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AN ANALOG FREQUENCY METER FOR 
MODERN MEASUREMENTS 

The di rect-rending frequeucy mcl{'l' 
that di!'lpln~'s its I'CSPO Il i'(' on 1\ d if'("(' l, 
(h·fk'('tion instrument hlls IX'CII ~jd('· 

Imekcd of late in favor of the more lIC­

l'urate (and 11101'0 expcn:;i\'c) d il(it ni 
(-ountcr. Previom.ly lIn.il:lhlc frcqut'llt'." 
mdcnI have had. by toda,Y's :-;tand:lrci$, 
:t mtller low accuracy. a few l>crt'cnl at 
hl:,.,t, lInd:l !:;(nUC\\'h3t iimitl>(1 frl'<lu{,I1{,Y 

r..il1j(C. The conn!nicm'c lIlId reliahility 
of the ullalop; fre<luc!l('Y meter, hO\\l'\,('r, 
mnkc it pilrticubrly lltt r:J('tin~ for mnn~' 

t," I>C8 of mcnsurcments. HctoJ.!;uizin)::; 
this, Gellcmi Rnd io C'olll pan," h:1S de­
Y(I]Ol>Ccl a nell frequellt'.\' IIlctN, II'hid l 
not onl,\, steps up Ihe aeellrae:" by 11 

fat·tor of 10 (lnd greatly inen'lI)o.(':o till' 
r.HlI{C of frc<IU(,II('." I hat call he mca>-IIre<L 

"Ill :,1:;0 double:s as a hi~hl,\' linear cii.!'-­
('riminator for fm m{':U;UI'Cmcllts, 

The new '1')'1'.: 11-\2-A FretjllC'IU')' 
:'o.lctl'r nnd Di8(.'riminutor i~ oa"if'nll,\' n 

nling on the print'iple of 0. pulso-count 
d iscriminat.or,l I ll! design rcaturc~, cueh 
tailored to IllCt't definite de:iigll objet:­
ti\'c5, combine to proouce an instrument 
of outstand ing pcrformnncc. 

The Tn.: 1142-A Frequency )' Ieler 
and Discrimimltor will dirc<!tly measure 
frequencies bctw('(!n 3 cps and 1.5 ;\'Ic, 
The nominal :u::cumcy is 0,2% of full 
scale for nil but the extremes of its fre­
quencyeovemge. Input scugjtivit:,>', lik(, 
frequency covcn\ge and accur'.!c)" ha .... 
ix"Cn improved by at least nil order of 
magn itude over pre\'iolls frt.'qucncy Illf'­

tcrs, Input :<ignf\b of 3D-millivolt peak 
amplitude arc adequate over most of the 
frequency range, aud the sen.;;il;"ity iJi 
independent. of input waveform. 

COIIIl(',(·tion of :\11 extcnllli ac \'olt­
meter pcrmit s Illca:-urcments of fm dt'­
\'ia t ioll j \\'ith a wan' lllllll,\'zeJ', individual 
('ompOIlCllt.;;; of im,jdcntal fill in oscillll-

fn'fluency-! o-dc-<:urrcnt \'on \'f' I'Wr, oper- -l'.", 1 '~M't Xu, ~,36U'I),'I. 

f lg",e I. ' o ne l VIew ollhe Tvpe 1141 . '\ 'r" ,uenc v M, ' " and Di H rimlnoto r. The In l lr ume nl.h hou .. d 
In 0 roc._be nch cabln . t (l ee " The Co .. 0' lh . W.II _D .. ign. d 'n l t, um.nl," G. ... roI ltodio E..perirnuNo " 

March, 1960, p"g ' 7), 
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tors, Illultipli('r$., fmd !llllplifif'l"'j (·:tn he 
mcn.'lun:..:I. Di"C'fil1lilllltor re,..i,lunl noil'l(' 
level i.s 100 db helow full &:a ]c, ('011-

sisting maiuly of the fundamental and 
sceond harmon ir of tile powcr-lillf' fre­
qU£'II(',V, .\11 otller frcq uC'lu.: ie,; arc dowll 
120 dh 01' more, permit I.iug f\. I'f':-;olut ion 
of one pa rt ill :1. million for dircd. 
llleliMI rel1l('11 t. 

The u~abl{' fr<'quellcy rallJ,!;(', p:lrlieu­
IMly for frl'tIUcn(':,>·-tlrifl :l1ld ilwidt'utal­
fm mCnhUrelll(·nL .... , call be cxtt'ud('d lI l>­
wa rd to the thOll:-,;lnJ.." of Ill~:\('yrk-~ if 
t bc frCflu{'lwy 10 be mCll"lIn.~1 i ... 11I .. ' lt.'rQ­
d ynt.'d with II knO\n1 ,st:lmi:ml. Thil'l 
give:!:1 propol'l iolllllC illf'rt.'u'it' ill I'l~olu­

lion, l~x:lIllplc!j of drift mC:.I,;urcmcn l 10 
one part in 101'1 a nd of illt'idl'lItlll-fm 
lIle;ll;urf'lIwn l" 10 unc part in 10'1 IHC 
du..<;{'rihed in APPLICATIO:\:i, helow. 

READ -OUT ACCURACY 

T o ~()h'(' Ihe prohlclll of rt'lldout 1.0 
0.1 '1 af'(,lImcy, two fC'ature,.: Me ilI!'O!'­
por:IIPd, The first i8 tht· ut-C of:l unique, 
PI'('('ihion, {i-inch melrr, who . ...; .':'(:[11(' di :-;­
Iriblltion is linear frolll U 10 approxi­
matdy 15% of full St.·:) !c alld log:I I'il h rn ic' 

in l he upper S5~~" Thi;,t meler i~ :'H'C'UI'ul(' 
to 1<;( of I'Nulilig dM'" 10 J(J1:c of filII 
lU'uli', \\ hie" i;; litcl':llly an ol'der-of­
Illng;nilude gr<'atel' lh'l'Ur.I (',' · 111, I hi" poin l 
than a I'/c-of-full-"''''I.·:df' meter, Th(' ~I·. 
ond fe:ll lire ii! I h{' u:-(' of :H1 inlf'I' IXlkHiun, 
or calibrlllrd, mclcl'-~'XP:lIl"ioll u:(·hllique. 

~ ~o.. . . 

wherehy [lny one of 15 equa l portiolls of 
an:,>' of the fivi' (5) r.lII)!;CS ean be ex­
panded prf'<'i~ I:,> ' 10: I (sec Figu r( 2) , This 
tmn"fers lhe fil'>lt digit of the lIleter indi­
clltiun to a I'jwit(oh find d if<pluys Ihe SC('­

ond :11111 third digit.'; 0 11 the meter, This 
ul"u provide:-:; 50% overla ps :1l1d dimi­
nate,.; the Hl'I~d fot' end-uf-scale l'clld.inb"S, 

Pro\'i~ i oll h:!:! h{,(,11 mad e for dri\'ill~ 

I· fi nd 5-ma n"('ol'(l(oI'>l, Whr rc higher 
I'f'(·on.h'r resolution i:-:; dl'slr{'<1. :ldd itiollal 
hindill}! I>o:-L., 1If'(' prO\id~l , which .slLJr 
ply the interpolation "i~1l111. 

EASY TO OPERATE 

While 1i0 wOl'lhwhile f('a tllT"(' hllS 1>Ce1l 
omillNl 10 limit III" \·C'I';;:.llilit", of Ihis 
111.slnullt'1I1. t he requircment of "impli\'. 
it.y of OpCl1lt i011 ha:s IIOt. been o\'erlookl.'<l 
:\ Ieasu rell\cnt of 1111 unknown fr<.'qucllcy 
I:> no more l'olllplil'atf'<1 than metlsur(.'­
lI1('nt of a \'olta~e wit h a voltmeter, as 
C(lIl be ~n from til(' fronl panel controls. 
'''itlt the ~n:n:1t ~'UN(,'1'IOX swit{'h in 
IlIlIE('T pOt- ilioli (F ip:ur<' I), simply set 
the lUNGE swit{'h to the a ppl'opri:ltc 
po:<ilion :\l ld I'{.'lld II,£, metN, Adjustment. 
of the l"' t'rT W.\VEFUH.\I c'ontrol is lIeces­
-<;lrY onl~' Wh(' ll Optil11l1l1l scnsilivit.y is 
required. The 1ll(':I,..Ul1.·mt.'lIt tICe lLr.l('y is 
1% of relldin~ down to 10% of full 
:;(':11('; 0.1 % uf full -"Calc tit indie:ltiollS 
hdow !Oct of filII $\'ale. In oihN wm'ds, 
(,,.,,.;enli:llly all the (' rror is du(' to the 
meter, 

I<TU'PQUfON 

FiIlU' . 2, lIIu" ,a ll"lI ",e ' e , I c a l • • 
•• pa""ra,, , Wllh "'UU fUNCTION 
Iwl 'ch •• , a" O' UCl , m e l. , I"dl_ 
co, .. 0.77, 01 .Ioow" "I lop , Wlo. " 
I.'." INUl 'OIATIOf>I, 0 5 .haw" 01 
bollo m , 110 . ' '''qu. "C, m e l., I"d l· 
co' •• 0.766. Th. fI,I ' d illit {.n Is 
ul a" 110. INTU'OlATI O N O ff S.ff 
f U QUENCT l wi tc h " " d ' h . 1", ... ",,1 
from .7 10 . ' I • • • p,,"ded 10 co". r 
110 . sc" t. f • • m 0 to 1.0 , 50 11001 ,h. 
• • con d and , lttr d dillih {' 61 ", • 

• a l nT , . ad "n , 10. ",el et , 
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, 
Fill"" . 3 , flt .... I .... .. 1 bl,, ~k Ich' molic 01 the " ._ 

quenc y rn e t. r. 

If )treater I'c:ld-Ollt r('solution is rc­
quin'<i, set t.he l:-.'n:RI'OE.ATIOX OFPS ~:T 

. ' IlF.:Q tl ENCY !,;wit~h to cone"'pond 10 t.he 
first digit of the metcr indication lind 
switch the ~mreR .'UNC'r[O~· slI' it{·h to 
l:-;n;IlPOLA'I'ION. T he mder scalc will 
thell clTcetivei.\' be c.xp:l1lded by fI fact.or 
of 10 (sec Fi~'1Jr(' 2), with a read-miL 
aCf'Hnmy of 0.1 %. 

CALIBRATION 

A f'alihmtin)! Si~n:ll, which is the 
st'wntl hurmonic of the power-line frc­
qucm'y, pmvidf's 11 quit'k cilcck for 
normal opcmlion. Controls fo r con­
venient (":IJihration of hol h the OIJ{ EC'l' 
alld INn:Il I'QI.ATlQN modcs of ol>er:ltion 
on the 150-cpl,; ra ngc arc provided 0 11 

the front P:lIlc!. These ('oll lrol .~ :"Irf' 
primarily I'IX!uin)(] for compcns.:.l l ioll of 
any long-term drift, of Iile current 
soUl'ce, :1.11d, thereforC', t hey correct all 
r:lIlI.!;CS, 

lnclcpcndcnt calibration of the other 
four r:lnges is r:l]"ely required :lft.er enli­
briltion at the f:ictory, except when 
the timing Ot' output tuhes arc replaced , 
which m:w necessitate :1. Ri ngle adjust­
ment on eneh of the fou r top ranges, 

PRINCIPLES OF OPERATION 
Frequency Meter 

Figure 3 is a combined block und cle-

JANUAR Y. fE8RUAR Y , 1961 ~ 

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

,. 

, .. ,.....,..,"'" " 

-yo ... 

mC'nlal'Y s(:hem:Jtir di:l~ram. T ile in put 
sigu:tl i;;: ('1ipp('(1 or limited, ampl ified , 
clipped a ;;;('('ond time, and amplified 
a,:win. The r('!<ulting wfl\'{J-shape approx­
imates a sq U:lre lI'aye Or a series of 
pul,.:('.~, rleppmling upou whether Ihe in­
put sigll~ll is n sine WilVC 01' pulses, 
respc!'\ i vely, 

The pulses trigger n Schmitt circuit., 
whi{'h prodlwe:; positive pulse:> of 0, 1-
",SCI: dUl'ulion, COil11:iding in time with the 
po;;;it ivc-slopc> zero c'l'o~ings of the input, 
sih'l1111. T hew pulscs nrc amplified to 
t.rigger the mono;;:table mullivibralol', 01' 

timing !o; tal.!;c, Adju,~lmcllt of. the 1:'01 , '11'1' 

\\ A\,EFOH~' eontrol m:lkc:; po~ible a 

conf'tnnt, S('hmilt ... eireuij. sen~i1i\'it,.r t'e­

g:mllC'ss of the dut.y rHtio and polnrit.y 
of the pulses, 

The monostable mult.ivibl':ltor pro­
duccs 11 puiS<' of ('on,.:la1ll. amplitude :md 
dumtion fot' c!lch input pulse, T he pulse 
dUl'ation is determined by rc:;istor­
eap:witor rombillntiOlls, with aCCUJ1lCY 
and s t abilit~, assured b,\' the lise of pre­
('i:-iioll, temperalu!'C-I'ompensa tcd capaci­
tOI'S and GCIlC'r::d Ihdio wire-wound re­
sistor:;, R:U1J.,!;C s\\' iteilillJ,!; changes the 
timing resistof:> and c'apncilors to pro­
d uec dec'adc changes in pulse duration, 

The staudardi1.ed pulse is t.hen fed to 
t he out.put stage (to si mplify the din­
grnm, t.wo meters nrc shown in plaee of 
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~ G ENfRA~ RAOIO EXPERIMEN TER • 
olle). The IcfL-h:uld triode, \\"bic'h j;: 

Ilorm:lily at cut,-ofT, is tumed Oil hy thf' 
st:lIldtlTdizcd pullre and rCIll1llns 011 for 
prt'cisciy the dUnttioll of this pulse. The 
CUITt'1l1 fl o\\'ing ILL this tilllo is dctcl'millt'li 
by the ]'cgltlalcd voltage, Y I. Hnd the 
cathoclc I"csil<tor - a. stl1ble, wi rc-wOllllfl 
re:;islur in scril'S with the OlllfX'1' G.\!. 
potentiometer. The average CUrrell! 

throll~h the plat(,'-Ioad l"esistot"S ]0;, 

therefore. dircd.l .,' proportiollal to th(> 
Illunhcr of input pul >;I'''; pcr ;;(. .. ·01111. alit!. 
helice, t.o the input f1-cqucney .. \ meter 
:I{'ro.-;s a portion of the load resistor iu­
diCll te:-. thi .. frequency. 

The al'crrlgc de voltage developed 
hctwct' ll the pbtc and ground, i.e., :tt 
t he fm lenninuls, is prc.'i:<cly 15 volt.s 
:I t full-scalc dcfll.X'tioll (1.5) . A high­
im])CI.bncf' recorder 01' dt: voltmeter C(lil 

00 t"oum't"tcd to these terminals as :UI 

additional ren,iout. 
The right-hand t riode I:> n constant­

current ~o\lrce with a plate lond 1.'011-

!:ii::;tiHI!; of 1& equal-value, 0,05% , wire­
wound resislors, Its plate Clirrent is 
adju:;lcd so thnt the totul voltage drop 
across these resi,,:lors is 1"1 eOlllit:llIl I.') 
I'olt.s. When used for intcrpolation the 
mel.er is ('onnectOO bctW{.'Cll tbe plute at 
the left-hand triode, which is between 0 
:md - 15 volts, dc, depending UPOII tlw 
input frequency auc] the appropritlt.(· 
" bu(;kin~" volttlgc frum the pJ"{.'Cj,,:iorl 

' " 

I'olttlge di\'ider, ami full-ilCl\lc sensitil,;ty 
i::: itH"rC(lscd 10: 1 by removal of its shunt. 
EHd-of-i<l'!de 1"t':Ldings a re eliminated 1,.1' 
Ihe prol'ision of :1 .')0% oycrin p Oil eHch 
of the 15 interpoltltioll ranges; hence, :1': 

inciic(lted in Figurt' I, :Uly frequency in­
di(';\I(xl he-tween 1.0 :llId I . .') ma.\' be read 
also on the mcler bct\\"ce n 0 a nd 0.5 if 
till' IN'I' '':III 'UI..11'IO'' O ~' t'SE't' . 'U.F.:QUt:NCY 

:<\\"i1(·h is .~ct onc digit higher. 
Wit h the shorting link removed, 1\ 

maximulll of 7 ma is flva il:"thle aL the 
ol!n:<..~r In:COHD t.et"lninals, so t h:lt mo:<t 
:<tandard I-mn and 5-m:\ ["l.'Cordcr!:! can I~' 
u",cd. The nECOllO Ct; HnEN'l" pot<'ntiom­
eter is !). eOlll'enicn t :;cnsiti\"iLy ('on I rul 
for these rceorders, :Uld has no visihll' 
interaction 011 thc nlR~XT MEn m ]11-

dicat ioll. 
An addition:ll rC<'on;ier output fit tlll' 

IIECO ltl) I"TEItf'OI~I't'tO" terminals make,,: 
:w1.lilllble t he in t.cll)olation signal from 
the meter cin·lIit. FlIlI-scnle voltage if< 
0 .64 volt hehind 4800 ohms. Use of 
:l. high-impCt.h1Iwe rC{'ordcr elim inate;; 
any interaction 011 the Illc lcr indi<::ltion. 

Di5cri minator 

OI)Crnlion of the frequency meter" 
circui t;; I"equil·cs the gcncmtion of a 
\'OIlSl.alll.-awplit ude, constanL-dumt iOIl 

pulse for each in pu t cycle. These stand­
ard ized pui:;l':'I hn\'(> n fixed-time rclation 
with J"c:;pel"t to die input signal and when 

.1 ~'" 
rtJlJUU1Jl ., ~M , .... " .. _, '"" ..... , 

" ~ I ....... ,~ ...... 'If 
!c)~>O ~ ~ !r) 

> ';r----I ===:' L ---- --
L- " ..r .. .. ". ac 'TO". .... • .....,. .... "c. 

fl lil .. r. 4 . 1II .. . I<a linlil th e ape rall a n 
a l t h . p .. t ... c a .. nl dil< ri mlnala r 
fa . (1.11) canolan l Inp .. ' t •• q .. . ncy 
and (rig"') Ir . q .. . ncy. mad .. la t. d 

Inp lil • 
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, 
huil~hl.\· fillered prm'ide :I IJrN'i~' pulse­
/'OUIl I rli~'rirnin:ltor output. 

Th{' output signal at the fill Il'rmiuals 
i~ ~holl'lI ill j, jgUrt' .1. Witl, II l'On:-lalll­
fl"{'qu{'Jl('~" inpu l signal (.1:\), the :-;l:I lId­

tl rdizf!(1 pu lJ'\C;I, Hl'e tlll ifom.l), "pat-cd 
( Ih) .. \ Jow-pass filter n'movc~ nil :\!' 

('OmpoIH:'lIt.-: of 1he pulse train. )('11\"11111; 

only the :tw'r:LKc (do) <,ompOIwnt. ( Id. H 
Ill{' ilillUt frelllll' IH'Y iue rca::;es. the a\'er­
aJ.:0-\,tll u (' l'OJll llOn('lIl im-I1"'!\N.'>I a l,.Q. 

Tbu,"" if Ih(> illJ>1Il frNltlCII('Y \':Irl(';; (·Id ), 
i.r., is fn..>(I\I('Il('Y mooul:.tcd, thl'slalld­
:lnlilC(1 pul:<{'!< lire 110 longer ulliforrul,'" 
"'1':11'("(1 ( 1('). lIud t ite :In' '~\,I!:t'-\,:lh u.· "Olll­
jlollen! "urica 1"00T0.<POlUlillgi)' (-If). Th ii'l 
\':I ..inlion il< UII fll' si~l\al iden ticai\o tbe 
OI'i~ill:11 1I .0dlllal ion. 

TIll' rt'('flll£' lI l',Y dC" iution for un frn 
"il!;nal is rmel il .\' detC'rmilLed, .-1i lll·" fnll­
:WlIlt, de"i:.lio\l, Pl':lk-t{}-I)f':lk, 011 !Illy 

rall/(e {'orrei'ponds to lS.volLS peak-t f}-
1K':lk output . .-\ ('hange in illpu t fN'­
qU('I\<'Y of I ppm, either pc:lk-tQ-jX':Ik , 
1.lt'ak , or rnlS, rc:-:ults ill lUI :1(' outpu t 
,-oh;l~e of 151-'v, pcak-Io-pc;\k, lK'ak , or 
flll", I'('''JlI~ ... tivcly. SilH'c the narrow hu ud 
lloi.~,' is morc thau 120 d b do,,' u from 
full output, peak dC" itl.t io lls as smnH IIi! 
!.,j ",\"('Ic" on t he 1.5-1'\ lc ruugc. or 0.00 1'; 
('.",,1(' 01\ Lhe L.5-ke ral1ge, CIUI he 
1ll{':I"lIn.'<.I. 

II is oh\'iou.8 Ihnt the fill.er Ulll 'l t 

climinHte Ih{' :H' compoll('llt:;; of the 
pubes and stili pet·m it.. Ol{' ilVer3l;!:e '-altle 
f'OUljlutll'nt to vnry at the modu lnli ng 
fl'I'II11CIIl'Y, A single->o(.o{·' ion, [{C low­
P:I:o;." filtcr with it hn'llk frequclle.\" of 10 
k(' i" lI3('(1 for th is purpose, :dthou.ld L, in 
ill"lal1('('$ whf'1I low t'!1t"rier frell liCllI"ics 
:IT'{' Ill{,:li'ured, :ldditional fillcri np: mn,'" 
he uCt'('s-<;:'1ry. If the stllndllrd 7S.I-'SCC 
dt'-cmph:l ... i8 Tlet.work use<1 in fill brO:ld­
t'!\"lin~ is (h''liT'{'(I, an additional ta paci-

r tllll('t' of 0.011 Ilf should he plac..1...'<.1 ncro 
the fm iel'min:ll~. 

J A NU AIl Y. FEIiIl U A Il Y , 1 '6 1 

APPLICATIONS 
The 'l'n'F: 11 ,12·:\ Frcqw,tlc), ~ I etcr 

and DiS('riminulor ('lUI be u:'lCd to 
l1le:~t1rc tllLd to re(.'ord frequeuc')' and 
frequency chn tl ge.~, or used as an ex­
t~lIle l .\' IinclL!' ~I ud 10\\'-lIoi;;o discrimina­
tor for fm demodulation lLud inridcntal 
fHl nwa"Ure t1lf'llt ii. ' 1' llI're II!"C, IlowC\'cr, 
mallY additional :lpplic':lliulls lItili1.iLlg 
thii; meter :1<; the maiu l'icnJ('ut ju a 

IIlcm:urcment S,n:telll. \\ hic'h )::t·l':liI.\" cx­
lend its r.m.!!;e :l lld utility . 

Frequency and Drift Mea l ure me nts 

To extend the nmgc of fl'C<lU c.ncies 
o\"er \\'ili"h mCIL . .;w·t'IIlCuls t'IUI be made, 
the "'lignal under tnellSUl"Clllcnt is hetero­
dyned. wilb :\ lota l os('i llatol' to Iwi ng 
their ciitTer('ncc frequcncy within t.be 
r,mgc of the frequc nl'Y meIer. T hus, with 
Iii" !I rran~ellletil shown;1l Figure 5;1, fre­
flucn<'ics ('all IX' mt'll::lIIW alld rccor<kod 
through the kilome~acyclc mllge. T he 
ITIl'a';;UfCmcnt aeclIracy is ($,;ellti:111), that 
of Ihe 1000'fl l OS(' itla tor. For eX:lmplc, if 
lhe 100'ul O:;(' ill:l l 01' is:l pf{'('ision sl andu rd 
I),,,,·illulor, op': mliu)!: al 1000 ;\ Ic aud the 

Fl ..... S. elo ok d lo".oms 01 ofl.';" . monh , •• 
h ... . . d y n l"1 hllh f'lq .. o ndo. d ow " 10 II., ' Gn ll' 0' ,h. ,.eq .. . n< y m ..... 

(0) 

Ib) 
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~ GENERAL R "DIO EXPERIMENTER • 
IDOMe MI~E~­

"(CrlfiER 

f!l[OU£NC:Y 
"'U~l IPLIER$ 

TYPE 11 42-A 
TYPE 

IUD-A .-, 
fRE~UENCY 

METfR ',' '"' ~SCRI"" /I.I.TOfI /l""LI"EII 

Flgu •• 6. A"O"1I4",.nl of . q .. lp .... nl .... d '0 ",e.Uure th e .ela live drift of Iwo S_ M. o .. lIIa lor •. The 
SoMe fr.quencie. w e •• ", .. Uip U,d up 10 1000 Me ,,, magnif y thei ' I.eq .. ency d rifl . 

frequency of the OS('ill;ltol' under test is 
within 150 tydcs of the Io<'u[ o&:il1:lI.ol', 
thell frc< rucllcy challges of 0.1 cycle or 
flpproxim:tlcly I pllrt in 10 lu can be 
directly read on the f]'cqucllcy llleter. 
Since Il frcqucnl'Y ditTl'l'cncC' li S high as 
1.5 l\l c i ... al.-;o readable on Ihe meter, 
mctlsut'(,IllC'nlS of WUrTH-UP drift on high­
frc'lUCUCY m;(' iliatOl'5 arc conveniently 
made with the !;.<t IllC equipment (Figure 
5a). 

FrcQucl1l'Y measu rements ncur inte­
gral values of multiples of 100 h, 1 :\'Ic, 
and 10 :\Ic afl' re:tdily me:t:;urcd using 
the Unit Time/ FI'C<llICIICY Ca.librator, 
TYI'Ji: 1213-D.2 'fhi:; instmlllcnt in­
{'1U(h'~ tl. (' r'y ~ lal -(,olltroll!'d SOUI'CC of 
these fr'cqllclwics together with a hetero­
dyne detector and a.udio-bc:lt amplifier. 
As ~ho\\"n in Fi~llI"c 5b, the local oscilla­
t.or, mixer, alHl Hmplifier tHC replaced by 
the ea li brutor unit. 

~, \ \ \ 
\ \ 

I \ \ \ 
-\ 

. , , , 
I . _L .. IN .... 

I !010 l' -, 
h 
;' -TH,I£ / ---

The arrangemcnt shown in Figure 6 
was used to ohtain the rCCOI·d (Figure 7) 
of the rebtiv(~ drift of two 5-:'\ lc cl"yst;ll 
os<: ilbto l·~. The 4-,uf ca pacitor Oil the 
intcrpolation rc(:ordcr Olltput pro\' idcs 
sufficien t filtering: t.o prevent. the re­
corder pen from rcsponding to the pulsc 
frequency in the fre(lucncy-mctcr out..­
put. The ",hunt. resist.or was uwi to 
adjust the fllll-.~·alc f'l'll:-<ili\'ily of thc 
rC('ol"dcr, in this inf'taw'c to olle p:ut 
in 108

• 

Measu re me nts w ith the Di scriminator 
Sou rces of Error 

\\"hile t.hc use of t.he diS<'rimin:llor 
POSC!; no problems pc("uli:lr 10 Ihi ~ in­
strument, ("crttlin prC(" :1H1 ion" ehould be 
I:\ken 1.0 insure acc'unlie mcaSUl"emcnl of 
low y:,]ucs of fill deviation. Obviousl.\· 
suffi t iellt f'iJ.,!; mll musi hc availahle. 0 ]>­
era ti on :1t the limit of :«,I\siti\'ily will 
!lot gi \'(:, ·thc Iw:;t results. Furthermot"c, 
measU1"(>mCllts cannot, he made ill tlte 

\ 
\ 

\ 

-V 

! 
I 

Figure 7. Chart .e~a«1 of th e 
meO l ur e m e nl of Figu.8 6. 

I , - I I / 
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• 
presence of noise so Krcat I ha 1 ext.raneolls 
1.l'ro crossings llrC generated. 

Effects of Additive Noise 

A more subtle errol' in incidental fill 
measu rements l'::t ll be r:;wscd u.\" 11 low­
fre<luc!lcy noi~ f' ignal superimposed on 
the input Sigll fl1. The P;Cllcl'a-tcd pulse 
docs not. .'It.art a t prcciI'.Cly the zero 
t· l'os.~illg of the inpuL ,.; ignal but tll. fI, 

time wholl the in put f<ignal 1'£,:H:h08 some 
fix('(i \"o1tagc (usually less t h!l ll 10 mv). 
Noise introciuecd with t he $ign:tl wi ll 
result in some vari:llion in the lime 
relations hip bctwC(!11 the inpu t signal 
IIm\ the outpllt pulses and will be 
D\custmxl :15 fm. The ,llllount. of litis 
g(,l1crfttcd fm is a fU llction of 1 he frc­
quem'." of the noise fl!, well :H, the si.\!nal­
t.o-noi,,(' mliu. The peak dc\'iation of 
this c.xtmncous fill is approximately: 

where A = amplitudc of 1l0iscn nd inpu t 
"ign:\ls 

For exam pic, ;t I-voll, 100-kc CluTier, 
with ~I lIoii>{' siglin I of 1 mv at. 100 eydcs, 
would give nil cquivnlcnt. fill output of 
0.1 cycle or I ppm dC\'iutioll . A si mple 
He high-pass filtcr elm hc ut:ed to rc­
dw'c the low-frequency noise. sign:) l :)nd 
usually is a.dcCJ.uale to elim ina t(' thi:; 
problem completely. 111i:; fil ter should 
al\\"a.ys be lIsed to remove t he recovered 
amplitude modnlntion in t he mellSUI"C­
mellt of incidental fm 011 a n flmplit ude 
modubt.ed sigm\l that hilS been hetero­
dyned in Il diode mixer such :18 the 
'J'YI'~; 87·1-:\1H , or to remove ()O-cycle 
hum pickup Oil tbe input.. 

Effects of Amplitude Modulation 

The prcscllee of high levels of a ffi­
pHtude modubtioll on t he input signa l 
call nl!'io produce e rrors. Obviow;.ly, as 

JANUARY_FE8RUARY , 1961 

th e rnodubtion ilpproaches 100%, the 
input carrier is Ilear zero amplitude 
during a conside r:ible number of carriN­
frequency cycles nnd the input level mily 
be too low for prope l' opcration. 8n:1I 
with !<uffieiellt signal (I difficul ty ex i;:; I.", 
a1:l showll graphically ill Figul'c 8. The 

/ 

Fivur. a . llIu strolinv ,to. oppar.nt fr.quency mod · 
ulatlon produ~ed by on amplitude . modulate d 

wo"e. 

st:ui time of the output pulses is 
detcnni ll cd b.v the time ilt whieh the in­
put sign:1i reachcii {\ given instant.:\ncoUf 
\,fdue; t hcr('forc, any change ill the 
slope of the input !<ign:) l afTecls the time 
of th cse pulses wilh t'cspect to the. zero 
cros.<;ing of the inpul signal. -The fnl 
de\'ifltion pl'O(hH'cd h.\· amplitude modu­
lation is approximately: 

where! ...... = modu\!1.tion freq ncncy 
S = scnfi il i"ity of the meter 

!It the cnrrier ft'cqucncr (no modulation) 
111 = modulation index 

A"". = ltmplitlldc of the carrie I' 

The scnsitivity is found by reduct ion 01 
the signal to t.he fni lure point. As an 
example, let us nssutnc that at 100 kr 
S is foulld to be \0 Ill ..... A I-\'olt, IOO-kc 
catTier, modulaled 25(70 I~l 100 ('ycJc~, 

will produce an fm out put of appl'oxi­
mntel~'; 
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~ GENERAl RA.DIO E X PERIMENTER 

fA ....... ) FL,u •• 90. Equipment uud I" clo'."" '"'' 
1m d ... Loll,," , ...... ","pILt..do_modulate d w a .... a. 

co lundion ", Inp .. ! , ..... 1. 

(AI ,;,N) Flllu, . 9b. 1'101 of , .. ulls of !ho ... . .. . .. , •• 
". ... , s hown .. bo" •• 

.01 
100 X 25 X - "'" 1 ('w\e · 1 · 

(or 10 ppm) 

Thil'l a-m-I!('Il('mled rm llIay hi' mini­
mi7.I'(\ b .... all illC' rf':I:-(, in tlll' illpu t I('w" 
or II rl'( \w'lioll in the »Ct"ft'IlI:l,l::C' lIuxiuia· 
lilJII. 'I'l l(- input f; ignal CIIIIIIOI h(' ill­

I'n':l~\'(l iudl'fillild ..... howevt'r. Bt'e:I1l~(' 

(Jf lilt' n:durf' of iimilC'l'l'i, w lH'lIwl' ,Iu'y 
11 1'(' i"'Prllnl or :11'(' addro cxtcrllolly to 
:I id in ('ll1uillati np: the a-m, N.lllll' til'­

I1llMlulatitllL of till' a-m ""igllal will OI'I'Ur. 
Thi~ demodulated fliV;n:\I T'('aeLi IlPOlll lll' 
iupl1t 1'1:l,ll;I'!' in ,he same mallll<.'r fl," 

:Hlditi\,(' 1101>0(' :Uld rt':<ultF; in a dj<'('ri llli­
nator output :." JlJ'(',"iousl.," de~ . ."ril ... '(1. 

It I';; difflNlh, if not imlK>S."!ibl!' 10 

nl{"a~ul'(' I hi:- efTed Il' itlt !\vui!ahlc :tmp!i. 
tUII"'lllC)l\U!l1\l'd O::«'iJ1ato r~ 01" ~iJ,.!: lI a\ gl'B­

<"nlto]~ 1)('"I'all .. e of the diffic·ult'\" of 
H.·pll mt illJ,.!: tIll' fill generated ill I he 1-Olll,·e 

frolll that of tht· di,;rrirnillatQr. 
To 1I1(·II .. UI"(' Ihi;- efTl'Cl, a moto,.­

dril'cn ('ltp:lI'itin' voitaf!c dividC'r, Figlll·f' 
!Ia. ' \11 ." II .... ~J 111 1I;t'"ller.ltl' all ulllp1itude­
lIlodubll'd \'":LI'C relatively ff'('(' of :111.1' 

fill 1)1· ph:1 .... ·-I1I()(lul fl lioll c/il'l'ls. A plot 
of efTf'di\"(' fill n~ !\ fUlwtiQII of i .. pnl 
I'n n 'ier I(,I'pl jl, i'llOwn ill FiJ.!;lll"l' Oh. 11 
i:i :tppnn'1I1 Ihnl IIU inpu t lel'!'i i.cl\II'Ptl 
appro:\inliltf'ly 0.5 volt :llId 2.0 volt .. [1' 

I)ptilllum. 011 "ither sidc of thi:: rnn,,!' 
tllt're ['I lin incJ'('ase ill 1Il(':Il<url'tl fill . .\1 
low \,oll:ige,. Ihere ii'; insuffil:ienl ~i~n :1I 

lor t\('C'umlf' mel\I<lIrr-lllt:'nt, :Ul(\ allol'C :l.0 
\'olt1l. thc limiters prcx.lu ('~ ~Ille de­
mooub t ion. 

•• 

'" 

A k no\\"lcd~(' of the ..... S;Ottr{'C.s of crror 
in lIleal'urcIllCIlt.~ wi lh the di;«· liminut .w 
:ihoultl be hclpful ill explaitl ing the flll u'.­
lions of the \·ariotl>! fi ht'n; u~"tl in the 
llle!l,.:urclllelll l::' of fin, filltle l" , and WOII" 
clC:«.'ribt . .'d helow. 

Frequency M odu lati o n M ea sure m ents 

Fm dcviat ion nll':I:iul't'ln('nlg 3l'C made 
by sul)$1titutillg : 111 :.L{' vol trncl el" for the 
tit' l"t'ton:It.· 1" shown in Figure 5:1. The u:-.e 
of hctcrodYlL{' 1('f'hnirplf'S Ilot only ex­
If' lltl,, t he fI'C(IUellt',\" r.lnge but also in­
,·n.':l,.;(':i; the rc..~lutio ... 

ASlI lI cx:unple. inei(\cIL tal-fm me:l.~ur(>­
mcnts< of :1 5Q-,\h- osc.' ill:t tor Wf're m:ul(> 
by using a h:Lttcrr-poweroo -19.5-:".1 (: 
J()(·al Q.-.eillat.or ; hu lt er,\' powel' wn." 
IIIi1i1.ed t,o climin:ltc illciucntll l-fm com· 
PQllcnhi of the at' power suppl.\' fn'­
qllf·ll!"ies; r rom the IUI.':l1 W'illntor, he('au~ 
th('<;t, W(.' I"<'. thc prilll:lry fill components 
of interest. in the j):«·i lhHor u nder 

Illt''':iurt.'ment.. The re.'<uits, hO\\"(' \"('r, 
!Show('(1 thl1t, whi le Ij(). ami l2O-t.·;IT!e 
fm ('OIllI>OIIl'llb of II normal le\"(,'1 did 
{'xi:;:!, I!n:n brgN peak deviat ions at 25-
:111<1 15-l'y{'\c ra tcl' WI'!"C al:io l)i"l'SCn1. 

Thcs<l' f m eompollt'lIt", I\"el"(~ finally tnll"cd 
to miL· rophoni(·", ill t he o..<;('i ll :) lol" under 
t~t. The SOUI"l'{' !; of the vibr~ lions \\"er(> 
II blOllcr-t'ooled Q.-;t' iIIO:-;l·OI>C alld power 
~uppl ~· rc.<:tillg 011 the !'I:.lme bench us the 
5O--.\lt' o;,('illutor with filII speeds of 1500 
3.ud 2700 rpm rel'j)('(' lively! 

A mcaS;UT"('lllent. Ihat. demanded the 
rull ut ili zation or the techniques Ilnd 

• 

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



11 

,t ... ,. 10. Block dl,,· .,a ... 0 1 .y., ........ d 
I • • tho ... . 0 ......... .. , 
., I ... nor .. I .~.I of 
t ho Typo lI12 _A 
$'and ... d _fr . .... . ... y 

MIiUlpU.,. 

PJ"("(-lltltiflm: pre\-;QII:<Iy di~u:-...<;('fl Will! tht:' 
dl'll.'rmill:ltioll of Ihe fill lIoi~ 1('\'('1 of 
Ih~ TrI'.~ 1112-:\ Standard Frt.'Iwcnl'Y 
l\lult iplicr.3 A block diagr:ttn of the 
1H(':L>;Ut;n)t ::;tl llp i8 shown in Figure 10. 
I n:l~lmwh :lb the pl'{'tiomiIlHllt fm COIl1-
pOllent..; \I'erc ,·xl>e(-\.ed to he h:lr1llon;" ':; 

of tho pOII'cr-line fN'que ll.'Y, the uHLlri­
pli,'" \lllS POWf'reU by u vn riahlc fn.. ... 
f!U(' IlC," power supply set. to :l llpruxi­

lllall'!Y 70 ty\"l('ti, 00 a.!l to pcrlll;L 
!i(.'p:Lr..t ioll of the lIlultiplicr 'iI fm noise 
[(-H'1 from Ih:lI of the rcs t of the sy:<ll'lIl . 
TIll' 10\\ output Ic\'cl of the 9.'Jn88-~ l e 

11)(,:.1 os...i llalor nC<'cssitLltcd the u,.;(' of fill 

ulllplilit· r (Tn'.: l2OG-A) to driw the 
frcquNll·.\· nl('t cr, A b:tlJd-pas...; filt('r ~'Ol1-
,.,i"tiul{ of a 2-kc, He, low-puS:! seel ioll 
10',!Nhcr wit.h a J-kc, Re, high-pu s,,, 
1Sl.'l·liou attClluated extml100US signab 
(GO- :lnd 7(k'Ycic hum liS wcll ai) hifl:h­
flffluc ncy (':l rricr noise) while p:ls. .. ing 
til(' 1.2-kc c:~ r';cr aud :;idc balldi\. The 
S()(k',,·tlc :'I nri 5()()..cycie mten; shown in 
F ij.,'1Irf' I Oprl'H'nt the4S-vol t., 1.2-kl· pII1..c~ 

from ovrrl()''lding the wave nn~dY7.cr, 
In lIlc tlho\'c SCLup, i .6. , with :.1 100 i\ lc 

em'lel' lIlId n 1.2-kc bent, II 7-jl. v Il.'udillg 
011 the lI'a n~ nllul.,·zer cOI'I'Cl>ponds to u 
Ilf'ak d(w inlion or :lpproxim:uely one 
part in lO W. The tot~ll noise level of 
the T'YI'E 1112-.\ 'tand:u'(j Fre<IUCIiCY 
;\Iulliplicr wM fOllLld to be approxi­
mntcl~' b pnrts in 1010. 

While the prc\'ious exumple:< havc 
1':" 1) I ........... ,,~ .. "' .. nd.ll.rrl.P ...... uen~1 'lullllll""" 

G.~n"" / H~J;~ Ii''''' ...... ''''' .. , ~1 . II. July 1lI:.s. 

JANUARY _f EBRUARY, 1961 

o 
lYP[ 
136'" 
WAVE 

ANALYlE~ 

o 
lweI! primnril~' l'nll1't'rnt~1 wilh small 
IX':l k devilll jOI I ~ at low motlul:ltioll mt.e.", 
there arc occfl ... io IlS \\'lwlI thc 1lIl'.3.surc­

ment of large frequeue)' deviations or 
hij!h 1l10tiulalioll frcqllclldc:l i:;: dcsired. 
It is IIppal1!lIl that t hc largest peak de­
\'iat jou IIIC:l.'lllt·ahle wit h t he TYPE I 1·12-.\ 
Frequent')' ;\ Iel£'r :lnd Dit4'rimiuator j,; 

('qual to olte-half of lhe rangc-s\\' itch set.­
ting in u>;c, or ± 750 kc 011 the 1.5-)!fo 
ntllj!C, For modubtinj{ fr£'l.lllcllcics ahovc 
10 kc, the outpliL is de<:rcu... .. ,cd !x>eallS(' of 
till' inU'rn:lI IO-kt' filter, It. is therefore 
nCI·(':;..«ary to t"c IllOVC thc O,OO3:.h:lf filter 
('1I p:I{' itor if !l. hi,lthcl' roll-olT freflllCllt'Y 
is de;;ired. Under t his ('ondilioll , thc 
outpu t impedance is 5.1-kilohms. The 
roil-ofT fl't\<lllCtlCY lIO\\' dcpcllLi:;: upon the 
!'apal'ilive load of the ('xtcrllfll voltmctl'l' 
0 1' filter. It is not. pos:;ihle therefore to 
.:ila l-c cntegOl'il'fllly the maximum de­
t(·('t:lblo modulation frt..'(luellcy wilhout 
a knowle<lge of lhe charactcristics of the 
fi ller aud voltmeter l)('illK u;.;c(l . Ilowe"cr, 
with a total shullt cap:wit:wce 100 I'II-f, 
it i.~ PO~"ihlC' to tnailllailL the response 
withill I dh out III a ,OO-kl.' modubtion 
rreqlWI!c.\·. 

Flutter and Wow Measure ments 

The mCllJ'UI't'ment of flutter 1I11d wow 
of klpe l'(>Corcl(,NI, both audio :md dal:l. 
or of turntuhll'S, I,. pOAAiblc with thc 
setup shown ill Fi/"'lJrC 11 . 'nlC OSI'i!httor 
fraqu{,llcy i" IISlIfl ll .\· :"Ill industry ;stand­
ard, t.(J .. :J k(' fo r audio ref'ortier:". 'I'll(' 
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~ GENEIIA~ IIAO I O EX P ER IMENTER " 
H"£ l~jD'C -- TYPE I~~. ·. 

00 r O$Clu. ATOR 
I 

-, 
np[ ".!_. 

r -lP ' S~~B~.I.T~.,D 

Fill.... II. Equ lp _ 
... . nt n ""p fo. th . 
mo."u.omon'.' 1'1,,1 _ 
, . . ond "".w In 
. u o.ding d.~l c ... 

SK<.~O(c r- , 
'''tQU(NCY 

L'UEIIJ .""lYZE" 0lIl ~m~ TAI'~ R(COOtO(II , M[Ttl! 
SrAIClAItD TUf ... -- TYPE 1:l-5· • : ,j,' 011 TlRN' ... 1U 
~~ 

~.;.~- , 
i I»S~TOII ..... vt 

.~.lYZVI J 

r~IGH 
"""SS ",,"5S 

high- ll11d low-pass filters pr(>('cdiug the 
T""t~ 1112-A FrC<lu('ul'." I\ l ol<.'\' HILt! Dis­
criminator mny or may 1101. be IIC1.·('l).'Ollry. 
The furll'tiol1 of the hip:h-pa .... '\ filter is 
to attenuate the Jow-frequent'Y hum 
l'ornpOllt'lIls f]'om the fel'ordcr :unplilicrs 
so that they will not. J,!;l'llenHC ill\~' fm in 
the rr~plt' Il('Y meter; the low-pnss filter 
is included to allClIlilltc the bias s i~IKd 

oftcn pre-;('HI at tile output tl'r1lliuuig 
of a lhrN'-hcnd lave ['('Corder I\'hen 
n~'ordin~ find play back are OI'turring 
sjmllJtancou~\.v. The low-pass filter fol­
lowin~ the frequenc), meter may not 
he nC('C;';"":L ry when dal:l r(!('Qnlcrs :Ire 
I~in,!!; Il.'.-.I('d , l'i nl'(' Ihl' intern:ll IO-h 
filter of tht' fmqucllt','" meter i ~ u;;uall~' 
:Idcqu:H(' whell II ('HITier of 50 h (}1' 100 
Iw is Ust'fi. 

\\llil(' :\ II· ide-hand rills volt01('I('I" wilh 
the appro]>I':lte low-p:l!'..'! lilll'l" (300 
cydcs fo r audio rt'('OrdCI"A, 5 kt' 01' 10 
k(' for dab re<'ordNs) will give the total 
flutter u nd wow It'vt' i, 1\ Wflve anal yzer 
ind;c':It(''i ~1X'f..'ific fn '(llIency components 
nlloll"inp: on(l to pinpoint dilwtly till' 
!;Du rec of the majO!· nuller ('oIllIWTlenl.$. 
For eX:1mple, FiJ.,'l.ltC 12 is fl ll :1utomlltic 
plot of flutter of :111 :ludio tape r('(·orci('r 
made with the usc of the 'rYl'~; 15.5-l-A 
Sound and Vinr.1tion An:l lyzer ( lull!lhle 
from 2.5 c)"d~ to 2;i kc- ) eOlll>INI to the 
Tn>g 1521-.·\ Graphic Level Recorder. 
Peak flutte r t ompolUm1 iS a rc produced 
not only fi t power ~nppl ,'" fn!(IUelwil'S 
hut also :1t fr{'(III(,lwies din.'Ctlr re­
lated to motor l! IX·('t1. capst all ilpecd, 
idle r :;pccd, etc. 

AlIlomntic plots like thut of Filo!;l1rc 
12 ("an be m:ldc o\'el" [\ freclllcncy mugc 
of 20 l"yc1e~ to 25 kc. The response of the 
Graphi(· 1..('\"('1 BC('ortler <ll"OpS ofT hclolV 
20 (·'ydes so th:\t h:unl-plot 1 ing is IlCC·cs­
sary a t lower frt'tll1(J ll ci('~. 

Other Uses 

Sill(·e the frequency meter generates 
a :-;!nnd:.mliz('(1 pu lse for eur-h input 
l'yt"if', it follows lhat it will mC!lSure the 
al'er.J.!!;c of tl fT"(.'(IUell('y that. is cha n::dng 
e\'('n if it i ~ :'1)('riodi(' or rand onl. T his 
flit"! is made Il~ of in produdion testing 
of the Tn.; 1300-A Be:lt.- Fn.'<IUCII(·Y 
Video Genel"tltor. T o cali brate Ihe 
,,11·ccp·frcquency cireuit.!~, t he I>cak dc\· i~ 

ntion with "jllc WfINe !i1l"(X'P is set 10 1 
:\ 1(' hy mC:l!m rement. of lhe average oul.­
IJUt £r('(lll(·n(' ..... Sill('c the !lVCnlp:e of :\. 
sine wave is .63(1 of Ix'ak, 1 he fre{flLl'H(·Y 
i." adjui;tt,<l fOl' II frequeuey melt'!" indica.­
lioll of ('.3(\ kc. 

It i;,; also apparelll th!l! signals to he 
l"0l1nte<1 may b<' d cri\'cd from ;;im ple 
pl,otoecil del·ice", tachometers, geigt'!" 
tuh('", m:l;wl' li (· pirkup", o r tmy other 
lr:m.:thIC't'!"S l·apah1e of ~t1ppl.\'ing f\ 30-
n1\" I>cak ~i/.!.n:tl. 

- CO:sT .... G. Cm'roul{,\S 

Note 

The clcI'e\ opment of the T Yi>f: 1112-A 
F'rt"lllCIW.\" !\ Iptcr :,,,d Di&·rimil,nlor 
w:I"l":LI" riC(1 ou t b~' ,\l r. ChitOl1l·:I.~. Il . 'V. 
Fm"k contr;hul(~1 lo the eMly d ('f; ign 
aud the I)rojl't't Wfu; din. ... ·led h.I' ~1. C. 
lI ollje. EDI 'I'on 
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" JA,NUI>.R Y .FEBItUARY, 1961 

, I Fill"' . 12. Aulomol;c 
plo. o f lI"ne' in an 
Dudlo tape recordar, 
mod e with th e 
eq"ipme nl l hown in 
Figur. 11. A ... _ 
'panse o f - 60 db 
cOIT .. ponch 10" fra _ 
q .. . ncy d e vl"lIon of 
0. 1% of th e ' 81 ' 

-50 • - . ...... -- ._.-. • • • • . --

fT. quene,/,. 

..... ~ .... 
~~C>O'DT~ 

, > ,>,OT", .. 

:II ... ~oo .. 
-00 f-'--~If-- 1 " '----+-f-+ 

,., 
FREQUENCY (CI\I' 

SPECIFICATIONS 

Rongo: 3 rps to l..'i 1\ 1" ill five <il.'("!ldc rllllj(l"'. 
Full-,;('ule vuluca nrc 150 ep.', Ui kr , IS k.", 
150 k,', ,'ml 1.5 :'I II', !\ ",,!ihmINI in l cq)(~ ,'tiQn 
({"'WI'(! t.'lToctivcly cXl)Und~ UlC nwtcr ~t'ldc by 
II f:wtur of 10 80 that 1 10 of II.UV of I ilc "l\O\'c 
r:\I\j.."!'S ['over" the full meIer ~(·a !C. 
Au".ac,/, : 

Het"Qrd('T 01lt;mt CUrrt'n l: 0.05"; of full ~('"Ie 
+.O!i"; of ff!"d ing, Iwlo\\' 15 k,', 0 . 1% of full 
~"'''' I e +0.1 ('r of rending, ahuve 15 h. 

:'. I('\{'f F.rror: 
Dire<·t Illwlil\!.:: 1'1 of I'(.,.."j,,!,; :~h,lVC lOr:.;, 

.)f ful! S('It\e (0.1' Ie uf full sell\(' bdow 10'1. of 
flill S(·;lle). 

Intcq~()!atiJlg; 0.1'1 of full ",·"Ic (rall li:c 
8witch .-cHiug). 

Lin(' \'()Itl\~: V'lri:llioll.8 of ±IO'} I'roduf'e 
"I'IJr"~imatdy :l ±O.]51'"~ "h" " lI:c in 1"l·"."iulZ 
]Joe ow 150 k(· :llId ± I ('~ IIbo\'~' 1!;O k,·. 

T(·ml}l"·,, tUrt' ; ] )rift nrh~r a few mill \l 1<~ i~ 
It,,,,, Ihan 0.2f r of rcadillJ(, ~ lIl.~I" " ti,,II.\· 
("QllIplct(· withiu 30 minute:<. 

()vpr-"III\{"('unl,·.\· is t he ~um of l ilt' re('ul~I('r 
'Jlltpul Cllrrent error :",,1 :111)' {If Ih(· :.I)()I'*'l 
applit-nhh' ('tI"(JNl. 

C .. Ubr .. ,ion : I,,\('tlwl c:llihmlinll a t I\\'; (~ ' Iii,,' 
frequctH'.V to ~laudnl",li~(' output ,'urtCII\' 

Sln oi'lvl'.,. : 20 mv, rm >l, fill' rl'(·qU<·I ... ie~ 1,,'111("-'11 
20 cps Hnd 1[.0 kP, ri~i lJ g 10 20e) IIlV lit 3 ,.p~ aud 
\.i) :\IP. ]>('ak-t()-p(~,k voltall:" req ll il'\'Il Il'n1~ f(1t 

11II1~e all' \ s ine "':We i!\ !, lIt~ :1.1'<' Ilppm xirn:lte\y 
!'flw.I, ('x"epl for ('.~ In'tnd.l" ~horl IIIII"<.'!!. [ n!Jllt 
pull«· will lh .• of the ordt'r of " n"lIo'"" ..... OIlt! Illily 
I"(."qllin"'~ 11111(,1, :\.s 5 vol,_, 
M .. ximum Inpul V .. lt .. ge: 400-v peak. 

Inpu' Imp. d"nc . : 100 000 oh!TI~ dropping tl) " 

milllrnulll (If I 0,000 ollln~ "hove 15() ke, 

Dlurlmln"'''' Ch ..... d • • hll .. : 

OutPlit Vo\tllge: 15 v dc full ~c.'1lc (1.5), 
illl tflllb'C~. 

He~it.ll\!l[ (m :\'oi~e; :'I 1ore than 100 dh h('low 
fu l! output (pri lMrilv f,() ,~nd 12'0 ('I)~)' :'I !eu ...... 
u r('<l with n ,mrrow_f,:, ur! w:we nlla }'7.er, Slich 
1I5 lhe T n'!'.: 73(;...A, /"C.- idunl Iloi:!t' Mother 
frl..>(IU'''II(·ic~ is !TIore lllllll 120 .tb d01l'1I from 
full output. 

Li!uwity: 0.05 '10 of full !>('1I1e (Hi v) +0.0[,0:1,­
of output VO[(.:II(I:, 1,('[0"' 15 k('. O.I C'o of full 
>It·lI1e. (15 v) + 0.1 % of outpu l vo[tngc, above 
15 k(" 

R.cord e r Outpull 

Dil"("l"I: Output ClIrTt·"t urlju;;llIhlc to ([rivp 
rccott\(·rs from l-ma (3000 ohm~, max) to 5-mn 
/200 "hllli, max). 

Inlt: rpobte: Ful!-!!Cu\" volt.:o.ge ,6·' v I)()hilld 
1800 ohms. 

Tub. " One flAWS. one iiUS7, lint! H .\~5, three 
.'jf)j;.'}, one \lA \'50A, o"e 5651. 

A<c . no.ies Su pplied : Tn'.; CAP-22 Power 
Cor,l, sIJafl) fu.~·~. 

P ...... . . Supply: 10 ..... 125 (<11'210-250) \'olt ~, 5(} to 
GO elk'. Thill in~ l rum('nt ",ill i.hlO operate nt [inc 
frcqueudcs "1' to 400 cps, 

Dim. nol .. n" Panel" 12 x i)l.{ indles (305 x 
13b mm); depth lll·bind prlll('[, 10!-:( inehcs 
(265 mm). 

N. l W.lght: Hi pOIl", I~ /7.3 k!( l, 

---,.i7f""'P~'-----.<=CCCCCC,","=-::",":O:O::;O'-----------'-CC:"':", '"';,'"~N:' __ -, __ -,';'"'Ci"'ic.,-__ 
1142_A I F •• qu . ncy M.,., .. nd Oionimin .. lor . \1A0i1' $495,00 
480,P_3 1'2 P"n. 1 h l.noi .. n o for Re lay Rack (pair) ~rt:IH1' 6 .50 
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GENERAL RADIO EXPERIMENTER " 
THE MANAGEMENT COMMITTEE 

Tho opcnltion of the General Hnuio opcnHing committees each compo:';('d of 
Company is the responsibility of the those most directly concerned with the 
Mnnagement. Committee, whose mem­

bers are the heads of the functionnl 
openHing groups of thc Company, The 
committee form of m:Ulagemcnt, which 

has been in operation at Geneml Hadio 
fOl' \\'1'11 o\'er 20 yea rs , ha:':!, we feel, 
resultl,<l ill bet ter decisions beingrenched 
illld fL belter-nm organization thll1l would 
be pos...;ible fOl' \ll; with an,Y othcr t,l'pC 

of management. 

There are, as well, a number of other 

maltens indif'aled by the commit1('c 
titles, Among these lire: .Vew r)r()dud.~ 

for detcrmining our program of future 
dCI'clopments, .1I anufacJ!lrillg for toor­

dinating Pl'OdUclioll activities, PCO<OII/U{ 

for admini"tcrillg pel':ronnc1 prO!,!:n!IIl:;', 

DCI'Clopll/cu/ for enginccring dcp!lrtmcnt 
opera! ion:':!, Schedulil/g 1'01' detennininl!,: 
pl'Oduetion I'Cquirement!> and for pri('l' 
.setling, :Iml ,'u/mi for dealiul!: II il h 

patcnt, li('ellsc, and trademark Inattcr>o, 

(hit,., rilll.l) law,. n •• E, P.,,'on, r ..... ",.,; A<lhu, E, Thlunn, CJ.oirma~ of 1M 8oort1; John 0, Qua.ke nbo ., 
Sec,.tory, Cha,l .. T, Burke, o;,.era, of PIomtiJOf/; Myron T, Smllh. o;,.elor aI Sol .. , I"an G. Ea.'an, Vic.· 
P' .... nl f<H Enfli".ering; Harald M. WII.an, Vic.·Presidenl f<H M .... ufe><:I"ring; Donald 8, S;nclo;r, bec",ive 
Vic •• Protidon, otOd T.cMlca' Oi,.clor; Charles C, Carey, P,.sicle~l .... d C ............ of 1M ~.,".nl Com",i,,.., 
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" JANUAR Y.fEBR UAItY, 1961 

TESTING OF SOLID-STATE DIODES 
AT 100 MEGACYCLES 

One of thc bai'if' mcasurcmcnt1i 1"(. ... 

quired in the m~lIllifildurt· of i'lQl id-:-;tatt' 
diodc_~ i" the determintltion of Ihe 
rl,(,tifil'lltioll efficien{·y. J.\;\ :;pe<:ified 
proc'f'durc~ ('all for a 1000~lc signal to 
IX' fed tl)l'ou~h the dio(h· into a pre­
tiCl·il)('<! RC load. The I'll"ultiug lOad 
voltllJ.:C i" II nW!l~lIrc of the rctt.ific:l!ioll 
effi('jellty. 

Hhcem SemieomhlC'lor Corpor:ltioll, 
). Iountain ncw, California, thoroughly 
~ludit.Jd va riou:. tll{'thod$ of makill.l!: t ilt, 
I'CClllired tc.;:t umi dc\'{'\op('<.1 nn a~mhl.\· 

thut permits t he 1('!'linJ.!;-sul' ting pf(,)('(':-~ 

to 1)(' li('tomplislu'(l (II :l mle l\ppro:whinJ( 
OIU' ('I'nTI potlent per R'I:ond. The rc",;ulliuIL 
~."l<telll 11,:(''' II (;('II('r:d Ibdio '1\ I'~; 

121:}.-B l -nit OS\.,.1I1l1or ali the 1(lO·}.I ,· 

[,OUI'(;l', in l'onjurwl ion \I"ith :L Tn'E 
121;:1-.\ .\mpliILld('- llc~lIl:itillg 1)011"('1' 
~upplr. This l'orniJinllliOIi of ill:-tr'u-
111(>11\>1 fl('l'mit;;; a l'QII"tant vollag(' ampli­
tUcll' to II(.> :I\'ailable at the tf'bt. \('rlllillal,~ 
rcgardll',ss of nny load v:l ri:ltioll:O; dne to 
illliividlmi diode (·harat'ter;"t ies. The 
TYI'~: 87·1-\'Q Voltlllelt'r DctCt'tor and 
1"n'b 87 I-VI Vollm('I.CI' Indicator flrc 
n~"ti to make tIll' ;n;\;:11 vo!ta)!:C'-lc\'el 
:-I'll iuJ,!:, 

.\ I'nmpif'te> \(·~t ~,t. ('omprit'l ug thc:«' 

.~ 

" .. ,,. ... "" ,., 

·",'e ......-,-,_.--"-"-"-,--ce,;'._ 
., ..... .... - /. 
"". '''''. --.. 

i11>,t nlnU'llt s hfLI'II'JC(.'ll dc,.a/;!'1loo by Ilh('('m 
cllll;iueer.-. aut! ;s ~hOWll ;n upcl"alioll in 
the photogrnph 011 the front {'lI\('r 
of ]hib L"':'U(" 

,\uolhcr produC'tioll-tCi>t sySt('nL incur­
poru ting the 1'\:1111(' types of G('u('I'fli 
Radio ('qlLipmcnt mCILSU1'C" lilt' t rl\ll"fl'I' 
(' lIrl'eut ra I ill (h/~) of I r:lIL"iI>t 01';;, Tbi ... 
a:<"..;{'lIlbly mukes ('xteu:'3i\'e U~ of Tn'.: 
Sit Ad:LptOr:,. , ,\ir Lineb, and Tee" to 
tninimiz<' VSWIl, The le."t jiK lI,.;eti i" :1 

tnoilifiNI TYPE 1607- P I02 GrOlllldt'(\­
l;:m;\t<'I' 'I'rn u"i"tol' :\ IOlillt II'h il'l! IWI'­
l11il 1i Ilia" \'oh~ t l!:cl$ to he :lpplit'C.1 10 the 
Iransil;tul', AIL rf voltmeter' ;n<li(':II(',. tht· 
1l1{,!t:<u!'('(1 t r:lll:<fer (' lLrrcnl ral io, • \ " wil h 
the rl'<'Iifk:ttion ('Ilit"iem'," tbt, "1)('(<(1 of 
tlli,. produ{"t.iolL me:blLl'cmCIlt. i.s 11:1,'-('(1 
011 the rllpidit.y of meter n.~pOlL"C, 

H\W{'1H :Ibo p<'rform" ,.;everal te,,,t ... to 
determiLl(' diode> I'<"l'o\'el'~' lime. Itl thl' 
,.,",.tem" ('oJl('crul'd, ('olJsider'ahle u»<' i~ 

1l1:lrI(' of TYI'E S71 ('o:lxi:li l ' nit,. dllt.' 

to thc nhilil," of t he r~;d !'IiI' lill(':< to 
rrmintain ,,1(>('1' pub(' W3VC front:< , 

Sinl'C Hhc"111 m:Lkc~ 100('-0 I (>~L" of 
\.llI-ir ,~olid- :,;t:Lt(' dcvil'tl";, the rapid ami 
11;linhi(' Jlwt IL(MI" IIC1iI'rih,xi ha\'{' ellalllt«1 
10\\(>r ('o,.t:. to 1)(' tl/;.signt'(l to thl'ir 
'IWtlity ('olltroi prOKr:tlll. 

... r __________________________ ,. ________ c==r--.-.,'""" ",,,,,,,, ... 
-" .-. 

Block d iug' ..... .. f th •••• m'L . .. tI .. " Uflcl."~y r .. ,., 
uu d b y Rh .. ... S .... I ... "du<lo. C"'p .. , .. UO". 
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~ GUUIl.l.l RADIO EXI'ERIMENTER " 
INSTRUCTION MANUALS 
IN OTHER LANGUAGES 

To a~1. ... t our cu,;tomers with the 
operation of GR pr('(:h.ion m('n ... ~uriJlK in· 
strumcnL"I, our l'('pr<'N'ntativ("~ :lhrQ:.l(1 
arc pr(' lm ring tech nicul puhlim lion,; in 
vMious I:UlgUt1g~. The la l(':-Il additions 
ulf'ludr an opt'rating mUllual III FI'(.'IIch 
for tlw TWE Jti50-.\ impcdrul('(' Brid~('. 

Till' Illallual is to he u:-{'(i in ,'oHjlllu,tion 
with the Enp:\i"h-hlnguaJ!;(' t'tlition of the 
Op('r:tllIIJ,!; IIblru{'t ions for thi" in"! nlll\('llt 

and is tlvlI ilable from OUf ('x(,hasn't' 
I't'Pt'('o«'lllatin~ in Fmw'{', E,,;, Radio­
phon, 118 .-hclluc \lulukofT, P:lris lfi, 
r mllCC. 

Condcn!«1 ol>cratillg in.-;tnJetions in 
Gcml:\Il have I)('('n prt'l}llml for ihc 
Tn'lS 1551-U Hound-Level 'Ieler for 
separate u:-:c or fo r u;;c in ('onjunl'tion 
wit h the EIIJI;l i"h·]:lngU:1.1'f' edi tion, The.sc 
arc uVlI ilablC' from oLir ewlusi\'C' rep­
re:-elltat ives in (;Ntn:lIlY. Dr.-lnJ!;. G. 
XlICMleili. D<x-rnigwc,C!; ti, Ettlin!!cn/ 
I{url"mll(', G('rmllIlY. 

Wc Ilrt' S;1Ir(' thut II\('-.{' tr3u.slation-s, 
fu.; well tI.:! the 1 ~lliall, Frell("h. \,cnnull, 
find Spalli",h ah.str:U"ls of the regular 
Erprrillu 1111 r i"'~tI('s, \\ilI he II \'aluable a id 
to GcnC'ral Hadin's Q\·('I"';Ctl." ('l!,.;lorncrs. 

NEW NAM E FOR ISRAELI REPRESENTATIVE 
En .. troni('.s, Ltd., is the nt'\\ Illlme of the Geller:1i Hadio repre,;entuth'e iu 

1-I1U'1. pr('\'iou~ly i .. 'lnd-.{':\.-; E:1~U'rn C'orpor:.Ilion . . \11 illquirip..; in J..11U'1 rew,lftling ....... 
(;('111'1':1\ Ibdio prodlll't>i .shou ld be IIddl"('>oo'('(\ to: 

EASTRONICS, LiD. 
22 Man Slreel, P. O. B. 2554 

Te l Aviv , hrael 

GENERAL RADIO INSTRUMENTS Will BE DISPLAYED 
AI the following International hhibitions during the flr st six month s of 1961 

Utrecht Industrial Fair - Holland, March 13-22 
Exhibited by: T l'dlll i,.;(,"he \ 'erkoopkantoor CnK'npo\ 

Sydn ey IRE Show - Australia, March 20-25, exhibited by: Insjl'Ulll{'lltfi Ply" Ltd . 

Milan Fair - Itoly, April 12-26, exhibi/rd by: Ing. S. & Dr. Guido Bclotti 

Tokyo Inte rnationa l Trade Fair - Japon , April 17-May 7 
Exlu'bit('d by: .\lidoriya Electric Co., Ltd. 

National Industri es Production Show - Toronto, Canada, Ma y 8-12 
Exhibited by. Gpnerni Radio Compnny 

M. sucora 61-Poris, Fro"ce, May 9-17, erhibit('d blJ: Et:s. Hadiopholl 

General Radio Company 

... ::, ... 

, 
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