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ABOUT THIS ISSUE 

Noise, in the electrical·engineering context, has come (:I long way toward 
respectabili ty since il was fi rst d efined a s on "unwanted signa l in on e lectronic 
communication system." To 0 fos t-growing body of engineers, noise is regularly 
wonled and used as 0 lesl signal, and the random-noise generator has an 
establishe d role in many test prog rams. This month's fea ture a rt icle intro­
duces two new, solid-sla te generators that deliver ra ndom noise in a variety 
of forms used in audio and sub aud io testing. 

How does your RC oscilla tor indicate 20.0 kH z~ As 200 X 100 Hd As 2.00 
X 10 kHz' As 20000 Hd Even the best of us can be forgiven an occa siona l 
slipped decimal poinl in converting conventional oscilla tor readouts into 
practical lerms. GR's new digi tal oscillator (page 14) solves the p roblem with 
an in·line readout that includ es decimal point and units. 

A one ·percent, one- fa rad ca p aci tor' The mind bog gles, but there it is, 
on page 20. It seems anticlimactic to add that it is also a standard for sill 
other values down to 1 IlF, with accuracies to ± V.%. 

0" t il. Co .... : Ouillol.omll ho w .. o .lo".IYPII .f GO"III .. " "01 .. p. od" .. d b y GR ', " . w 
.o" dom_ .. ol .. 1 . ...... 10 ... Fro ... lop 10 b .. "o ... , .... h . I" Ih. th •• • bo" dwidth l (SO, S, o .. d 
1 kHz ) .. f til . 1311 ond Ih . wh lll, pl .. k, o"d USASI " 01 .. o " Ip"" of Ih. Ull . 

The Gnl(ro{ Radio Expt'rtmlnifr ;:-. IImi l('(1 each mont h without ("hargc 
to engin('('r:;, :<(' iel1tistl<, te('h ni('inn l-i, edul"ators, lind olheN; int(' r('~ted 

ill thi' ill~trllmell tg and t('(,,, Iliques of ('led rical a nd ('I ert rOllic>; lIl ('lt ~ \l r('­

mcn\:-; .. \ddrc:-.,; all ('orr('spondc ll{'(' to Ed itor, Gnural RadiQ N.rIH:ri­
mf'nlcr, n(,lll'ral Radio Co., West ( 'mll'on i, ;\ Inss. 01781. 
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RANDOM-NOISE GENERATORS 

The lIseS of laboratory Nlndom·nobc 
generators have multiplied rapidly ",im'c 
the introduction of the finst comnl<'r­
ciully available model some .rea~ ago. 
At first. they were principally usC'd ill 
laboratory studies of methods of over­
coming the effects of noise in com­
munications 8y~tCIllS; the random-Iloise 
generator W:lS a controlled source of 
noise disturbance for "uch tests. ~ow. 
however, random lIoi,.;c has come into 
its OIVII, and ill mnn)' UI)plieulionJol. it. has 
become the tc:;t ~igntll. It is u:;("ful ill 
Ciel'lcical mCiliSurClllcnls because its 
wide, continuous frequency sp('<'trum 
and its amplitude distribution simul1lle 
the cha racteristics of many IIlItural 
phcllomenll lind l)Ccnu'lc it offers the 
pos:,ibility of using Il l'ingle mC:lSure­

mcnt as an indicator of performtul("c 
over 1\ wide frcquency band. In (ItOllS­

tit'al metlSurcmcnts, bands of random 
noise arc used to ~mooth response 
curves that. might. otherwise be diflieult. 
t.o interpret. The usc of random noise in 
psychoncoustic:d experiments has great­
ly incrcased our undrrstanding of the 
procetiS of hearing .. \ 1"'0, becau-sc mn­
dom noise best !olimulates the vibrations 
that. aircraft and rockets arc subjeetcd 
to in flight, it is commonly used in 
vibration and fatigue testing of :1('1'0-

space components, assemblies, and 
structures. 

lbndom-noi~ generators can be 
c1a;;..~ifird u('cording to the spectrum of 
thrir output. and instruments nrc avail­
ahle to co,·cr frcquencies frOIll ncar de 
to microw:l\'c. Our consideration here 
will he limited to lludio-frcquCII(·y noise 
generators. 

W HAT ARE THE IMPORTANT CHARAC­
TERISTICS OF AUDIO· FREQUENCY RAN· 
DOM·NOISE GENERATORS~ 

Just as it is desirable that. sine Wtn'cs 
have low harmonic distortion and that. 
rectangular pul!ol<'s ha\'e short. risc nnd 
fall tUlles, there ,·ery definitely arc de­
",irable char:u·tcristiCti rQr random noiMC. 
1I 0wc,·cr, mCll-Sliring and spceifying 
them requires the lise of different. COIl­
cepts than those needed for sine-wave, 
pulse, and other periodic waveforms. 

Random noi~ is a sibrnal \\"h~e in­
:,tant:llleous amplitude cannot. be pre­
j'iscly predicted. It. can be dCS('ribed 
only in terms or certai n Iwemge prop­
erties, of whieh the most. important 
nrc the speetrum and the zunplitude 
distribution. For accuracy, mcasure­
ments of thcse properties must be 
n\'cragcd ovcr a long period or lime, 
ruI there is :llways some fluctuation 
prc>;('nt in mC'llsurements of a random 
function. For instll.nce, when the spec­
trum of random noise is measured with 
nn llnalyzer, there is always some nut-
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tering of the meter pointer. The user 
eXI)('{"bl hut'h fiUClUllliolL, as it n"Sll l"e~ 
him that he is melll-iuri ng r:lnd om noise, 
and he ehoo~e3Ih(' :\Vl'mgillg time to rt'­
duec thl' fiu<"tuniiOIl to 1111 adequatcly 
lo\\' len'l. 
The Sp ectrum 

The speetrulll of a I)('rio<lic signnl iR 
('olllposcd of di"ercte lill(,s, t'uch corre­
spoudillg to a CompOILl'llt ill the fre­
qucney speetrum. SUl"h :l ~jgn(ll is pre­
dictnbl(', not nUldom, bct'lluse of the 
periodicity of {'aeh of its components. 
The spectrum of rnndom noi~, 011 the 
other h:\nd, i~ a eontinuous function of 
frequency, contllining 110 line <"0111-
ponents. 

T he fundion u!iCd to deseri!>e the 
Sl>cctrum of rtlndOIll lIoi:;e is spcrtral 

intensity, ex pressed in units of \'olts 
Sq uU fl"<i per w lit frequcncy. (When di­
vided by the re ... i:;tIUlce ac ross which 
that \'oltage a ppcar", it becomes the 
I>owcr spectrum, expre.-wxI ill waLL'II>cr 
Ullit frecluerH'Y.) T he spectr:.1 intcnsity 
is the l'o,.ine Fou rier trun"form of the 
:mtIX'orrci:nion fun('lion, and it. i:i n 
C·O II \·cnicnt fundioJl i ll theorcticll.\ COII­

sidcr:ltions of noiJ;('. It is not, however, 
thc most {'OIl\'Clli{'IIL fUllctioll for prac­
ti{'a,i measUl"CIll{'lIts; speCtra arc usunlly 
1ll{':l:Surcd (lUI with an analyzer) as \'0\1.­

ngc in fi gi\'cll bandwidth, and filler re­
sponses, used in shaping Iloise spectra, 
t\re usually mCll.surcd in te rms of voltugc 
(not voltage S<luured or power) us a 
(unction of frequency. We t herefore 

A WORKING GLOSSARY Of NOISE TERMINOLOGY 

Amplitude Deluity Distribution: a func­
tion gi"ing the fraclion of time that the 
voltage dwells in a narrow range. 

Amplitude Dillribulion Function: a func· 
tion giving the fraction of time Itlat the 
instantaneous voltage lies below a given 
level. 

Gaunian or Normal Distribution; a par· 
ticular amplitude distribution of great 
fundamental importance in the theory of 
probability-the Gounion Probability 
Density Distribution is the "bell.shaped 
curve." 

Noise: any unwonted signal, including 
noise, hum, crosstalk, etc. 

Pink Noise, noise whose spectral in· 
tensity is inversely proportional to fre· 
quency over a specified ronge,therefore 
dissipating in a constant resistarlee equol 
power in ony octave bandwidth in that 
range. 
Random Noise: a signal whose inston­
loneous omplitude is determined at 
random ond is therefore unpredictable. 

Truly random noise conloins no periodic 
frequency components and hos a con­
tinuous spectrum. 

Spectrol In ten~ ty: a funclion precisely 
defining the spectrum and having Itle 
units of voltage squared per unil fre­
quency. 

Spectrum, the distribution of the com­
ponents of a signal acron the frequency 
range. 

Sta tionarity, a property Ihat random 
noise is said to have if its spectral in­
tensity and amplitude distribution do not 
change with time. 

Vollage Spectrum: a function which is 
Ihe square root of the Spectrallnlensity, 
having the units of vollage in a unit 
frequency bond . 

White Noise: noise whose spectral in· 
tensity is constant over a specified 
lange,ltlerefore dissipating in a constant 
resistance equal power in equal bond· 
widths anywhere in that range. 
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- 1I1>C. pmctictllly, the l"Oila{]/' 8pa/rulII, 
whO!<C unit:; arc sometimc,; inclcgalltiy 
callCtI "volts IX'r rool hel'l z," hilt II'l1il'h 
we Pn'f(,f to {'XPf'{'SS ill terms of "volt­
age in :l orH'-hcrtz h:lIl{lwidth." Xu­
lllcril'ally, it. is lhe "><Iuarc root of the 
spctlrum Ic\'d, n;'! dcfincd IIho\'e. 

Th(' mo~l K{,llcrally dC"lr:iblc );pee­
trUln for random Iloi;;c is one that is 
COIl'itllllt o\'er :1 wide rangC' of frcqlLclI­

t'les. 8111'11 nOl"{' i .. ('alled "while noiM!" 
by annlogy with while light, II"hl('h ton­
tall1S more or Ie,.;:; ('(IUnl inICIl."itieM of :dl 
vil'iihlc t'olors,· T here arC', of {'OUN', 

other ~I)('c:tra morc t'Olw{,llient for eel'­
tt~ill uses; some of thc'ic will bl' dis· 
cusscd later. 

III mCfi ... uring the s(X'elrt\ of modl'rn 
wide-range noi.-.{' gencralorfl, it is nCI'cs­
sa ry to u;;e analyzer:; t hat co\'er Il wide 
rallge of fl1."(IUCneie~. Thi" gellerally 
meum; u:-,ing M'\'erul all:llyzrr~ eon'ring 
differcnt rtllIgC:-l, and il also Il)('ans 
knowing the cffectivc hUlldwidlh of 
each so thal data can he accuratcly re­
dll("ed to the same Clllli\'ulent band­
width . The duraderisti<.'s of tht, d etec­
tor in ('adl annlyzer 1U1I,.,t be knowll. 
too; peak, a.\'('rage, ami true rill!! uctcc­
tors re~p()ncl ditferrlltly to mnuom 
noi"e, :lnd appropriate corrcction~ IllU:.t 

be npplicd. 

The Amplitude Dist ribution 

The reiation"hips betwccn the root­
mC:lll-square, I Ill' rectifird 3\'erage, :lnd 
the lX'ak vulu{' of :-line WllV('S, pul:«'s.lllId 
other w('ll-<icfinoo lx-doole w:l\'efvrms 
;"Ire generally easy to determinc hy 
m~lthcl1lalienl {·ulClilation. Knowledge 
of the,.,e I1."lation~hip~ i" llecef:S:.iry in the 
usc of \'oltmeten; of difTerelit tyP(':<, 

• Alth""lh ... I!M"~U ( R~r. I II. IU 1""nlJl ,~H. ,h~ 
""Ioey hal I ..... n ,I.,"n inoo,,,,,,,lv ... not' .''''''t...,..OI''''. 
"'~'" , ...... ".inc ,,, ....... ) ... /""".lOn ...... ·.,-~I~n~lh. ,ml 
IbQ r .... a.1 ,t 1.0 b" ..,h"tanli.lly ..,,,.tant /JO"' unit ........... 
I • ...,u. IlOl I""" uBit !rtfI'M"".' 
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whi{·h lIlay 1Il(':ISlIl1." the n..'t,tificd a,·cr· 
aw', the lX'ak, or t he rill ,; value of Il 

voltage. hm whit·h are gen('rally cali· 
hrat('d to indi('at{' the rm'i v:lill(, of a 
,.,ille W:I'"(' . Tudl'\ (' rmill(' the re"pOII.st' of 
a \'vltmct('l" to random noi:-;(', il is lI{'cC'i­
~Iry to kllOw tht' I1."lali\·e (){'("urrellee of 
"a rioll" lImplitudl'."; ill the noi'-£' ,·oltage, 
gil'('l1 hy the (lillI/hill/It' dW811y di~·(nfJl/­

I/f}/~, p(I') or hy the /I//Ipl/twll' (hstri/.IU­
lion fllnt·tIlJII, 1)(1'). These functions 
de,.,nihe till' amplitude disnibulioH in 
t('rms (If probability . T he value of 
IJ(I,.)I/l' I,., the prohahility, 0 11 f1 seHle 
from 0 to I, th:lt :It :Iny iUi.tallt in timc 
thc :ullplitude of the lIoise will lie 
bel WC('11 I'. and (t'. + 1M. J-' (v) is the 
iHtC'gral of 1'(1"); " (t'.) gin's the proba­
hility thaL :It lmy im.\:mt in limc the 
amplitude of the Ilui :-;c will lie below I' •. 

The lIormal, or l:aussiflll, amplituue 
d i~trihlllion is of fUlldament:l1 impor­
l :lIH'C ill f'tati..;tieal t heory nnd cl csc rib('.'S 
ma ny nat ura l plll'nolllcna. The ccnt ral­
limit lIwon'l!l of statistieli .state.;, in 
{' .... -.('II{'C. that t lwdistributiOIl of lhe.sum 
of a IlIlml!('I" of illdept'lIdclIL ra nd om 
\";\riahle,., appro:wh('" the Guu:;:;ian dis­
uiiJuti un a,., the lIumber of such vlIria­
hIes is ill (·rC'!lsed, regardlel':'! of the dil;­
trihlltioll~ of t he indiddllal ,·ariable_..; . 
By rxtcll:siulI of th is reasoning, reducing 
the bandwidth of a non-Gaussian run­
dom 110i<.(' will gC'n('mlly make it. more 
Gllu""-,,i:ul. III that ;;ense, t he Gaussian 
dis(ribuliOIl i:-.: a st:lhle dis tribution. 
It is the dif't ribution of normally occur· 
ring rtlll(iolH ('rrors in expc-riment:t1 
Il1rasurcmrllt;!. It i,., a lso the Hmplitude 
dist ribut iUIi of lIat IIral electrical noise 
(r.~ .• :-hot 1I0i* ill all electron st ream 
and tlll'rmal 1I0i:-.(' in a r($i.stance). T he 
pl'Op('rtil'''; of the (;all~illl1 distribution 
hal'{' h('cl1 .~I\ldi('d inICllsi\'eiy and nrc 
\\"ell known. For all these re!lw ns, the 
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Figu,. 1. Th. ampUlu". donilly distributlo .. p( .. J 01 Gou .. ;," ... andom no l ... 

G3u~ian distributiun is most dcsirnhle 
for a geueml-purpo .. "C mndom-noi:<e 
gellerator. 

The Gau",~ial1 proh:ll)iiity delll,it)' dis­
tribution, p(d , iii Chara('lcrizoo by the 
well known h('Il-~haped curve ~holl'n in 
Figure I. It is plotted in tcrm~ of rI, 

the rms amplitudr of the noi~ (lhe 
standard dcdation in stalisticui the­
ory ), The Gau .... "inn prohahility distri­
bUlioli fUIlt"tioll, I~( l' ), L .. plotted ill Fig­
ure 2 , again ill term" of (/. It ('an be 
~n from Figure :!, for eX:l.luplc, that 
t\ Gaus: .. ian rlllldOIll noiliC exceeds its 
p08iliv(' root-m{'lul-l.'qwln,' amplitude 
only ahout II)rc of th(' lime :\IId twke 
that vulu(' only ahout :z t'Q of thp time, 

The rillS amplitude of a noise with 
G:Hls,.,i:lII lllllplitude di~lrihlltion i~ U; 
the reetified a \'N:lge nllue is 11 V (2 Jr): 
In n. IlIrll:mr(,lllellt of (:alls.'ian noi~c, 
:l \'ohlllf'trr thal responds to the ret­
titled !l\'<,ra~<, :\Ild that. is calihrated 
to indil'ate the rm:; of:l sine \\'II\'e will 
indicnt(' 11 \'olt:l~r that. is loll' by the 
fac tor 0.891 (- I.O.) dB),* In g<'lIrral, 
rcctifir<i-a I'{'ragc-rcsl>onding \'olt meters 

• M".b !' .... Ii ..... in ro . .... t""" _ milia .. nd"", Il00.., io 
DOnt ... n ..... 'n R~r~....,c .. 13. 

nre recommended (with the above 
correction bcing used) O\'cr t rue-nns­
l'('''I)()IIding metcNI for mea:suring noisc 
\'oltages; the resl>on:;c time is usually 
fll1"ltcr, :lnd the time constunt. required 
(or a pllrticlIlar dcgree of smoothing is 
$Iightly Ic:;s. Although the response of 
pcak-rcf:ponding voltmetel's to random""' 
noi"e is known!, calihration depends 
UpOll accur:lte knowledge of the con­
stants of the voltmeter circuit; beeausc 
of this, pctlk-re!<ponding voltmeters are 
not. recommended for noise measure­
ments, exce pt. where the npplication 
rcquires t hcir wide frequency range, 

Thc alll7)litl4de disirib ldiO'l jU,u:.tiOll 
('an be mcasured with commercially 
:ll':lilablc amplitudr-d istribution ann­
IY7.crs. Th('!;C gcnerally comprise Ic\"cl­
rr~ing dctc('tor circuits, togcther with 
~omc sy!;tcm for measuring the a.\'erage 
fmction of time th:lt. the Ic\'el is ex­
c('('(lcd. Direct. mcasurement. of the 
amplitude r/t'IIsity dislr ib/lliO I~ requircs 
t.wo ICI'cl-c ross:illg drtectors u l' rangcd 
to detcrmine the fraction of time thut. 
the voltllge lies within a \'cry smnll 
rangc (dll) , Other, Icss accurate, meth­
ods are also useful ill assessing t h( 
amplitudc distribution of random noise. 
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_ For instance, nn oseillogruphic display 
'Df the noise CUll be photographed 
through an opticni wedge, I WIlh a 
long time exposure to give ~omc idell 
of t he d istribution of a lIoise \"oltaw' 
containing frcqucneics too high for 
Icvel-cros. .. ing detcttor flystCIllS. Saln­
piing tech niques {'nn also be tI"cful in 
determining the alllplitude distribution 
of high-frcquClH'Y noise. 

Other Cha racteristics 

Other dc~imble attributes of random 
nOIse llrc 

1. Statiollnrity; 
2. F reedom from contarnilllllillg :<ig­

nals such as h um; lind 
3. True rand omlless. 
The Oll tput of :1. random-noi.~e gelt­

crator is said to he stationary· if its 
u\'erage ('ha nwlNil<tics do not \':uy with 
time. T he noise \'oltnge is eunslantly 
changing, of ('ourse, and never refX'1I1S 

the ilame pattern witl! time, but, if the 
noise is stationary, its spectrum :Ind its 
amplitude dist ribution remain cX:letly 
the 8:101e. The propc'rty of stationari ty 
is important to the experimenter ~i mply 
because he wishes to be as.'iUI·cd that 
the chat:lrleristi{'S of the noi:;e do not 
change du ring the course of his expcri-

0 ' , 

/ 0.' , 
1/ 

./ o -" - - - • 
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ment. Higorous methods of checkillg 
for slat iou:.rily hav(' been developed •. 

It is im portan t that r:llid om !loise 
lIot bC' \'onl:uni na lcu 1Iy hum r{'\ated to 
lhe power-line fr{'quC'II(·Y. hy I of 1I0i:;(', 
whieh mighi a rise in a mplifiers, or by 
otlwr disturb:uwe~. Periodi (' signa ls 
eould pos,:ibly he ('orrf'lated with C()Ill­

IK)lJenls of olher iligna ls being u.~ed , 
producing erroneolls I"('sults in scnilit ive 
Illea:'luremcnts. T he prese nce of periodi c 
siglin Is or low-frequeney semiconductor 
1I0is(' { Ilf Iloise} {'ould a ller the spec­
trum of the noise. I n a r:lndom-Iloi:;e 
gellCr:ltof, slll'h I'ont:lmination should 
he kcpt :I .... low as po.~sible . 

. \11 im portant properly of random 
noi.':iC is true f:lllciOllilleI<S. Pl'rt'uclo-ran­
dorn noi:-e, anlilahl(' as a substit ute, is 
lH'ri odic'. rI' IX':Iting one I}:ltif'rn over 
alld 0\' ('[. .\m ong lhl' limitations of 
p:'lcudo-t'alld ulll-ll oi!itl genCl'ators nrc a 
l"elati\'cly low c'r\,!;t faetor (ratio of 
I)('ak to rill." arn plitudl') :lnd a signifi­
{':llII d('partUf(, from C:alls:·:inn :lInpli­

llld(' di"l ribut ion. For mli lly of I hf' 
rC:1SOllS that I(,:ld (J ill' III ,.;('Iect random 
Hoi::;e as a I('st signlil in ."he first place, 
h(' is g(,lIerally bet ter ofT with Iloise that 
is t ruly random. 

· It.enn~lI W. ~' .. n~f. 1. II ,,2. 

V 
/ 

II 

o • ,. • • .. , 
Fj8 U'. 2 . Th • .. mpl;l ude d j. l, ibul j .... funtli .. .. p{v) .. f G .. u .. j .. n , .... d .. m n .. j .. . 
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TWO NEW NOISE G ENERATORS 

The new TYp~;s l;iSI and 1382 Rnn­
dom-Xoise Grn(,r:ltON (Figure 1) ('m­
body Illany impro\'em('nb O\'('r Ilf'C­
\'iou~ly [wailable instruments: 

I. The amplitude distribution is sym­
metrical and is !l('curntely G!Hlf'..~itln 

to beyond 411. 

2, Th('sc generators u<;(' a semicon­
ductor 1I0i!'j(' ~our('(' and trllllsistor cir­
euits so thcre i.'l ex('('lIelit slnhi!ity 
and no "warlllup" time delay, 

;i. The method of generating nncl 
proce~~ing the noi;:c ell~urc>; no <'on­
ttlminntion with I ifuois<', 

I. .\ varielY of "1X'ctra i~ a\,tlilahl<" 
built into the instrum('nt~. 

S, The outl}ttt imprd:lIlce is G(X) 

ohms. 
Thc difTel'('nt C'h:ua('trri.'lti('.'1 of the 

two units give the u--<,r, a convrnienL 
ehoire of 1I0ise g('IlNator for hi~ spC'C'ific 
npplic:\tion, The TYI'.: 1:181 h~ thl'('(' 
diffcl1'nt output f:1X'('tra: white, with 
IIPlX'r eutoff fr('qurJlrirs of 2, :1, and .l() 
kHz; each flat down 10 2 11 1.; a .. d 
amplilud(' clipping, if desired, at 2, :{, I, 
or.~ 11, The '1'\'".: 1:\82 hn;; i hree spectra, 
while, "pink," nnd l'R.\ Hl 1I0i'<£' (the 
IMter sl)C('ified in n !<tandard of I he 
Unit('d State~ of .\meriea ~tandards 
Instilutf')', and hall\lI('<,<I, fio..'l.ting out­
put. Doth noi~ gell('rator~ h~we ('on-

- -

tinuous output-te\'eJ controls t h!l.t l)Cr­
mit the output voll:lgc to be reduced 
o\'er n range of (j() dB from the maxi­
mum of 3 \'olls opcn-circuit. 

CHARACTERISTICS Of 
THE NEW NOISE GENERATORS 

The t\\'o instruments usc til(' 8.'l.IllC 
method of generating random noise; 
they differ mainly ill the sl)C('trnl filters 
:lIId output ('ir~'uit.'l. In each in'itrumcnt. 
the lIoise io; grncr:ltcd by a :o;cmi­
('ond uctor noise diode in a h:lJHJ {'x­
tending roughly from 80 to 220 k Hz, 
The amplitude in this bandwidth is 
kept constant hy an automntic level 
cin'uit, whi{'h ('orr{''('ts for the lcml>crn­
lure ('ocffieient of the di(Xle. T he output 
from til(' noi.'l(' d iodc is lH.'t('rodyncd""'" 
down to t he nndio-frequeney haud in a 
hal:mcccl, symmetricnl modulator, th\ls 
making the tI mplil nd(' distrihutioll sym­
mrt n(·al. It 1)('('0111('" ('\'{"II moT'(' ae­
{'ur:lt('ly Gaus .... ian I)('{"au~ of the llllh­
.'I('{lucnt. furthcr hand width rcdlll·tioll 
by filtering. 

It iR h('('oming of in{'rc:lf:ingly grctltcr 
irnportMl{'(' In the u.-er of random noi:'IC 
10 know it~ IIlllplilmle distrihution ae­
('urately, and till important fr:lIurf' of 
these new 1I0i--<, gf'lI('rators i,; II. slX'C'ifi(':l­
lion on IImplitude di;;;tribution. Thiil 

- -
Fig .... :S. Typ .. nil (I. fI ) and 1312 landom_Noh. G . .. . . olo.s. 
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spccification is given in terms of thc 
amplitude density distribution as me"-lS­
ured with a wind ow, dv, of finite width, 
in this case, 0.2/T. T bc spccificaLioli is 
slated at. 0, ±I, ± 2, ±3, and ± 4 u. 
Peaks of even higher levels are present. 
in the output noise, hut the."C are 
usually of little importance. T he encrgy 
contribution d ue to peaks abO\'e ·117 
is cntircly negligible. T he rcsults uf 
,neasuremellts of the amplitude dCllliity 
distribution of 1\ numbe r of these inst ru­
ments arc shown in Figurc ,I. '\ Icasu rc­
mcnts WNC made in a "window" of 
0.2/T, :llld the adhercnce to the Gaussian 
distribution out to 4/T is seell to be \'ery 
good. T hc maximum ercst fador of thc 
noise is limited by the vol tage or cur­
relit swing capability of t hc output 
amplifier stagc. At full output, clipping 
in the output stage willl10t occur below 
4/T; redu cing thc output lc\'cl to hulf 
thc maxim um will ensure th:H peaks 
to 8/T "un be prescnt. lIo\\'o\'cr, tho 
probability of occurrencc of peaks 

, 

00 II .. " of 'hu. ..oi.e 
'. '" g . .. . ... , .. ,I. 

above ;jq is so slight that waiting for 
one to occur lies somcwhere betwccn 
tedium and hopelessness. 

1381 RANDOM·NOISE GENERATOR 

Thc 1:38 1 is intended :IS a noise 
sourcc for dri\·ing \·ibralion tcst sys­
tems and as a general-purposc noise 
source ill the audi o-frequency range. 
A block diagram of it is shown in 
Figuro .j. 

T he output spectra of thc 1381 ure 
white (flaL± I d 13) ovcr three rungcs, 
from 2 li z 10 1, 2.5, or 25 k ll z. Thc 
upper culotT:; arc detcrmined by But­
terworth filter:; huving 's lopes of - 12 
d B per o("\u\,e, a nd upper cutoff fre­
qucncies of 2, fI, and ,50 kHz, respec­
tively. As thc bandwidth is rcdu ced , t he 
gain is increa.scd so t hat the output 
power is the sa mc for each rungc. Tho 
voltagc spectra. of t hcse thrce outputs 
of the \:J8 1 are plotted in Figure G. 

The output of the 138 1 ean be sy m­
mctriclllly cli pped , if desi rcd , at ±2, 

FlO"'. s. Block d log.om o f 
Ih . 1381 R .... dom_Noi. e 

G . ...... , ... , 
,.._, 

"~>--~,~ 
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±3, ±·I, or ±:3 fl. Suth dipping hus nl­
most negligible cffect on the totnl power 
or on the shapc> of the spectrum. Cli p­
ping is uscful in c a~(,ll where high-power 
aJllplifiers :'Irf' being driven at Ie "cIs 
where (}('cusioJlul overlouds from noise 
[X'aks could be hurmful. Such clipping 
is also used for prcclHltionary reasons 
III vibration testillg. 

1382 RANDOM·NOISE GENERATOR 

The \:382 is intcnded !'ipecificully for 
use in the :ludio-frf"qlu'IH'Y range, liS a 
brO(ldly uscful generator of test sign!ll". 
A block di!lgmm of iL is showil in 
Figure 7. Th(' 1:)82 Rund om-:\'oise 
Gener:ltor also ol'ff'r:-; three choices of 
spectrum: white noise, " pink" noise, 
and " lISAS I " noise. The white noise 

flgu.e 7. Block dlag.am of 
the 1382 Rondom. Nolu 

Ge .. e ,olor. 

~ 'H. \ 

\ \. 
(\ 
1\ \ 
\\ 
\ 

\ 

" !DO I oH, " ' 00 
fH[DU[I<cr 

is flaL (± \ dB) from 20 Jr :-. to 2:3 k Hz 
:lIId ha~ (\II upper cutoff frequency 
(-3 d B) at !iO k Hz, with nit upper 
cutoff slope of - 12 dB I)('r ottnve. Pin k 
1I0ise, by further (n nd a liLtie mol' 
nppropriute) nnniogy with optics, iii so 
eal1<'(1 hcc:HI!'ic of its emphasis on lower 
frequcncies, a~ ill reddish liA:ht. Pink 
noise has (\ spect ral intensity thnt. is 
inversely proportiotlul to frequcncy, 
that. is, a voltage spectrum that. is 
inversely PI'O I)Ol'tion~1i to the sq uare 
root. of frequency. It has equnl energy 
in cal'll ortavc band and is therefore 
uscful in measu rcmcnts mude with 
constanlr-percentllge-Iwlld wid t.h analyz­
ers.lt The pink-noise output. of the 
Tn.; 1:l82 is pink over the range from 
20 H z to 20 k llz. T he spect.rum of 

., 
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USASI noi$(! results from the pnSSo.'lgc of 
white noise l hrough t.wo simpir ne 
filters: fl high-pnss unit. with :\ cutoff 
freq uency of 100 li z and n ]ow-pa.'\S unit 
with 1\ cutoff frequency of :320 l i z. The 
s pectrum {l.ccurately follows these ('il:lI'­
actcrisli("s from 20 Ifz to 20 k il l,. 
USASI noise roughly si mul!lte~ I he 
d istribution of energy with frequcllcy in 
speech nnd music, and it. hns been u.:;c<1 
for testing am plifiers and loud.~ IX'akcrK 

These three outputs of the I:iS2 11M' 

plotted us voHngc spectra ill Figure S. 
In t his instrument, t he output lI m plifier 
includes 1\ t ran sformer, so t haL the out­
put. can be tuken flont ing, si ngle-sidcd , 
or balunced. 

APPLICATIONS 

It is almost impossible to k('('l) tr:wk 
of a ll t he npplietltions thM iugrlliolls 
users are find ing for raudom-tloi~e 

generators. The following list, should 
demonstrate, howeycr, thaI, the evcr-

.... nu . ry 1966 

expanding applications of random noise 
now extend into many fields, fo r e3.ch 
of which ra ndom noise h38 some un ique 
properties thnt have by now mude its 
use standard procedu re. We ctln d ivide 
the uscs of noise gcncrators into five 
broad categories: 

Simula tion of Naturally Occurring Na ise 
of Controlled Characteristics 

Noise of known amplitude and known 
spc<:tml characteristics is the most effec­
ti,'e for testing various methods of 
signal detection alld recovery in t he 
presence of noise, as in radio, telemetry, 
rada r, nnd sonn r sY:ltems. I t aLso can 
be used fo r sim ullltion of noise on 
telephone lillC:I, fo r 1I0i~ interference 
te1>ts on Illult i-rhall llc! systems, and a:l 
background noi~ in compari.solls of 
signal-proce"-Sing 8ystcms. 

As a Test Signa l fo r Electrical Measure ments 

X oisc ha:'l lIl:lllY U8<'S as t he test signal 
itself in ('Icel ri('al IllC:lsurcmClI ls. These 
indude illtermodulation-distortion and 
crosst:llk I1lC:L.o;.lIl'('lIIcnt!i 011 Illuiti-ehall-
1Ie1 conununiC:llioll:-\ sY'Itcrlls,'lhe simu­
lation of randomly occurring lraflic 
in COllllllUni('ation '1y.stClII!i, tests Oil 

5Cr\'o amplifirl"ll, and ~t mlie ... made with 
analog COlllputCr:<. \\'idchand noise (':In 
be lI~ for determination of the illl­
pull'<! rr:<PfJlI"C of net works and Jiyslellul 
by ('ro"s-{'orrcIMiOIi of the output with 
t hc ill l)ut. I t. i:i ('omlllonly llscd for 
&'tling I(>\'(' I ~ 011 ca rricr equipIJwnt. 
I ls rdatiwly high :lnd sYlllllletrical 
('rcst f:tnor Ill:lkes it. suitahle for meas­
uring o\'rrload charadcri"tic8 of ampli­
fiers. Broadhand 1I0i"f' ("all also he 
applied to two ~\lppo~dly idcntical 
network". thcir Ollqlllts then bring 
('omp:lrrd by I. i,.. .... ljou,; p:Iltern tech· 
n iqllcs. 

11 
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As a Tes' Signal in Acoustical and Psycno­
acoustical Measurements 

nand~ of noi~e arc oftC'1l u~1 in 
makinp; fn'(IUCllCj'-n'spolisc mt':\surc­
mont.!! 011 Ini('rophones, IOIIlI~lX'akcrs, 

nnd rOoBl~, tu i<l1looth the ],(·,.;ullant. 
curn's for casier iulerprl'tation,l :\oi;;e 
is ttll cx{'ellcllt t('~t I<ignal for me'I,sure­
mcnt of n'H'rilcr;ltion timc· IIlHj for 
rc\'crberant te~lillg of ;leousliral prop­
crties of matcrmk ~imilnr appllcatioll.". 
ineludl' tl'sbi of Ihl' goulld-trall~lIli!o"ion 
propcrtiC's of lI:\ils, panels, and flOOrl'\8 

nnd mcasurellwlltii of sOllnd IItt('uliution 
in duds, i\'oil;(l is also used ill tCl<ting of 
sil(,IH'{'nl for f1ir-('onditioning I<ystcm~ 

and sound-proofing of :tirt'ruft, I n psy­
cho.'l.tollst it,S, lIoi:;c is u&'d in lll:lIIy 

heurinp: t('!.ts und ma."king ('xlX'rilll('ut.,,· 
and in tt';;ts of intelligibililY of Sp('('Th 
in the pre~cllec of lIoi~, Handom noi1i(' 
is albO uo;{'(i in ~tlldie'l of thC' uppli{'lltioll 
of ('orn'latioll tedllliques to :It'ou'ltie 
re{'ei ving systcms, II 

As a Driying Signal for Vibration Testing 

nil ndom noi,'ie il< USf'<1 to dl'i \'C ~hnkers 

for \'ilmlliOIl tcsts of {'ompouC'nts, (\S­

~mhlie:ol, nud stru{'lurcsll and is "imi­
Ilirly npp1ir<i to 10ud"pcak('1'S for suh­
jc\,tillJ/: th(' "':lIne t(',..t obj(,(,ts to high­
iutclI~ity ~oulld w:wes, It i~ :11"0 uo;{'(l 
for fntiguC' l(·~tillg of stru('tur('s ~lIh .. 
jected to sound or ·\'ibrntion,11 

In Demonstrations of Sla tis lical Theory 
and Information Theory 

In th(' elas.."roolll, random-Iloi,,(' gt·ll .. 

('rntors ar{' nat urally l'nllf'<.i IIpOIl to 
familiari1.{' student. .. with jlropNlieR of 
rundom Iloi>-<', int'iuding amplitudC' dis­
Irihutiun.I' In the Inhoratory, noil«' 
is u~dul in ('xpcriment;: on ~igllal .. 
dC't{'{'tion 1111<1 :<ignnl-prcx'(',.."inv; !-.ys­
t{'m", ilwluding eorrelJltioli d('t('ctioll 
sy~tcms, 

JaTlll'1t J, Faran, Jr. Ill­

rely~1 hiM AI1 dl'g~ 

from Wa.;;hinglon and 
Jeffel"5lm ('ollege in 19 t3 
IIlId hi~ :'11. \ and PhD 
al Harvard {'nivl'fllity 
in HJli find I!).'jl, respec­
tively. Berare joining 
(:enNfll B1Idio in 1!J5:.!, 
J)r, Fllran waij a lIe­

'I 'lit lIar-

":~;~::~~~',r.;' working on 1 he apllliMlli'/Il of teehnique!I 
to arou~lic ll'n'ivillK llIy"tem.~, Ali a develop­
menl engin~r in GIt'~ .\mlin (:roul), be hs..;; 
worked on II variety of irl.~tnHnent.;, includ­
ing reeQrd('N, vohll1ctc"", and analyzer!!, 

SUMMARY 

T hc d ivcn;ity of usc:; fo r mndom 
noi"e led 1I'i to ofTcr two compact., in­
('"p(,lI"i\"(~ gcnerators, cach of which 
inrludel'i lho!'c fcatures most dc~irablc 
in a c('rtnin family of applications, To 
summarizc the ch:.traeteristics of ench 
instrument, from thc apl)lications vicw .. 
point: 

T he 1:381 gencrate'! lIoi~ thnt is Rat 
d ow n to 2 I h and is ('specially wc11 
suited fo l' r:Uld om-vibmtioll tests and 
for gcneml-purposc UliC in the audio 
and !<ub:.tudio rang(', T hc upper fre .. 
quell{'y limit c'un he switched to 2, 5, or 
,-10 k ll z, :md Ih(' output ,:ignal tlln be 
dipped symm('tric-ally lit ~, :1, 4, or 5 
tinl(''' the rm .. amplitude. ,\ mpliLudc 
diiitrihution is GlltI""iaCl. 

T he 1:382 gcncrat{'s nois<' in the 20 -1 1 z 
to 2O-k II z b:lnd and is ideal fo r clettril'al, 
ucollstital, Ilnd p"ythoacou"tital tests. 
T hl'C(' sJX'('t ra ar(' ofTl'rcd: white (flat.), 
pink (-:~ dB ·ot'l(lvc), alld L'S,\ S I. The 
output {'nn IK' wkt'll hala lwro or un­
bn\:I11('(>(1. floating or ground('(l. 

130th in~lrumcnH nre houS('{i in c:lbi .. 
n('ls only :H~ in. high and 8 1':2 in. wide, 
with tU(,k-mounting options, 

J , J, F AIlAX, Jr, 

1 
) 
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SPECIFICATIONS 
TY'E 1l,1 

5p,", Irum , Flat *1 dB from 2 li z to I, 2.5, or 
25 kll z: UpJlCf eutoff frequel1l'Y (:klH pomt) 
CIlII be 8'Altched to 2, 5, Of 50 klh. ;':pec."tml 
de!Laity Ilt :~ \' oUlput fi nd rOf I-I h b:rnd"idth 
ift D.Jlj)fOX 61, 10/ nnd 1;\ In V, r('jjpcctivelv, for 
2-, 5-, aud 5O-k h upper cutoff. l'pper cutolT 
alOIJCl i, 12 d B/oc tnve. (:;eo Figure 6.) 

Gau.s..iall 
Proba.bill/II Am,xiludt Dt:n.til/J 

I'ol/age DUl&it/J Function ) illtributlO'l 

o J O.0700 1 0.0700 ± o.om * " O.O-l'H O.OIS-I ± O.l)t).'i 
* 2" (t OIQS O.ll1()S ± O.O():~ 
±3 " l).ouo.."'J') O.OtM)!-!)S ± O.UOtYl 
± 1" o.U()()(m I (iJJ4.1002i·1 ± O.OiJ(IO'.! 

Theee claw. ml'alluretl in " window of 0.2 ", 
('entered on the indicaltd \'allles:" il! the flnlKI­
"rd deviatioll or rme vallie of the noise volUKI'. 
:-.'oiae can be cJiPl)t'(1 nt nlIPtr)x ±2, ±:I, ± I, 
Of ±5 " 10 remo\'e the ex(reUII!II or :uIlplitudl' . 
:-Ouch dip])ing lUll! rregJigible effC('t on the lIl .... ,cO­

I rum or rmll vlllue of output. 

QUIput Voholl t: > ;1 V r illS rnnx, open-circuit, 
fOf nny bnndwidth. 

Output Im~d .. nc., 000 Uhlll.ll, unhal8nced. Can 
be S:lorled "ilhollt ("/lusing distorlioll. 

A.mp litud . Co"I .... , ('rnninuo)us :.dju~ l ment from 
full vUl ])u t IA.I 1I]l]lrux ('0 dB below Ihllt. level. 

h,m'n .. l., Oulpul III fr"ul.-]lllnd himlin~ pOIlU:! 
lind rc"r-lllIneJ U:\(' rmuwdnr. 

A.cc. norin Supplied , P,)wer curd, .IIP8te fUIlCll, 
rack-mounting hard"IHe where nl,proprillle. 

' ...... r Requ ired , 100 to 12:> o r 200 to 2;)() \r, 
50 to -100 Ih, (i W. 

M"u", j"II ' COllvertible· lwnch t"abinet. 

Dlm. " , ;o", (widlh x IwiJ:ht x dellth ): Bench, 
8 11 x all>' x ~j11t in. (2'!0 ,. \I!J x 250 mm): flick, 
1!) x:\' 2 x!j in. ( ISS -.: 89 x 2;30 111111). 

Weight , Hel, ;,, 1 Ih (2.5 Iq~ ); .hipplng, 10 Ib 
(1.11 kg ). 

TYPE nl2 
Speurum , ChoiN' nf (n. white noise (ron8l.nnt 
cn('rR.I· per Iwrll h.111,\"i.llh ) ±l ,m, 'lO Ih to 
20 klh, wilh :i .. dU 1)f,iut8 lit. :']I])Tllj( 10 IhI lind 
50 k ll z; ( h) pink n<)ise «(,(IIISlI,ut ellefltV lK! f 
oc·tnve bllndll Idlh ) ± I dB, 20 II~ to 20 kl h; Of 
(1') l,'!"A!"I noi!M'J 'UI .IIpedfied in l ':-\ '\ StlUld(l.rr.l 
:;1. 1-1001. (:-oee t 'igllre 8.) 

v 
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the ~xperlmenter 
S ' Ee l fie A T I O N S (conllnued) 

Wo .... form : Same 1!.8 1381, except c.lipping i9 not 
provided. 
Output Votloge: Same 1\8 for 1381; lIOO abovc. 

Output Impedo"~.: (l()() ohms. Output i9 floot­
ing, clln be oonne<:lcd balanced or unbn1lluccd. 
Amplltud. Control , Snmc lUI for 1381 ; 900 nbovc. 

Termlna ll : Output at [rout-pnnel binding po!llll 
Ilnd renr-panel jaclul for d ouble p lug!!. 

A« . .. o. le. Suppli. d : I 
' ower Requ ired : 
Mounting : Same 113 fo r 1381 j ~ce 
DI .... nl lo n., above. 
W.lghl: 

Ducription Pria i'l USA 

Rondom_ Nol.o Oen .. olor 
1381_9700 
1381_9701 
1382.9700 
1382·9701 

2 H1 to 20 kHz, Sench Model 
2 H1 to 20 kHz, Ro ck Model 
20 Hz 10 20 kHz, Bench Model 
20 H1 10 20 kHl, Rock Model 

$37,S.00 
39&.00 
31$.00 
39&.00 

WIDE-RANGE RC OSCILLATOR WITH IN-LINE 
DIGITAL FREQUENCY READOUT 

Central to the popularity of the gen­
eral-purpose RC oscillator is its con­
tinuously adjustable frequency dial. In 
fact, the HC oscillator did not become 
popular until variable air cllpacitors 
were used to provide continuous ad­
justment over 10:1 frequency bands. 
This method of frequency selection, 
with dial and vernier, provides a COII­

venient compromise between case of 
reading, setlability, resolution, and 
ability to sweep. It will no doubt con­
tinue to be most popular for general 
laboratory use. 

As requirements for great<.'r accuracy 
and resolution and for digital program­
mability have had their effect on signal 
sources, noncontinuous or diS('rele fre-

'- • 

• 

, . 

quency controls ha ve replaced the con­
tinuously variable air capacitor. This 
trend is most app:lfent in sou rces using 
synthesizer teehniques, where seven or 
eight digits of resolution are common, 
and also ill RC oscillators where push­
button and rotary switches are used to 
control three or four digits. Since the 
use of discrete steps allows closer track­
ing of the tuning elements, this type of 
tuning most often appears on high­
performance, high-cost instruments, 
where t he objective is to improve per­
formance characteristics of the source, 
such us stabi lity of output, distortion 
and noise. In almost all cases the actual 
method of frequency selcction was re­
sortf'd to us an undesirable necessity, 

.. _._.-

flg"r. 1. The Typ. 1312 Decode O.cliloiol. 
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fig .. ,. 2 . t .. _I1 .. . ,,,,do,,, of 
" . qu .... y wllh pOllllo .. . d 
d.clmol pol .. 1 ond .... 11$. 
l .ol! Ilg .. lft.ont digit II 
.ontl .... o .. lly yo.lobl. with 

o d., ... , 01 • ., • . 

nnd li ttle attempt was made to utilize 
the discrete steps to provide a more 
readable or more e:lsi ly set control. The 
use of XI , XIO, otc r!tngc multipliers 
und confuslllg dcr imul-point locatiolls 
with strange units is still common. 

Alld yet, this type of frequemoy !'cler­
tion can l:w quit(' desimblo in ils own 
right. Hs greatest advalltage is that 
the snme frequency can be reset very 
accurately, 0\ er and over again, limited 
only by the stability of the oscillator. 
And it can el imi nate perhaps the worst 
disndvantagc of the continuously ad­
justable dial: difficulty in reading the 
frcqllcllry quit'k ly, accurately, !lnd UIl­

nmbiguou~lyo 
The new General Hadio Tnt; 1:112 

Decade Oscillator provides for the fir!'t 
time a gellf'tfll-purposc oscillutor with II 
discrete repealable type of frequellcy 
selection, nt a price com l>arnble to thnt 
of olhf't gcnerfil-puf]>O~ sol id -state 
O&'illutors. The I:H2 embodies m!\ny of 
the ch:lftU'teristies of the popular T YI>t: 
1:310-AL, with additional fe:Hure:; of an 
80-dB :;tC'p at\{Ouualor 011 the out put 
und Il rack-width pac'knge with front 
aud rear output termilln\:;. 

The frequentoy range i ~ 10 li z to 1 
l\ lll z with :111 :H'("Ur!I("Y of ±I% of 
reading. Thc frequemoy is dctNminc{\ 
by four rotary control", whic·h pro\'ide 
nn in-linc t hrcc- or fOllr-digit readout 

I R. E. O .. ~n. 00 \ ~' "I\~.n. Wld~Hlln~ He 0..;1\_10':' 
C ... ., .... , Rpdl~ 1:~pnl_~lu. _\"11"'\ LIHl ..... 

January 1968 

with positioned decimal point alld fre· 
queBey unit :>. The dcdmal-point loca­
tion !ind units have bet'11 selected f<O 

that the frequency appear:; as it is 
normally written. Twenty kilohertz ap· 
pours as 20.0 k II z, Ilot 11:> 20000 li z, 
2.00 X 10 kHz. or 200 liz X 100. A 
sing!c c"ecplioll i~ that 1 megahertz 
a plX'ars as 1000. k 11 1., a frequell('Y indi­
cated by "onw o,,("i!l:ltors ti S flU!) k ll z. 

T he first two rno,;l-"igllificant digits 
and the units eontrul arc Illuiti-position 
rotary switchcs with a light hut po"iti\'e 
detent mecohani!<tn for (':I~y ,,('ni n.!!;. The 
thinl digit is:1 ('ontillllOlisly adjuslnblc 
I>otenliollleler with a detcnted zero 
I>osition. This allows til(' "i'leclioll of 100 
d iscrete, highly repealable frcqucncies 
within ('!wh til't"!lti (' nud t'oll\illllOliS 
to\'Cf:lgC' in IwtwN'.I. Hotary eon t rois 
wcre :;C'i('t'l('(\ O\'N push-buttous be­
cause of OIX'mtor prrof('r('IJ(°o in high­
mIl' t(,,,ting. Thi.~ ill-lim> rC':uJOlit of the 
rotnry switch i,; g('ucrally preferred 
over the c'olll mn nr r('aduut of the pu!'h­
button, jU,;L a:; it iii Oil clectronic 
t'ount('r!'. 

Tlw high rrpf':.l:lhility of this ty pe 
of frcquC'Il t'Y ,;{'1C'l·tiotl j" illu,;l rated by 
th(' two cxampl('s "huWI! ill Figure :t 
ThC':<e "how thC' frC'qu(,lIl'Y of a typiC'fll 
1:311 aftf'r warmup in a normal produc­
tion en\-ironnwnt. Thrcc frequencies, 
onc decad(' apart. were S('lec led. T he 
l)!l ml' I hrC'(' frcqll(,lIei('" 10 minutes later 
nre all within O.OO2C( of their original 
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the ~xperi ITl e nte r 

! j 

, . 'j 
~ c' -~-~-l-~c-~-~: 10 UII_~_~ , nH. , , • , , 
u 
> 

i 
, 

I I 
0.01% 

! , 
= 

, 
10011. +--1 

, 
--c+-
c=-f 

t 

OO "']~ 
• _ IOMIN 

I I 1---,-

Figu re 3 . Fnque ncy , e · 
sello bilily o f the 13 12. Dif. 
fen nce In fre q ue ncy 01 100 
Hl , 1 kH¥, a nd 10 kH ~ oft. r 
(0 ) 10 ",Inuln a nd (b) 40 

houn . 

• ,. , u ,,"IS, 

I b C--CC--C_-L_-L_-L~,,".O,_~_cC-1_-"_-L_~,,_,.~,. 

vulue. Even after -10 hour.s the chllnge is 
less limn 0.0 1%. T he effects of line­
voltage changes on thl" oulput fre­
quency arc also seen to be small 
(Figure 4) . 

Thc oscillator output is 20 volts 
opcn-circuit behind GOO ohms. T he 
voltage i:,; quite constant with changes 
in frequcllt·y (Figure ,j). Frequen c),-

• • • • u 

> 
u • u 

" • + 

T I M~ 

response meusu rements can be made 
qu ickly, since controls do not huve t.o 
be adjusted to kccp the out.put. con­
stant. T he d istortion in lhe oulput is 
low, I)articularly in the middle of the 
frequency I'llllge. and remai ns low re­
gardless of the size of the load or at­
lenuator setting. E\'en II short circuit 
at fu ll output will not. cause cli pping of 

+ 

,,,,. ... 
Fill ure 4 . Stabili ty 0' 1 0 ·~ H l output 'reque nc y with ± IO."oU lin e " oUoge chon,H. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



Figur . 5. The output- vol ' olle." • • ' , , _ 
quone)' charDc t. ri l lic s of a typlcClI 1312 

with 6DO_ohm laCld. 
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Fig"" 6 , Typ lnl oUlpu t dl l , .. ,lion 0 ' th , 131'2 wi th 6DO_ohm lood . 

the waveform. Xoi"c:11 frequencies f:l.r 
from tl I-k il l'. fUlLdamrlllai, measurcU 
in a hand width of .i li z to ,-,00 kll z, is 
lypir.:ally I('~.'i tha n 0.02%. Xoist, ('lose 
to the fund:lI11(,l1tai is al~o low, Hl'i a 
c- \Os£'·in spcc trum nnaly:!is of the I-k ll z 
fund:nll('lItai :-:hOW8 ( Figure i ). 

T he out put level of the o;:('illalor call 
he rcdu("cd to :WO ~\' opcn-eircuit by 
llH'am; of a sIrpl>f'd 80-d B attenuntor 
(20 dB ,,\('p ) and a eontillllQu;:\y ad­
ju>;t!l.hlr at tenuator with a raugc of 
more than 20 dB. The \'ontin uous con-

Fig..... 1 . N .. i.. ' pe<' . ... m 
01 .. . . , .. l _k H% ..... ,p .... . N .. " 

- I OO_dB r .. .. I ... , i .. n . 

Irol is lIot calibrated but is marked 
with Ihe :1.pproximate opcn-eircuit out­
pul \'oHab<e. The clo~ly ~pa('cd num­
bered graduations permit 4'ollvcnient 
return to a gi\·Cll attelluator :;CUing. 

Betwccn the 20-dB step position:> of 
the attenuator :In' so-ell lied "zero-volt­
outpUI" po."i tiomi. This fealure, tUSO 

available 011 ot her GJ{ o,,('illators, pro­
videoS a ('OIl \"Clliclil I rall"icnt-f fCC mea ns 
of red ueing the out put. to zero without 
d isturbillj!; (IJ(' l'ontin liOuS {"ontrol set­
ting or !ihorting or di!;connccti ng a 
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the[;JExperirnenter 

Fla ... . I. O .. lp .. 1 .. 11 ....... 1 ... h .. 1 In_ 
lerm,dl .. I . p .. l ili .. nl wh e .. "oll .. g. il 
.. d .. c.d I .. ~ .... wilh 6QoO· .. hm .... 1_ 

p .. 1 Imped .. nce m .. inl .. in.d. 

carefully shielded ~y~tem. Heg[lrdle~ 

of where the attcnuator is set, a zero­
output position is always adjacent. The 
output is not :;horteJ, but instelld the 
normal GOO-ohm output im]>cdance is 
maintained. This aids in I{)('atillg 
sources of extraneous signals :lIld 
ground loops that would be masked by 
the presence of ti1(' normal output or 
by shorting. A rear-panel female Bxe 
output is in ptuallel with the front­
panel binding posts. 

The 1312 has the cxtcrnul-sym'hro­
nizutioll feature 2 originally inlrooue('d 
011 the C('lIcral Hadio lille of He 0s­

cillators. This permits locking the 0s­

cillator frequency to an external signal's 
frequency, 11m.! it tllso provides a con­
stant O.8-volt output regardless of the 
attcnuntor setting. Connection is m!lde 
by way of a rellr-panel female axe 
connector. 

The 1:\12 has obvious applications 
in proouction or quality-eontrol testing. 
Repetitive mClIsuremenls aL a \'uriely of 
widely separated fr<'qllencies can hc 
madc vcry accura tely. The high repeat­
ability assure:,; uniform testing alld al­
lows pretulled filters and distortion 
m('tcrs to be u~d to speed the o]X'ra­
l ion . 

The t:li2 is nlso \"cry \·l\lunhle in 
applil-ntion~ in whit-h, contrary to thc 
abo\"c, frequcncy is ('h!lngcd VNy 814-
dom. In c'apaei t:UH'C-lllc!l8uring ~ys-

'O~n~.al lI ... ho ,~",,,,_o.! ,\-"'. IN. I(XI· ' I',,,"~jpl .. .nd 
Appl",atioo. of O.dilator SyDd,roni.,.tion:· 

18 

tems, for example, :llmost all measure­
ments life made at GO J I z, 120 If z, ] 
kHz, 100 kHz, or 1 i\ Jl lz. Once the 
frequency is set it is rarely changed, 
hilt it must orten he \·crifi('d t hat the 
frcqucl1ey is in fact the desired 0 11('. Thc 
unrunhiguous readout mak('s this ca.sy 
('\"('11 with low-skill OPCrIltors. A misad­
justl1l('nt is more apparent than on ron­
\'clltiou:\l contillUOW; dials, and the 
± I (!h a('('ur:lC'Y of tl1I"' n 12 is more 
com patible with systclll requiremenls 
than islhe 2% or :~% of dil\l oscillators. 
TIlt' compact \:112 takes up a minimulll 
of vl\l\l:1\)le l'yc-I('\'('1 -"pace ill a test 
raek . and the rcar- panel eonnediOI1S 
ICJlvC the front of the rack free of 
clutter. 

How It WOlks 

The 1312 Decade Oscillator uses t he 
rnodifi('d Wien eircuit shown in Figure 
10. This ('i rcllit oscilllltc:; (Le. , its lrans-

- " 2 • @ • 
!> 

~ ... , • . a , • 
• 

• l)l) , iii Iilil r2l;il 

• • .," ~ . ~ , . 
..... t · G t t· c · • , . t· • . 

!llH HUU + 
• • 

Fig .... 9. A I .. "" 3 '1:o.l neh , .. ck p .. n. 1 h. ight . . . .. . 
p .. n. l < .. nn ee li .. n. , and .. n .... y . lo., . a d h eq .. . ncy 
indl<al' .. n m .. k. lhe 1311 ideal fa. Iylleml. V • • ifi_ 
ca,l .. n or < .... eel ope'aling h eq"ency lak • • b .. 1 .. 

g' .. nc •• 
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fc r function, ~ , is rca l and at maximum) 
e, 

at :l frequcncy 

W. = 
C 

1 + O'g 
G 

The valucs of capacita nce Care 
switched in decade steps by mcallS nf 
the d imensional-units swi tch to obtain 
lhe five rangcs of Lhe oscilla tol'. T he 
conduct:mce r; comprises two conduc­
tancc decades that determine the two 
most. signifie.ant digits of the frequency. 
That is 

(I - 7] ( I. + M ), 
where r: is a norm nlizillg eondu ct:l.nce, 
L varies from 0 .1 to 1.0 in stcps of 0. 1, 

l ' , 
" , • • 

'0 

" ... " 
FIlIlI" 10. Th, Ie fr . qu . n . y_d. ' " mlnlnl 

n ..... o' .. un d In Ih , 1312. 

Robert E. Owen rc­
t"eived his Il .E.E. from 
Rensseluer I'olyte<:hnic 
I nstitute in 100 ] Rnd hill 
:\I.S.E.E. from Case In­
liilitute of T e<:hnology in 
1003. He came to CR 
Ill! a development engi­
neer in 1963 and has for 
thc pa.st few yellrs 0011-

('('lIlrnled on Be oscilla­
to r design!!. 

Co nd .\1 nlrl{'S from 0.00 to 0.10 III 

steps of 0.0 I . T hen 

(' r 
w. - C~ (I.. + .11) V I + an 

J. + M 

V[ an a'n' ] - C J. + .1 / + 2 - L + Ai · .. 
g 

wheren = 7].I£O' n « I then 

G[ a n] w·=c D+ M+ 2 . 

II is made equal to 
an 

0.02 so that 2 

varies eontinllou~l.r from 0.000 to 
0.000 .as a ,'aries from 0 to O.D. 

R E. OWES 

SPECIF]CATION S 

FREQUENCY 
Ronl" ]0 l iz to I ;\ 1I1z in I\ \'e decnde TnngCfl. 
Ace llro.y, ±1"', of lICuing. 
i lob lli ' y (typical at 1 ki ll): Warmup drift. 
O. I 'i. Aft(!r "nrmUI): O.OOI'~ short term ( 10 
mio), 0.005("" long term ( 12 h ). HCflCtt:lhl(' 
"ithm 0.005~~. 
Conl, .I , :-itep COll trol of t"" 11l000t lIiJ!;nificnnt 
di~it8, continuoUilI~' tuijmtablc lhin.! digit "itll 
detentcci zero position. In-linc readout" itll 
pOI!Iiti()Ued d~im:ll point rmd frequenc), IInil./l, 
Syn.h"nhol;on , Fre<luenC\' {'an be locked t.o 
uternai sigllal. iA)Ck r:Ulge ±~J ~, per \'011. rrn8 
Inllut up 10 10 \'. Fre<lurnC\' control!! fun ctiun 
lUi phnse adju!!tlllent. -

OUTPUT 

Vo ll.I" > 20 \' open circuit. 
'ow", > 160 mW into 000 n. 

.. n p . d ..... , (;a0 11. 1!OIal.ed from ehtlSllill by 
10 lIacro;;!! 0.1 J<F. 

AII , n ll o lion , (',ullmuomly adjustAble ntten­
\lawr wilh > 20-dl1 rllnge, nnd SO-d1J atel' at­
tcnuator "itll 20 dU pcr step. Intermediate 
IItt'pII redllN' UUtjllit to z('ro while maintaining 
(iOO-!! output imIJoCdll.llt'C. 

Dio lor 'ion , <0.25'" 50 Ih wOO klh with 
any linc,lr IU:'Id. O~cilJ8w r Ilill drive a ahort 
rireuit "ithuut ('lipping. 

Hum : <0.0 1', of lUlI'I: output uri J<\', which­
e\'('r ill ~rr;\kr 

Am plJlud . vo F" '1 ... n~,. : ±2' c, 10 III til ]00 
k]l~ witll >100-111"(1(1; ± I'" 100 kHz to 
I \11 11. ,dIll <tiOO_lIload. 

Synch"ni l allon , (:unst-ant-amlllitudc (O.S-V) 
lIigh-imllcdll.llcc (27 -kll) output to drive counwr 
or OI!IciliOilC01X'. 
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GENERAL RADIO COMPANY 
WE S T CONCORO, MASSACHUSETTS 01781 

SALES AND SERVICE 

A, .. 

Albuquerque 

'Boslon 

'Chicago 

Cleveland 

Brldgeporl 

' Dallas 

Daylon 

Denver 

DetrOit 

Houston 

Hunlsville 

IndianapoliS 

' Los Angeles 

Montreal 

New Haven 

'New York 

TtltphO ... 

505·255·0611 

617646·0550 

312992·0800 

216886·0150 

203378·2548 

214 ME7·2240 

5 13434·6979 

303 447·9225 

313261·1750 

713622·7007 

205883·2077 

317 636·3907 

213469·6201 

51 4 737·3673 

203378·2548 

(NY) 212 964·2722 

(NJ) 201943·3140 

Orlando 305425·4671 

Ottawa 613233·4237 

Philadelphia 215646·8030 

San Diego 714232·2727 

San Francisco 415948·8233 

Seattle 206 GL4·7545 

Syracuse 315 454·9323 

'Toronto 416247·2}71 

' Washington/ Baltimore 301946·1600 

' Repalf serv.ces lire "v""ab'e at these offices. 

GENERAL RADIO COM PANY (OV ERSI!AS) 
CH 8034 Zi.irlcll 34, S ... It~.rl . .. o 

GENERAL RADIO GMBH 
08 M \.i .. c" ... 80. W.at a.rm.ny 

GENERAL RADIO COMPANY (U.K.) L.IMITI!O 
Bourn. End Bucklng".m."' ... . Eng'anel 

REPREseNTATIVES IN PRINCIPAl. 
OVERSEAS COUNTRIES , , 
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IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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