
THE GENERAL RADIO 

Experimenter 

VOLUME 42 · NUMBER 1 / 0ANUARY 1968 

www.americanradiohistory.com

www.americanradiohistory.com


the l� IEx erime t r 
Volume 42 • No. 1 January 1968 

Publishe d  monthly by the Gener al Radio Company 
© 1968 - General Rodio Company, West Concord, Mau., USA 

CONTENTS 
Page 

R,andom-Noise Generators. • . • • • • • . . . . . • • • . • . • • • • • • • . . • • • • • . . • . • 3 
Wide-Ra.nge RC Oscillator w"th 

In-Line Digita I Frequency Readout. .. . • • • • . . . . . . . . . . . . . . . • • • • . . . . 1 4 
Standards of Large Capacitance.. • . . . . . . • • • • • • • • . . • • . . . . • . . . . . . . 20 
Thiessen R1etires . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . .  "" . . . . . . • .  * 2 3 

ABOUT THIS ISSUE 

Noise, in the electrical-eng.ineering context, has come a long way toward 
respectability since it was first defined as on "unwanted signal in an e ectronic 
communicat�on system." To a fast-growing body of engineers, noise is. regularly 
wanted and used as a test signal, and the random-noise genera or has an 
established role in many test programs. This month's feature article intro
duces two new, solid-state generators that deliver random noise in a variiety 
of forms used in audio and subaudio testing. 

How does your RC oscillator indicate 20.0 kHz? As 200 X 1 00 Hz? As 2.00 
X 1 0 kHz? As 20000 Hz? Even the best of us can be forgiven an occasional 

s ipped decima I point in converting convention ail oscillator readouts into 
practical terms. GR's new digital oscillator (pag,e 1 4) solves the problem with 
an in-line re,adout that includes decimal point and units. 

A one-percent, one-farad capacitor? The mind boggles, but there it is, 
on page 20. It seems anticlimactic to add that it is also a standard for six 
other values down to 1 µF, with accuracies to ±�%. 

On t h e  Cover: Osc i l l ograms s h o w  var i o u s  ty pes of Ga u ss i a n  n o i se produced by G R 's n e w  
rando m - n o i s e  g e n erato rs. F r o m  to p t o  botlorn: n o i s e  in t h e  t h r e e  ban d w i dt h s  (50, 5, a n d  
2 k H :r:) o f  l llil e  1381 a n d  t h e  wh1ite, pin k, and USASI n oise· o u tputs o f  t h e  1382. 

Th I<'n ral Radio E:i:,p >rimcnt r is maile l each month vith ut 
1.o engin er�. sei u i t� t c·hni i n 'UUC'at rs, and thcr: in1, 
in .h in�trunwnt and t '  ·hniqu � f lcetric•:tl and 1 
m •nt. · . .: ddre .: · 11 • rr ::-;p n<lencc to Edi l r, 1 n ra.l Radio 
menl •r1 knc ral Rudio C .1 \V . t 'oucord -:\la . .  · .  017 1. 
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RANDOM- ·01SE GE ERATORS 

The u e. o labora or Randon -noi g n ru.tor n 

·la: ·ifi l a rdina to he 'P trum f 

and in�trum nt , 1 e a  , il

from near de 

d in o nu�rowav . n h r 

will be limi ed o a di o- re u 11 y noise 

om- n rutor . 

mum ·a ion 

g neru or wa � a 

noi e di.' urbane . � O\ 
h wever, rando n i · ome into 

it O\\'Il, an in man appli aLi u.· i ha 

ornc he ·l 'i na1. It i · u ·cful in 

electrica l m · ur rn nt� b l'HU� 
ide frequency 

nd i di tributi n 

h ·hara teri · ic · of many n<. 

p enom na and b c, u i off r 

po.·.:ibility of u:-ing a .�in l mea ·ur -

m n a. an indi at r of perf rman · 
over "�ide frequ n band. In cou. -
tica.l mea�ur m nt and of random 

n 1 e ar u... mo h re. ·pon ·e 

rwi e b diffi ul 

of rando 

in fii ht, i j m 

vibration , nd fatigu 

space componen , a 

structures. 

a ro

an 

WHAT ARE THE IMPORTANT CHARAC

TERISTICS OF AUDIO-FREQUENCY RAN

DOM-NOISE GENE;RATORS? 

.Ju a i i de irable that i e wav 
have 1 \V h rmoni di or i n and that 

re tangub. r puls · have h rt ri and 

fie 11 im . , ther v ry definit ly • re de
.·ir·1ble h .. racteri ic f r I" n om n i · . 

How v r mea ·uring and pecifying 

hem requir ' h u e of dill r nt con-

e p han ho need d for ine-wn., · , 

pul e and other periodic \vavef rm . 

Random noi e i i nal \\rho e in

be pre

d ribed 

onl r in rm of c r .uin aver< g pr 

rti �, of whi h th mo t imp r ant 

he p ctrum an the a plitude 

ribuLion. For ac ur- y, 
of the-e pr p rti 

av ra,1T o er a long perio of time, 

a' there i alwa s01ne flu ua ion 
pre n n1 mea uremen f .. random 

f uncti n. F r inE'tanc , '·h n the spec-

rum of random noi e i m a ured with 

an analyzer, there i always some fiut-
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the :'®>IE perimenter 

f t l m r p ir t r. Th u ' r 
. ueh fluctu� ti 1 

a1 

The Spectrum 

Th p ctrum f a p ri di· ig1 , l i 
C'Omp - d of di ·<·r te li1 .- l" eh t.: 

ponding in th 

u n ·y sp e rum. 
ic ab] . no nu <lorn, b cau ·e of 

p ri di i of u ·h f i � com.pon nt -.. 

Th of r-111 , m n is n th 

frequ ncv, 
p n nl . 

i � £1 con i11 iow. fu11cti n of 

onlainin no line o 

Th fun i n 
p ctrum of ran 

lo crib lh 

1101 ·e i. p clra.l 

i nl n 'i l y . pr . d in u i "' f v 1 t 

quur' p i· unit fr u n ·y. (vVhen di-

n e b .,. th re ·i.:·tan which 

h.. app tr· b h 

power ·pe trurn. expr ;".· 

unit frequen y.) h 

i., th 

au 

'P 
ar 

(n 

function 

fil 

lS 
con-

in haping noi. · ru., 
ur l i n  t rm of v 1 ge 

q u ar r p \Y r) · 

u n · . '' e therefor 

A WORKING GLOSSARY OF NOISE TERMINOLOGY 

Ampli ud e Density Distribution; a func
tion g iving the fraction of time that the 
voltage dwells in a narrow rang e. 

Amplitud e  Distribution Function: a func
tion g iving the fraction of time that the 
instantaneous voltage lies below o given 
level. 

Gaussian or Normal Distributiori: a par
ticular amplitude distribution of great 
fundamental importance in the theory of 
probability-the Gaussian Probability 
Density Distribution "s the "bell-shape d  
curve." 

No�se· any unwanted sig nal, including 
noise, hum, crosstalk, etc. 

p;nk 01se: noise whose spectral in
tensity is inversely proportional to fre 
quency over a specified range, therefore 
dissipating in a constant resistance equa I 
power in any octave bandwidth in that 
range. 

Randoll' oise: a sig nal whose instan
tane ous amplitude is d etermined at 
random an d is therefore unpre dictable. 

Truly random noise contains no periodic: 
frequency components and has a con
tinuous spectrum. 

Spec ral Intensity: a function precisely 
d efining the spectrum and having the 
units of voltage squared per unit fre
quency. 

Spectrum: the d istribution of the com
ponents of a sig na I across the frequency 
range. 

Stationarity: a property that random 
noise is said to hove if i ts spectml in
tensity and amplitude distribution do not 
chang e with time. 

Voltage Spectrum: a function which is 
the square root of the Spectra I Intensity, 
having the units of voltag e in a unit 
frequency band. 

White Noise: noise whose spectral in
tensity is constant over a specified 
rang e, therefore dissipating i n  a constant 
resistance equal power in equal band
widths anywhere ,in that range. 
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u, , practically, the voltage sp ctru.m, 
\Yho. unit.· ar .·omc im , ' i1 1 ffan lv 

called 'volt.· p r r I ut whi<'h 

we pr fer to expr · i11 rm of ''volt-
ag i.n a ou -h rlz ha.n lwid h." :\u
mericnlly, i i.-· th squar root f Lh 

p c .rum I vel, u..· Jefi.i d ab \'e. 
FI'he rno!-:lt g '11 rally . ] sirabl, .·p 

trun'l for random 11 i · rn n hat i.· 
ov r a wide rn.ng; of fr qu n

ei '. l h noi · i called "whi n i.� 
by analog} v;·i b \'•:hit light whi< 'h c n
tain n1or or l ·· <tun I i11t n:ities of all 

vi ible ·olor�.* h r arc, f our.· 

oth r :p tra rnor 01 \'Cni n for ccr·

tu.in u c · ; , m of the will b rn-
·u <l later. 

In inea:uring h . p c ra of mo ern 

'ivide-rang 

ar to u � 

rung 
m ans U.'rng � ov nng 

di ff er 11 rang · 

kn ' ·ing th ·tiv 
ea h !-lO that data an 1 ac urat ly re

duced to he n q iivul n brwd

width. Th •hara ·t ri.·tic.· of th de 
tor in ach n.n .. lyz r mu ·t b known, 

too; p · k, a\" r•10- , and tru rm d tec
lor.· re p nd iff r nt ly to rando1n 

noi. and uppr pri· corr ction · mu:· 
b ap li cl. 

The Amplitude Distribution 

The reh.lion ·hip· be w n th root
m an- ·quare , th r · ifi d average, and 

th p ak \·alu f. ·in wa \' 1 pul. . a11d 

other \V 11- l fin d p ri di wa yeform 

ur gen rally ea. y to d t rmi11 , by 

math mati al calculation. rnowl dge 

of thP. e r lation hip,· i- n in the 
of vol m ter · of differ '11 t t p t5, 

*, li.houp;h, a� BennNt (Ref. J, p. 1-!) f)OinL 011t. Ll1P 
malogy has lw<'n drawn incorr c Ly. inc<' "Pf'C'tr RCopi. is 

were mf'asuriuu; in lC'n.!li Ly • a function of Wt>'·elf'nirth. and 
h·y fo11nrl ir LO be substan�ially constant- f)er unit Wl•Vt· 

lenoth, not per unit frequency. 

..Janu1ary 1960 

which 1nay m ·t:ure the r ctifi d av r
acr the pC'ak or h rm.· va l u of u. 
v ltag lrn whieh ar g nern. l ly cali
bral <l t in di ·a c th rm.· vaiu of a 
·in wav . Tod tC'n 'li11 th resp01 .· f 

�t voltn l r to rand m uoi. · it i.� 11 ·c.·

t5< ry lo kn w t he rdati ve oec·mT nee of 
variot18 �lmplitu<l .. in the 11oi  · Yol ag , 
gi\· 11 by Lhc runpliturfr d n"ity d£slrib1t
lion, p(l') or I y the amplitud distri/Ju
tion f11nclion P(11). T'hc.·c fun · iom; 

de,·cribe lh a m pl ilu<l <li ·t ri b u ti on ju 

rm.· of J l' babilit.y. Th \'t:tlue of 

p(r'o)rlv i · the prohabili y on a. a.le 
fron 0 to l, that at any iu. ant in time 
, he am pli t ud of he 11 oi ·e will lie 
b tw n 1..'" and Vo+ dv). P(v) i' th 

integral of p(v); P(r,,) giv ,' th proba
bil ity th at at any in· ant in in e the 

amplitude of h noi.' will li l elow 1,•0• 
Th uorm·1l, or 'uu:ssia.:n, u.mpli udc 

di:trihution i of fundamental impor-

an · in , tati:-;Lical th ory and de cribc 

ma1 y natural ph nom uu. he · nLral

limit LheorPm of .·tut.i · i .· :stat ..,, in 

e.-. ence, that the <li:tribution of th um 

of a nurn l r of in<lepcu<l nL rando1n 

variahl :s approad1e · tl e G�:lu · ·ian di,_ 

t.ribut.ion a. the' number of such \·aria
bl : iB i11cr asc<l, r gardlcBs of th <lis-

rit utions of the individual variables. 

By exten ·ion of Lhis r u ning r ducinCT 

th band width f a. non- au ian ran

dom :nois wil l gcneraJ J  r make it, more 
Gaus,·ian. Tn that ·eu , h au rnn 
di t.ribuLio11 is a. sb hl di,·tribution. 

lt i. th distribution of n rrna.lly occur

ring randon1 error in xperim nt.al 

m a.·urements. lt i::-< • 1 ·o the amp l itud 

di ri l u icm of natural le ·trical noi e 

( .g., ::-;ho noi-·c in an 1 • ron 'trcan'l 
u11d thermal nois • in a r �i tan e). The 

propC'rties of th Crau!:'sian di: ribution 

hav h en studie I int n iv ly and ar 

w 11 known. For all the ·e r a on·, the 

5 
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0.:5/<r �--�----.----�--�--�--�,---�---. 

1311·1 

F i g u r e  1. T h e  omp llt u d e  d ensity d i s tribution p(v) of Ga u s s i a n  ra n d om n oise'. 

:c us �um di tril u i n m t d sirable 

f r a eueral-purp random-n i ·e 
g n rator. 

The �au:::; ·ia1 proba l ili L ·cl n ily dis

tribution p(v) i,· hara· , riz d by th 
w ti kn wn hcll-.. :hap d <'Urve hown in 

Figure 1. It i · plotte l in term of CT, 
the rn1 an plitudc of the noi"' (the 

standard d \·in.lion in ,.tati.' i ·, 1 the

ory). he Uan.ssian probubili di , ri

bution functi n, P(z') i· pl t 

ur 2 nu a in in term.· of CT. It. an b 

2, f r xm1 ple hat 

a au. ·::;ian rand n l oi. exc l · i s 
po,·iti\'e root-m � n-,·qut r amplit d 
only about 16 ;, of th time and twi · 

hat value onlv abou :2, f h time. 

Th rm: n.mplit ud f a n i�' with 

a . i· n a1nphtude <li trihut.ion is <T; 
he rC'l'f.ifi d aT rt ge vu.lu l <T ('2 / rr). 

In .. m mmr rn �nt. f ;aus.·ian noi.· , 
a volt.met r that r spond . to th r C'-

ificd avera.g � nd tha 1 ·ulibra ed 
to indiea e th' rm, of a ·ine wa\'1 wi ll 
ind i n.i a " l ag<• tha. i:-; I ow h th 
fact r . Bl (-l. · dB).* In g<'n,raJ 

r' ·tified-aYcrao- -r I nding voltm t r-· 

* l\luch practical informat.i n concerning rand rn noi • i 
cont inl'ci in Refenmcl' la. 

".r recommended (\vith h abov 
b ing u · d) Yer tru -rms-

r m rs f r n1 a.'uri ng 1 oi e 

voltarr he r, - ponse 1m is u ually 
fa· c · and the tim on tan re .uircd 
f r a prrr icular cl �gr e of mo hin i 

. ligh 1 l l hough he r p n e of 

peak-re pon iug voltmet r� o random 

1101 i,  kno,vn2, cahbra i d pends 
upon a· r .. t knowledg f he on-

ants of th voltm t, r cir ·uitt; becau 
of thi,, p ak-r .. pondinrr voltm r are 

n r commend d for noi ·e m a ure

m nL , exc �P wh re he applici i n 
requ1r h ir ' ride fr qu n y range. 

Th amplitude distribution fun tion 

ean tnea ur d wi h c-omm r ially 
· vailabl ampli ude-di tri u i n ana-
1yz r . Th 'C g n rally om rise 1 vel-

ros incr d tc ·tor ir uit� crether \:vith 

m n. ·ure1n n 
amplitude density di. trib1dion requir 

Lwo 1 v 1- ro, :ing d t t r. arranrr d 
o d rmine the fru f m1c ha 

th vol ag li wi hin a v ry 'lnall 
rano-e (clv). lher le s ac ·urate me h-

d aL o u. eful in ass . iug h( 
di tribu ion of random noi� "· 
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1or in tan m 
f the u i. · cn.n 

.January 1 968 

nien . Higorou' 1ne hod. of ch kinO' 

for .·tati marity h<- v b l d \'"lop •d ·1• 

h:rour"h an optical w a It i · importa1 that raudorn noi.se 
loner im . po. ur to gi ,·e 
of th di tribution of a 1101� 

not b con an1iu::ited by hum relal d to 
h p w r-lin fr lll n y I r l/f n isc, 

whi ·h n1igh in ::u 1plifi r.·, or by 
o her li.· ur "n · Periodic . ignaJ.� 
. ul p . ·il 1 r b (' rrcl: d will 

uti i pon n s of o h r ignal� b i1 g u.· d 

pro<lu ·ing error ou.· r ·ult in · 11. it..i \'e 

Other Characteristics 
her de irable a ril u s f random 

1101 ·e are 
1. a ion, ri y; 
2. l• r lorn fr m · n am1na. u1cr �1cr

nal � uch a hum; and 

3. Tru rand mn, 

Th outpu f a randon1-n i.·· g n-
ra Lor i · �ail to b .·tationary* if it. 

nv rao- char:..1· :n:->.1c. n v ry with 
tim . Th 

au· 
th chara eri tic 

chang during th 
LOO 

0.75 

. 

noi e do not 

ur e f hi e.'p ri-

1nea urement.-. Th f p riodic 

pee
n a random-n i::;e 

1 n tor, :uch C'Ontamina.t.ion i-;h uld 
h k pt :.rn 1 w :v po. -.·i ble. 

.\n i mportan prop r y f ran m 

n i._ i . ..: t rue rm lomnc:-:;.·_ P. eucl -r 
dom noise, an1ilal l 

periodic·, rPpPating 
nnrl v r. Amono-
p, u -ran lorn-n )i.· r.. n ra or., t r � 

r la i\· 1 low erc!-'t fa · or (ratio of 

p :.tk to rm.· L1mplitu e and a ·iO"t iu
ea1 <lcpurtur fr m. au· ·i:. n ampli-

udc dii:'.I ributiOl . F01· 1 an r of th, 

re:. ...;on., l at I ad on lo s le· ran<lom 
n i. · a ·  a l :t .·icrnul iu h fir, phic 

h i.· r n rally hett r ff wi h n i.-. tha 

i trul random. 

Benn t. \\", F . .  R f. l. p 52. 

v-
/ 

I I 

I 
0.50 

0.25 

l 0 
-4c:r-

v 

� L/ 
-20- - CT 0 3cr 

I 1'-2 
fi,gure 2. The amplitvde distribution func ion P(v) of Gaunian random noise. 
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th 

TWO NEW NOISE GENERATORS 

l · nd 13 ""' l an-
• n rt t r. · (Vi c-rur . ) m-

body 1nany impr v 1 rt� re-

vi u ly av· ilabl in rum 

1. Th amplitude di tribu i ym-
m ric� l L n i, a · urn. ly n.n� ·1._ n 

to b y nd 4<T. 
2. The:-) g n ra. or 

d ·Lor 

C I 
an n ' warmup 

:3. Th meth uen lh < l d 
pr h l k n-
taminu i n with 1/f n 1 • .  

4. A 'arie y of �ped a i. av ilabl 

built in th in trurnC'nt"'. 
5. h u pu nnp 1 

hm'. 

'I h differen, churn. ri. tiC'.' f t., 
two uni s give h u 'e ·. a c nve111 n 
choi of n i gen rn 1 r for hi p ·ifi 
· ppli ati01. Th TYPE I: 1 hn. � thr . 

cliff r nt '·i h 

In it.ut 
pu . B 

and 
in a . undard of t he 

of .\m ri a , tan lnr L· 
) 5 and l ._ lan · d floatiI g ou -

h n i. hay c n-

lllU U 
ffil lh 
0 r r . r· 11. 

that r
r u d 

h rnax1-

mum of :3 volt· pen-

CHARACTERISTICS 0 F 
THE NEW NOISE GENERA TORS 

Th tw in trum. nt' u· ie 
me h 

a . mi
di e in a � and ·

from 0 to :...�. kHz. 

lJ1 hi,' b' 1 cl Wl 
b.,. < n automati 1 v 

·ir<'uit f r t h  t n: p ra-
tur c i le. '""1 h u pu 

fron1 noi · di d dyned 
down t he audio-frequ nc r h'111d i1 � 

, . ymmctriC'al n1odulat r thu 

m� ki1 er l • 1 plitu di.·tributi n. ·1 -
n1 triC'al. It he ·om . \' 1 a -

ura ely �au.·.·ian b au, .·ul -

. equ l urthcr l andwidth r 
hy filt rincr. 

It i. } ( ' minO' of incr a. ina-1 

i 1 p rt an C'<' > th u r f T'tn l t · 

t kn w it, t mplit ud 11.· t rihuti n t ,
ura lely and c n impor an f a tur of 
h . 11 .\\' noi. · gPnerator. i ·a . ·p ·ifi n

tion on ampli ud i. ri. u i n. Tl i 

figure 3. Types 138 1 (left) and 1382. Random-No"se Gerierators. 

-
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-0. 0021--��-t-��-=-�,�,��-t-�- -'�d>"':r-�-t���-,f-''- -�- -t���� 

Figu.-e 4. De·parh.1r•e from 
Gaussian ampllitude

density d istribulio n of 
output of 1381 and 1382 

random-1n·oi:se gener•a
tors. M·easurements 
were made on 10 dif
fer.ent unils wilh a .. win
dow" o'f 0.2u c entered 
af OT ±1, ±2, ±3, a n d  
±4 u. Broken line snows 

ll1m1its of spedfications 

o n  amplitud e di:stribu
ti·on of these '1!0is.e 

' ' 

-o.ooe����������������������������� - .. o -20 0 er 

pecifi ati n j gi n in t .rm of th 
amplitude d n i y di · ribu ion a· m as
ured v.rith "ind ow d , f fini wid h 
lll hi o . .... o-. rl h p 'ifi ·a ion is 

t.at d at , ±1 ± , ±3, and . . 1 CJ". 
Pea s of ff\ n hiah r l· ·els en 

in th outpu 1101. , bu· are 

u ua.lly f h 1 i1 por anc . rgy 
contribution du to p aks "1CT 
is ent..ir ly necrligible. The 1·e ·ul Jf 

e· , ur· m n f · h :impli ud 

di t:ribu ion of: numb r of he ru
m n . ar . ·hO\vn in Ficrur -l. l\I a. ur -
m. n w re mad in of 

0.2.a and he adh ·r nc ian 
di ributi n u n to b verv 
good. Th maximum •re t fa ·tor of h 
n01 i limit. d b lh 
ren wing c pn.bili y 
amplifi r 
in h � u p 

o-; r du in ou pu 

he maximum \ ill 
er ·.:in 

proba ili y 
be pr 

of o ·urr nc of 

peak· 
th 

p ak 

20 30 

- . 
a ove · o- i o 

01 to oc ur li 

tediun1 and hop 

g enerator.s . 

lirrh tha wai 
··omewhere 

les ·ne, . 

ing for 

ebv n 

l 3 8 RANDOM-NOISE GENERATOR 

The 13 1 i · intended a a nm e 

ourcc for drivin,rr vibra ion , st s 
t ms a1 d as a g n ral-pw·po e nois 

our e in th audio-fr qu ncy range. 

A bl ·k diagram of it 1 hown in 
Figur .5. 

The ou put p c ra of he 13 1 are 

'vh·t (flat± dB) over three 1·ange , 
fr rr 2 Ilz t 1 r 2.- kIIz. Th 
upp r utoff · ar rmin d y Bu -
t rworth fil rs ha it1g lop of -12 
dB p r o ta ve and upper cu off fr -

q e l ·ie of 2 and - kHz. 
iv ly. As th wid h i  r du 

ha th outpu 
for a h rano-e. The 

he pu s 

be m
at ±2, 

LOW=>---<..i !MODULATOR ,_____ PASS 

OSCILLATOR 

Cl.iPPERf----� OUTPUT 

FILTER· 

Fig ure S. Block diagram o f  
the 1'361 Random-Noise 

Gen er·ator .• 

9 
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10 

th [;]Ex er·me t r 

I 2 Hz I 
100 

I I -
I '\ 50 
I 5 Hz :c lo OUTPUT BANDWIDTH \\ 

Figure 6. Voltage spectra 

of the 1381 for the three dif
ferent output ba,,dwidths 
at 3 volts rms output lev I. 

� 20 
2 <t a:> 
N IQ 
a:: t.J x 5 
w z 0 
<t 
z 2 
UI 1-;5 1 
� 
...J 
:::! 0.5 

0.2 

0.1 
I Hz 

r ±.l <1'. ll(' h •lippi1 g hL ,•al-
I IT t h ' 1 w r 

h trum. lip-
'.' , .. ·her hi rh-p \\' r 

.n at I y 1 .. 

111 
r pr nu .t nar • r L • n 

mg. 

1 3.S2 RANDOM-NOISE 

Th 13 2 i.· iu · •11 
GENERATOR 

·p ifi ·._ ll. f r 
u, h 
br 1 r 
\. cliagran 
Figur • The 

r < l. ffcr::--
·p lrum: whit n 

t 11 l I 1101 

Figure 7. Block diagram of 
the 1382 Random-Noise 

Generator. 
WHIT , 

10 

fla 

PINK, OR>------
USllSI 

FILTER 

--
50•Hcr 

100 I• Hz 
FREOUENCY 

\ \ \ I ...... 

\ \ \ 
\ \ \ 

\\ 
\\ 
\' 

\ 
10 100 

from 2 Hz L 2r k Iz 

LOW-_:>-.j MOOUL.OTOR PA.SS 
FILT R 

OSCILLATOR 

n y 
u r 

l' k 

1)9.)..1 

• 
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x: b 1001--��----:;�==......-�+-���-l-���--i 
i 0 � 50����.J-��c-"..._���--� ��--t 
a:i 
N IC: 
w ::c I 
:z: 0 
<It 
� 
(I) 
� > :i -' 
'i 

5 

z 

05'--���--'-���_l_���--1-���--
IOHi 100 I l<Hi 10 100 

FREQUE CY 

f"g u r e  8. Voltage spectra of th 1382 for 
th e t hree· different o ut p ut sp eclra at 3 volh 

rms out p ut level .  

\JU-? 

whi 
n i 

llOl 

1 

APPLICATIONS 

.J.anuai-y 1'968 

e , nding appli tion of random noi e 
n w e. tend i o many ft 1 , for ea h 

f wl1i h ran m nm ha on1e uniq 

p opertie th . t h .. v l y n w m· l 
u e and· rd pr ced ur . vV c n 
the u es f noi e er neru 
broad categories: 

Simulation of Naturally Occurring Noise 
of Controlled Characteristics 

of kn n mpli.tud an kn wn 
ri. ti i he most effec-

te ing vnriou m th d f 
t tion a 

m .  

n 
on 

nc 

f 

As a Test Signal for Electrical Measurements 

is l n. · 1 any u.� n.� h t 

it If in I c1 rical rn ·vur m 
1 1 dati n-<li: 

th simu
.. raffic 

. ·t.' 

ll l.� C" .. L ll 
f h 111 -

u pu, with 
nl us <l f r 

llrlll (J' 

quipml�I t. 
n m tricn,l 

1 
of all 

· impo t p track ficr. . lh ad ban cl n i. an 

u 
appli :a i 

fin din 

en r or . Th 
ar 

demon rate, h \- " r1 tha. 

a l li d lo t w 

con1par 
v r- 111qu · 

lly 
th 

id nti ·ul 
n Icing 

rn ·l -

l 1 
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( 

1 2  

e n te r  

As a Test Signal i n  Acoustical and Psycho
a coust ica I Measurements 

B� n<l: of 01sc arc f n us d i n  

rnnJ· i n  fr '<JH 1 11..: ·-r p n n1 t s n r  -

m n ls n rn i erophou -- , l oud p .ak r , 
and roo m · t .·m oth t h  r ' i i n n  
curv<'.· f c  r a...:i r i n t  rprct� t ion . 7  • -Oi!-< 
l < n c. c·C' l len t . · t  · i gli < l f r m e a ,  · u r ,

men f re n�rr c rat.iou i 1  l 'I • n d  f r 
r verb ran tc�t i n g of a ·  u" t i <: a l  r p-

rti · of n at rials.  � ' i n  j J a r  ap1 I i  · � i n 

in lu 1 le . · t::;  of he ou n 1-tran · m i · · i  n 

prop rti .· )f wnl l,:,;,  pan e l � , a n d  fl oor.· 8 

und rn asur m ,n .· of ou ld att nua ion 

i n d u · t · .  �ois i · l ·o u ·  i 1  t t i n g of 
silcn · r.s for a1r-conil i  ion ing m.  
und . o u u d-proofi n O'  of aireruit .  I '.l p y-

h u.·ti < ' " 1 1 o i .  i u .  <l i n  rna iy 
heari n g  t e. L' and n1  ·king .·p rim n t  
and i n  te:;t. of i n t C' l l i gi b i l i t  f .· pc c h  
1 1  h pre.  n c  of n oi� . R a n  l oin n i.  

i also u: cl i tudie of l c a1 pl i ·a i 1 
of · or elation t · h u i  iu t a.c·mi.· t i · 
r · i virw y t m .· . 1 o 

As a Dr iving Signal for Vibration Testing 

Rnnd m noise i .  u. cl to c l ri ,- ha.k r · 

for ri l rnt i on te · t · of com p01wat · a ·-
, n1 f) l i  a11 d ,"t r1t e t u re-, 1 1  t1 11 (  i �" i cn i -

larly app l i  d o l ud�p ak r f r : u  -

j e  t i n•r  the Ha n t . o �  je  · ls  t h i  h

i n tensit  T :ouud \V t y . I t  i s  t bo ui,;. d 
for f a t igue t . · t i u <r of ru · t u r  ' L t b
j c t Nl to ·ound r v i b ra ti on . 1 5 
In Demonstrations of Statistical Theo y 
and Information Theory 

T n he da.':sroon , rand n1- n oi � g n
cr .. L or are n a t ura ll nl l c  cl upon t o  
fam i l i n ri z  · t u  n t .· w i th pr pC'rt ie·· of 

rnnclom n >i:e , i n clud ing ' 1  p l i  1d d i :
t r ibuti  n . 1 2 I t h  l u bora n orne 
i :  i� ful  i 1 1  · . ·pe ri n1 1 t. 
cl  t d.i o n  and �igat 1-pr 

, in · l ud i r  g c rr l at. i on · t i  

n1s. 

.I ames J .  Paran,  J r. re-
ive<l h i · AB degre 

from \\-a h i ngt n an 
.Teffe1 ' O fl  College i n  HJc1 ;3 
an hi!· I A  and P hD 
aL Han•;•rd niv r· it  
i n  1. -i7 un l .  ::; 1 ,  r . pe -
t iv l ' · Bcf re j oining 
( ;en ·rnl Ra<li in l n;,2,  
Dr. Fnra n  ' a ·  a H -
� arch Fellow at Har
vard n iver. · i t y, working 

on t he appl i ·al i m of corr lat  ion te hniCJll 
to Cf u�tic r ceivi n g  sy�tem ' .  A a elev lop-
meut engi neer in G H.' udio ' roup, he ha 
worked n a v, l'i t y  of ]11.' t ru m  n t  , i n cl ud
ing recorder•, vol m ter ·, and anal ze1-- . 

SUMMARY 

... he div rsi y of u � for random 

u ts I d u · to off r 
exp 11.:-;1 v g n r(. tor 
in � l ucl ,.· Lho · feat ure m o  
i n  a ·crt uiu ft mily of appli.  aLi on . To 
' n n • n z t. h ·Ir tr a · f a h 
i n:t ru en , fr  
poi n t : 

'I h  1 3  1 g rate l 01 . t h at i fl t 
dmvn :.. H z  and i -· p i a l ly w l L  

u i  l d f r random-vii  1at ion t .-. s and 
f o r  g n ral-pu rpo._ u.: i n  th aud i o  
a a c l  :-:ubuud i o  ra.ng . "'['h u pper f r  -

qu nc"y l i  i e • t u  b sw i t  hed to 2 5 or 
.)0 k H z ' u d  f h u t p u  · i gn al ·� n b 

c l i  p . y n  m ' t r i  :al ly a .  2 :� , 4 o r  5 
t i m  s t h  rm." a m p l i t  ide . � m pl i t u d e  

l 
2 rr n n t · n i �e i n  t h e -..0-Hz 

to 20-k Hz band and i.- iu a l  for l 

OU pu u n-
.. l a n  , floati n  :r or ·our 

Bot h i nstrum �nt� ar hou · cl i 1  . hi

n E' t .� on ly 3 )1 i n .  hi(J'h and ,Y2 i n .  wide 

\ ·i l h  r k-m u n t i n g  op i on 
.J . .J . 1 A RA - Jr.  
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v 

W a vefo rm : 

Out p u t  Vo l t a g e :  > 3 
for nj baud wid h. 

J a n u a. r y  1 9,5 9  

B I B L I O G R A P H Y  
larly tho refere c l i  
( I  "7 1 ), L 57 (p 573 ), and 

1 3  

S P E C I F I C A I O N S  

A m.plil ud D n'8itU 
i ·t ribution 

r r n  max, p n- ir uit, 

Ou fp,ut Im peda n c e :  

l.> : 10rt I wi  h u 

ful l  nu t.pu 

A c c e$ S o r ies S u p p l i ed : Pow r 
rac -n10u nling ardwur w h  
P o w e r  R e q u i red : 1 1 2 -
- 0  t l I I?. ' w·. 
M o u n·t i n g : n h • \ Ji 

an 

D i m e n s i o n s  (w i  l t h  x h igh x d pth ) :  B n h ,  
I 2 .' : 7 x � ) 7  h i n .  (220 x 9. x 2.5 n m ; rack,  

1 x : 1 2 x < in .  ( -1- - x . · 2 :� · m m  ) . 
W e i g1h t .:  !N e t ,  ,- 1 2 lb (2 .  r: kg ) ;  s h i p p i ng, 1 0  lb 
( ·L6 kg ). 

T Y P E  1 3 8 2  

Spect r u m : hoi rP o f  a )  whit 
c •n rgy p r h rtz ha.ndwidlh ) 
20 k H z ,  w i t h :�- point  a approx 
.- o I· H z ;  ( b )  pi n k  noise ( con. tan 
oc av b:md\\ i l h )  ± 1  B 20 Hz 

) C.'. . ' I n i , a p c i fi d i n  � '  

' l A-1  li l .  ( ' F i gu r  . )  

l 3 

www.americanradiohistory.com

www.americanradiohistory.com


1 4  

t h e  xperi menter 

S P E  1C I F I C  A T I  0 N S  ( c o nHn ued) 

Waveform : ...:arne IIB 138 1 ,  except clipping i not Term i n a l s :  utpu at fr nt--pane] binding posts 
provided. and rear-panel jacks for double plugs. 
O u tput Vo l ta ge : ame for 1 3  l ;  ee above. 

O u tput lm ped ci nc e :  600 ohms. Output ia fl at-
ing, can b connected b lanced or unbalance . 

A m p l i tu d e  Co 1n tro l : ame as for 1 3  l ;  see above. 

Acces·sories S u p p l i ed :  } 
Po wer Require d :  
M o 1u n ti n g : 
D im e n s i o 1n s : 
Weig h t :  

Catalog rum.her Description 

am 
above. 

for 1 .  

Price i n  US 

1 ;  see 

R a n dom - N'ohe G e n erator 
1 38 1 -9700 
1 38 1 -970 1 

1 38 2-9700 
1 38 2 -970 1 

2 Hz to 20 kHz, Bench Mod e l  
2 Hz t o  20 kHz, R a ck Model 
20 Hz to 20 kHz, Bench Mode.I 

20 Hz to 20 kHz, Ra ck Model 

$375 .00 
398.00 
375.00 
39 8 . 0 0  

WIDE-RANGE RC 

D GITAL 

OSCI LLATOR W I TH I N-L � N E  

FREQUENCY READOUT 

Central to the popularity of he g n-

ral-purpo e R o cilia o, i i s con

tin u ously a j u  able freq uency dial . I 
fa.ct, the o c illator id not become 

popular until vn.riabl i r  apa ·1  or, 

were u ·ed o pro i de con tin uous u -

J U  men over 1 0  : 1  frequency b n d  . 

Thi rn thod of frcqu n cy el ction 
with dial al vern i r, provide 11. c on
venient comprom i b we n e' of 
r a ing ta ility , re olu i n ,  and 
abih y to sw p .  I '  will n on
tinue to b m os popu lar for ·enera.l 

laboratory use . 
A r uirement for greater a· · c u ra y 

and re olu ion and for di ital  progr m
ma.bi li  y h ve h ad h ir effe t n nal 
sourc s, noncontinuou or di r te fre-

quency con rol have repla ed the con
tinuou ly variable air capu c i or. Thi 

r n d  i mo t 'Lppar n in sou r ' u ing 
n he j z  · t hniqu 1 wh re .... even or 

eio-h d · git of re ·olution ar common , 
and al in R o cillat r here p h

ro nry wit h are u ed o 

on rol or fou r d igit t h  
u e of d i  r t p .allow r 
i.ng of the t uning 1 m n L  hi typ 
tunin<r m o. f n .. ppe" r · on l · gh-
perf orm an · , hi rrh- •o in rume:nt 
where the obj e i to i m prov per

f rman chara teri tic of tho ourc , 

su h tn.bili of ou put, di or ion 
n d  noi e .  I n  almo. all case the actual 

method of fr q1 ele · i n 
ort .d to a iro.bl n 

F i g ure 1 .  T h e  T y p e  1312 D1ec a d e  O s c i l l ator. 
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figure 2. In- l i n e  readout of 
frequency w ith pos.ili o n e d  
d e c i m a l  p o i n t  a n d  u n its . 
Least si g n ificant digit ls 
c o ntinuo usly variable with 

a d dent o r  %e,-o. 

tion car 
right.  I . 

h 

j u '  al 

fr qu 

and a 
< n d  r ar 

Tl , f 
I H z  

wa made to u i l iz  
t o  provide r 

a i ly c 1 tr l .  Th 

r again 

f h 
rhap h \ ror 

c on mu u ·ly n -

U y 1 r diI g th 
l , an lU -

T Y P I<, 1 .  L 
i f r t h  fi r� 

.' · i l la t or w i t h  a 

ulrnr T Y P  ' 

at ures f a n  

t h  i t  p u t  
fron t 

I Iz t l 
± 1 Y£ of 

ar rovid 
t h r  - or f u r-d i O"i r ad u 

t R .  E. Ow•'n, " ,  l\fode,-n. \Yi e-Ranizr RC .ill ator," 
Ge11 ml Radio E:rperiml!nt r, \ uJl:lh t t .  G.5. 

.J a n u a ry 1 96 0  

Pi h po i li n d deei ma.l poi n t and fre-
1u ney u n it . �I h d .ci mal-p it  t 

t i  n n n i t �  h v b 1 · 

h <  t h  

(' V<'rag<' i n  bPtWPP ll . 

c l i o n  < f 1 0 
fr 1 u  n ·· 

•• ]! .c d v r u ·h-l u 
·aur:- of op ·a t Jr pr f rene m 

rat <' t c.·t i n g .  T h i .  i n- l i 1 1 C' read u 
r t .  ry ,, wit h i :s  ge n ra l l y  pr rr d 
over t h  c ol unurnr r a d o u t  of Lh pu h-
1 ul t n j u�t. il ' it i: n 1 ·t r n i  

c u n t  r.' . 
The h i  h r('pPatahi l i ty of t h i s  type 

of fr quency �elect i o n  i . ·  i i l ustra l d y 
t h t w  . · :.  m 1 ' .·h o w n  i r  Figur 3 .  
T h('. c .'h ow th fr0q 1 i c •rn·y c f  a t y pical 

l. 1 2  • ft er w a r m n p  in . n or m al pro I u  -
on n ' i r  n m  n t .  T h r  fr que1 c i  

o n  decade apart  were �el · he 
:a u1C' t h r  e fr q uC'nci  ,' 10 i n u t,e·· lat. r 

a e a ll wit hin 0 . 0  2 / of t h  i r  ori i n a l  

1 5  
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1 6  

[I 
t h  �E peri menter 

Fi g u re 3 .  Freq u e n c y  re
seHa b i l ity of the 31 2 .  D i fa 
feren c e  i n  fre q u e n c y  at 1 00 
H %, 1 k H z:, ·a n d  1 0  k H x  after 
(a) 10 min utes and (b) 40 

h·ours.  

w =========================--l_O_H_:i:��-=-�-=--=--=-�-=--=----'-r------�-t-f'-- 10 kH __, 
� I H 2  I i< H i;  f � --�-�-=============----:-----�=-----

_
-

_
_ 

>- IOO H z ---
u Z---,,.-----t---.----T--�--+--�<--�-\--'----'--------' w 
:::> � ---�-=---lc-=f::----lt:--:----:r.---t=�� 
� -----+---'---4------+----� 

a 

f 
� It----------
<( >---------------------+-:r u 
>-0 

-------+--
z ----�..__ ____ _,__ 
w 

1312·13. 

0.01 % :::> 0---"------.-------'---+----tt"--"------+--+---:---::---::::-----:::----: w Q'. 
� --------'---!--

b T I M E  1312·•� 

valu . Ev n af er 0 h our he han g  i. 

le s han . 0 1  c; . Th eff e t · f l i l  -
Yoltag hange · on l h  ou pu fr -

m a ·ure m  n , ·an be made 

c on rol do no hav to 
k p th OU . u t  

are al o u o b ·mall 

I :_Q Y l � 

op n-ci r ui t 00 ohm�. Th 
Yol ag i-· iuit on l L  nt w i t h  hange 

in f;r q u  nc ( • i  ur - ) . Fr 1u n ·  ·-

[-+ 1 � 
w ! (!) 
z 0.01 "/o <( 
::i::: (,) 1 1 :5  v r >-
<.> z 
w => 
0 w 
Q'. u. 

orti 01 in  th outpu is 
1 ". particularl .. in  he middl f the 

fr uen y rano- , and Temain 
g'- rd l s · f .·1z of .h l ._, r a -
t e n ua or ._ in g. E v  n . 
a full utput wil l n au 

1 1 5 V "'====-= 105 "'. ,.. 

l 
i 

t t 

hor · ir · u i  
l i ppin g f 

1 
1 1 5 V  

I 

Fig ure 4 .  Sta bility of 1 0- k H :z: 0 1ufput  fr eq,u e n c y  with ± 1 0 - vo t l i n e  vo lta ge c h a n g e s .  
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F i g u r e  5. T h e  o u t p u t - v o l ta g e - v s - fr e 
q u e n c y  c h a r a cter i s t i c s  o f  a t y pi c a l  1 3 1 2  

w i t h  600- o h m  l o a d .  

50  

2 0  

� I 0 
z 
0 
� 0.5 a:: 
0 ... 
<n I'--

J a nuary 1968 

... 
i( t-

a �  o �======F======1���..J==-�--=t�=====I 
> �  
� ci 0: - I 011,..0_H_z ---I00�----,-1 J...,kHz-,-----�.o=-------;:IOO;!;,.----;-,-:!MHz 

F R EOUE CY 1)1�1 

' 

' 

/ 

/ 0 0 2  
� -------0 1  

O Hz 100 nHz IO 100 I M  H z  
FR EOUE CY 1312 , 

F i g u r e  6. T y p i c a l  o ut p u t  d i s t o r ti o n o f  t h e  1 3 1 2  w i t h  600- o h m  l o a d .  

t h  "�< v f rn1 . 
fr i a 1 - l· T T z  

i 1  � h� n i w i  t h  

t y p i  ' t  l ly 1 .... t h� n 
o t h  f ndan1cn t a  1 

h 

n1or 

F i g ur e  7. N o i s e  s p e ctr u m  
c l o s e  t o  1 - k H  % o u t p u t .  N ot e  

- 1 00 - d B  r es o l uti o n .  

' � .  

tl-. n. 

r 1 i ·  n o  c a l i b r, t d l u  

w i i h t h  < ppr 
p u t  ,. lt,  g . 
b n'<l 
r u rn 

B t w  
t h  

n 

v murk 
Ul U -

d n un-

p r o-
\'l ;- a ·on v nicu t ra n .· i  n t-fr 

· d uc i n a  t he u p u t  t 
·on t i n u  u · 

r , h rti n r d i ::;. · n n  c t i l l lT  a 

FREQU ENCY 1312-14 

1 7  
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the[;]E perim n te r  

F i g ure 8 .  O u t p u t  atte n ua t o r  h a s  i n 
ter m e d i ate p· o s " t i o n s w h ere v o lt a g e  i s  
r e d u c·ed to :ii: e r o  w it h  600 - o h m  o ut-

p ut i m p ed a 11 <: e  m ai nt ai ned . 

arcfu lly . hicld d . y.' tc m .  RcO'n.rdl 
of wh r h L tt n uator i et z ro-

ou put po i io1 · ,  ahvay adj ac nt. Th 
out pu is no shor d bu i u· · t d the 

n orm · l GOO-ohm ou u i m pedance is 

maintained . l is a i d  i n  loca i n g  

our ·e. of e. · raneo u ;  ' ignal a n  

O'roun d  loop t ha , would be nu1 ked b 

th pr n c  of t h  n ormal ut  u r 

by . horting. A reur-pan l femnl n_i-
u t pu t  is i n  parallel with he f 011 -

panel 1 indi  g p 
Th 1 :3 1 2  l a. ·  the xt rn al - '"n chro

n i zati n f ature 2 m·io-inally in t roduc d 

on th G n ral H.adi lin · f R o -

i l l nt ors . T h i s  p rmits lockin g  · he ·
illato:r fr q uen to an e. e · 1al ignal s 

frequen cy, H n4 it al · p ovid . · on -

tan · . -vol ou t pu t h  

a t n u ·  tor . e t  in O' .  on n 

by ,v ... y of a. r ar-pan 1 

connec or. 
The 1 3 1 2  ha. appli a i ons 

m d ver ac 

abil i t) a sur 

l o\\', pretun 

n :rol 

n1 t r b u::s d t o  p d 

I Il .  

at-
1-

ra-

The :3 1 2  1. abo v ry val uahl  in 
o ppli  at.ion.  m whi · h ,  contrary to h 
aboY � fr. qu n i .  e hang· d Y ry . c�
d mn .  I n  c :apaei tan e-m<'' I  u r i 1 w  · y  ·-

' Gt'neral Radio Tn. trumenl i\"ole l; - 1 08 " Princi ] l lr. and 
pplicalions of 13cillator 'fi Ii roni za.tion . "  

1 8 

t m , for xamp l al m o  all  mea u re
m nt arc mad a 6 T iz,  1 20 z, l 
kII z, 1 00 kH z  or 1 I H z .  ' n ·c , he 

fr quen · i �  ·et i rar ly c h .  n g  d ,  
hut i t  m u s  oft. n h , v 'ri fi d h a.  t h  
fr q u  n · r i .  i n  f a  t t h  d . ' i r d on . 'I' h e  
unarnbicruou � r ad >u ma ke.· · hi a y 

ven w i  h l w- k i l l  p rat or . mi. � d-

j u. m n . i .  1n ore app tren t han on c n 
v n iona.l ·on tinuou · dial , a n d  t h  
± 1 (.7( a ·cu raC'y of t h  l:.� 1 2  i .  more 

·· omp< t i ble ,1,ri h -· . t m r qu i r m nt · 

t.ha1 i th :..., or :� f d ial ci l la r . 

Th , compa · t  1 :3 2 ak, · u a m in i m um 
of vn l u n h l  -1 v 1 . pa in a t st 
ra ·k,  and t.l l · on ne l i on · 

1 av t h  ra k f r  f 

c l u  t r. 

How It Wor ks 

Th cad -. i l l  t o r  u. � h 
Wien ·i ·cuit  � h  ·Wll i1 Figure 

1 . 'I hi · · ir  · 1. i  ·, , C" i l lut , (i .  . i tran "-

-

,_ ® 
• 

C •  (!, .  Gl Ill • • tt •  

• 

• 

• 

F i g u r e  9 .  A l o w  3 '/'2: -i n c h  r a c k  p· a n el '1 e i ·g1 h·1 .  r e a r  
p a n e l  c·o n n. e cf'i. o n s, a n d  a n  e a s y - t o - r e a d  fr e q u e n c y  
i n d i c a t i o n,  m a k e  t h e·  1 3 1 2  i d e a l  f o r  s y s t e m s .  Ver i fi 
c at i o n  o f  c o n e ct o p e r ati n g  fr·e q u e n c y  ta k e s  bul· a 

•91 l a n c e .  

.. 
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.. 

er func i on ,  ....!! i real and at maximum) 
i 

at a frequency 

Wo 
G 

c 

The valu f ar 
swi t hed i 1  mean 0£ 

h dim n ional-uni t o  

h e  five ran o- , o f  th h 

condu · l  u ,,� onduc-

ancc d ud rmi he ' o 

mo t ignificnn digit of the f equ ncy .  
hat i 

r = G (L + 111) 
·here r 1 a normali zing 

L varies from 0 . 1 to 1 . 0 in 

1· c 

C G 

u 
tep� 

13 ).17 

F i g. u re 1 0 .  T h e  RC fre q u e n c y - d eterm i n i n g  
n etwork u s e d  i n  t h e  1 3 1 2 .  

J a n u a ry 1 9 68 

·• n JI van fr n1 to . 0 l il 
teps of 0 . 0 1 . Then 

u 
Wo = - (L + }lf ) ll 

1 + ---
L + �I a [  an 

=

- L + .11'1 + 2 L �n� . . J 
where n - � . If  a n « 1 then [ . .  a n] 

Wo = 
C 

L + �f + -:: . . 

lS made equal to 0.02 0 that 
an 

2 
vane conti n u ou l . 000 to 
0.0 9 n · a \'U .r1 from 

R . J•' .  V.'E X  

S P E C I F 1 C A T I O  S 

F RE Q U EN CY 

R a n g e :  10  Ilz 

O UJ P U T  

1 2'IHz in fi v  lecad a 1 1  

\Yarn up dril l ,  

Vo l t a g e :  > 20 V l e n  cir 
Power:  > Hi 0 m ,,� i n 

I m ped a nc e : iOO D . Isolated from chassis by 
10  n acr 0 . 1  µF. 
A t te n u a t i o n :  �ont inuously adj us· bl n.tten
uator wit.h > 20-d B ra,ng , :ind 0 -<l B  tep u t-

nuatur " ith 20 d R  per tep . Int  rm diat 
s eps reduce outpu z ro whil m aintaining 
"00-H utput i mpeclanc . 

D i s t o r t i o n :  <0 .25c ( ,  5 T T z to - o  kHz with 
any lin •ar lo d. Oscil lat  r \\·ill  drive a. ho r 
circui wi  thou clipping. 

H u m : < 0.0 1 ,( of m n x  output or -l µ , which
c v  r is �rcn.tC'r.  
A m p l i t u d e  v s  F re q u e n c y : ±2( ' , 1 0  H z  to l 
k ! Iz  \\ i h > i 0-n load ; ± 1 <,.� , L O O  kHz o 
1 \ r I I z  " i t h  < G  0-B load. 
S y n c h ro n i z: a t i o n :  'on u.n ampl i ud (0 .  -V ) 
high-im ped · n e (27-kU ) output o driv c unt r 
or o cillo�cope. 

1 9  
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G E  E R A  R A D I O  C O  P A  V 
W E S T  CO N C O R D ,  M A S S AC H U S E T T S  0 1 781 

SALES A D S ERVI CE 

Ar·ea Telephone 
A l b u q u e rq ue 50 5-2 55-06 1 

* Boston 6 1 7  646- 0 5 50 

*C h i cago 3 1 2  992 -0800 

Cleve 11 a n d  2 1 6  886-0 1 5 0 

B r i d ge port 203 3 7 8 - 2 5 48 

*Da l l a s  2 1 4  M E7 - 2 240 

Dayto n 5 1 3  4 34-69 7 9  

De nver 303 4 4 7 - 9 2 2 5  

Detroit 3 1 3  2 6 1 - 1 7 50 

H o u ston 7 1 3 6 2 2 - 7 0 0 7  

H u n tsvi l l e  2 0 5  883- 20 7 7  

ll n d i a n a po l 1 s 3 1 7  6 3 6 - 3 9 0 7  

*Los A n geles 2 1 3  469 - 6 2 0 1 

M o ntre a l  5 1 4  7 3 7- 3 6 7 3  

N e w  H av e n  203 3 78-2 548 

* N ew York ( N Y) 2 1 2  964- 2 7 2 2  

( N J )  20 1 943-3 1 40 

Orla n d o  305 4 2 5 -46 7 1 

Ottawa 6 1 3  233-42 3 7  

P h i l a d e l p h i a  2 1 5  646-8030 

Sa n Diego 7 1 4  2 3 2 - 2 7 2 7  

S a n  Fra n ci sco 4 1 5  948-8233 

Seatt l e  2 0 6  G L 4 -7 5 4 5  

S y r a c u s e  3 1 5  4 5 4-9 3 2 3  

*To r o n t o  4 1 6  247-2 1 7 1  

*Wa s h i n g  o n / B a lti m o re 3 0 1 946- 1 600 

• R e p a i r  services are a va i l a b l e  at t hese offices.  

G E N E R A L  RA D I O  C O M PA N Y  ( O V E IR S E AS) 

C H  0 0 3 4  Z i.i rl c h  34, S w lt;i: e r l a n d  

G E N E R A L  R A D I O  G M IB H 
D B  M U n c h e n  S O ,  W e st G e r m a n y  

G E N E RA L  R A D I O  C O M PA N Y  ( U . K . )  L I M I T E D  

B o u rn e  E n d  B u c k l n g h a m sh l 1re ,  E n •g ll a n d  

R E P R E S E N TATI V E S  l lN P R I N C I PA L  

O V IE RS E AS C O U N T R I E S  
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