ndN the aho\'e title WI' han' pre­
pMI'd n ti.pnj!;(' publictlliol1 li:-lin(/; !"('la· 
tiollships alld data that 111'(' t'O llHlIOIlly 

u~t'd ju working with f!lllliom lIoi:w. It 
will \)(' fount! pllrtil-uiurly 1I."l'ful by 

t ho:<c who dell\ with noi!<t' phenomena 
only u("(':lsionlll1y alit! l1('{'d a handy 
rd('rCllec lo refresh their memories. 
Free on requ('~I; Il"k for publication 
I X-I$). 

CORRECTION 

ReVN:\i cugle-eycd reader..; hll W' 
poini('{\ Ollt thaI the ~('hp lnnti(' of a 
plll~'d bill:\ suppl.y for uS(' ill tmnsi"lor 
mell:O-llrelllClll S ( t:.rper1.fIImil'r , Fl·hnl­

IIr)" 100-1 , l)Uge i ) !$hOWil thut thl:' hi:l:; 
:<Ollr('(, is I'!hol'tro whell Ill(' rda.), Ol}('r­

Illes, This I:; quite lruc, bul , i\ f: 1I.,,<,<1 hy 

Clark Di\,j:-;ion, XlltiOllnl Scmicouciul.'­
tOI' C'orporation, who d('\'i~cd the ('i r­
CUil, the "horlillJ( do("s no Imrm .. int'c 
they liS(' Zi eom:tanl·{'urr('ul hin" ,.:; upply, 
!'ather limn a IXlllNy . 

We apologil,{' 10 our puzzlt'<i rcaderl:\ 
for omitting lhi~ fat!. 

SWIEEECO 
This rUH'icnl ,\pilchc 1"fl,lIyill)!; cry flta tl(I .~ fur SOlltl1\\'C',.;I{'f1i (EEE 

CnnfC'rt.'Il(,c and Show, uow iu its I (jth year. ( :cl1crnl Ibdio will he 
therC', in boothl! 301-a02-:m:i, On d i.~phy will he the u(,w il1"trllmeIH~ 
$ho" 11 at IEEE - X{-'W York :\nd dcs('ribcd hricny ill the :\ Iareh i ~~uc 

of the EX1H'rime-nt('r. CCIlC'rn l Hadio ~nginC('rs will be 011 11:'\IId to weJ­
eon1(' )'OU and to demOllsl ratc thC' new equipment. 

Dallcu Memarjol Auditorium 

General Radio Company 
WEST CONCORD, MASSACHUSETTS , U.S,A. "':"'. 
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