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MODULATlO, i\IEASUREMENTS 0_ 

BROADCAST TRANSMITTERS 

'1Jy \V. N. TUTTJ.E* 

I N radio broudca.'Iling. much atten­
tion hus been gi\'t~n recently 10 the 
problem or obtaining high I)('f(.'('nt ­

age modulatiOIl or the transmitter out· 
put. The broadcasting 
stations were Iir",L inter­
ested ill employing high 
modulation l)('Cliuse of 
tbe greater nrel~ which 
can be served with t11<:­
sallle output power. 
If a ccrtnin area Clln be 
covered erTectively with 
high power and low 
percentage modultttioll. 
it cnll be covered just 
as effectively with less 
power and higber per­
centage modulation. In additioll, the 
int('rfcreoce cllu>.C(1 will be "l'r," much 
less. Federal regulations IlOW rcquit'(' 
Lhnl the second of these llitcrnalj\'cs 
be employed. 

It is a. com plicated technicul problem 
to obtain high percentage modulation 
without distortion, Jt is made still more 
difficult by the ract that the trllns­
miller must. simultaneously snt.isr;r 

,... certaiu efficiency requirements. 
Most. or the problems o( d('sign have 
- F;ngine6, G~n~rat Radio Company. 

I.)('en sa tisFactorily soh-cd. but due to 
the criticalness of the requirements. 
rath('r slight mismljustmcnts of the 
lmnsmitter have a mllrked effect Oil 

the quality or the lIlodu­
lnted output. The use of 
high percentage modu­
lation means tlmt eyell 
with the best modern 
tr:lII<;Jllitters it is neces­
SM." to Tnuke tests on 
the modulated output 
to make certain that 
the best adjustment is 
mnintained. 

Modulation tests are 
needed not only to check 
the transmitter adjust­

ment. but also to determine the maxi­
mum modulation which may be em­
ployed without distortion and, finally, 
to insure that the modulation stays 
witllin the required limits during the 
Lr:lIIsmission or a program. Attention 
hilS consequeut1y been rocused on the 
various methods Ilvailable (or modu­
Ililion testing. 

J...et us eOl}sjder t.he measurement of 
percentage modulation in the simple 
ease where the transmitter is operating 
properly and the signal is nol distorted. 
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Under these circumstances, if the 
transmitter is modulated by a pure 
tone, the envelope of the radio-fre­
quency wave wiD also be si nusoidal. 
Example 1 of Figure 1 s]IOWS this case. 
The pe rcentage of modulation is the 
percentage hy which the peaks of the 
enn~lope de\-iate from t he avcrage 
t'IlVciOIK' vnlue. Tilis is the ra tio pI .!! 
or II / A exprt'ssed in pcr cent. 

For the pu rtleli lar ense of a perfectly 
operating t rnnsmitter, it is not II diffi­
C'ultlll a lter to make It radio-Cr(!(IUelley 
measurt."1l1Cll t of this ratio.1 Under these 
idcH I conditions, the Ilvcrilgc ellvcloJ:~ 
value .1 is the same as the ullmodulated 
r:lrrier runplitude C. The qualltities A 
nnd (:I + p) [lrC thcrdorc t he "lllllCS of 
the peak rad io-frequency \'oltn~e be­
fo re and :lft er the signul is modulated. 
"'rom till'S<' two quantities mcnsu red by 
means of a pellk "oltmeter tbe l>erccnt­
IIge of modulation is reudi ly computed. 
This methoc.l is \'cry IIsdul where the 
percentage modulation elllplo~'ed is 
not high, but is subjc-ctto serious errors 
in cases encountered in prescnt-day 
broadcasting. 

This method is perfectly SIl ti ~fadory 
only a ~ long as the assumptions upon 
which it is based nrc \'a lid . It I;; there­
fore accurate only for transmitters 
which nrc in perfed adjuslmcllt and for 
which the lX'rcentub'C mociulntion is 
1>llfeh ' Ix-Io\\' the a llowahle limit. This 
rneU;O(I is consequently of li tt le usc in 
diagnosing misadjustrncnts of the 
transmitter. 

Examples 11 , 111, and 1\' are cases 
where tile metiu)(1 ju.-;t described is not 
applicable. It is set'n tlHlt t he 3\'crage 
\'al lie of the clI\'eloJll' is not equRI to the 
1I.nJplitutle of the tlllllloduiate(\ ellrrier, 
nnd the devialions, p and fI, of the 
l>eak~ from the average are not in gen­
eral equal. It is (',·idenl !hnt in t hese 

1 c. n . Jolliffe, "The L'8eor the Electron Tube 
I'eak "oltmetn- ror tbe :\leAlun'meDtoi :\Iodula­
lion," P,oeudi"V' oflhe I. U. E., \'01. 11, Xo. 4, 
.\!'Irll. 1m, 61)0-60.'. 

eases no single quantity ean describe 
the modulation . To describe these 
cases, we net.'-d to know p/ A and n/ A 
independent ly, !lnd also the lunount by 
which A difTers from C. 

A detlliled oscillographic st udy has 
been almost the onl,y means of getting 
this infomlatiOIl. I t r('(luires skill and 
time, howe\'er, to make such an im'csti­
galion. Photogra phs must usually be 
taken if llC<'urnte 1l11lllcriell l va lues are 

II 

III 

rv 

FIGIffl£ I , }-'our oon\'entionlil 1'CJ)~ntatiOD! or 
InOOullltal-urrier envelopes ~ho .... ing that the 
'\'e",~ ampl itude A during modulation i.t not 
nooessarily equal to the amplitude of the 1m-

IDodulllted carrier C 
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t(l h(' ohtaincd , or if fl permancnt rccord 
i'l desired. Wh ile these cOtll'iderations 
do /lot detract from the "alue of an 
OSCiIIOI:,'Trtph for sudl purposes liS mak­
ing a com plctc s tudy of the operation of 
It flew traul'rnitlcl', the.," 410 iml iCll le 

• 
~f---L 
~'----'-----'T"'._''-t' 

li '{llIU; ::/. \'ullage ddh'ereo,l to the llenk volt­
nUller RunlY1inlt cir"uit iF the ellrrier of Exalllple. 
I, F~"re I, "'ere Hpplied (.oj the '"llUt termiw,i .. 

of ll,t' niodulliliollillcter 

that some mot·c con,'{'nielit instrument 
is needcd forobt:l.ining modulatiOlI d:lta. 

The instrument to be disclLSS<.-o h';\,cS 
directly :Hld lIumerically a description 
or thc modulated output of a trans­
miller, 1t :tnal;rzcs:t modulated wave­
form wi UlOut refercllce to the charac­
teristics of the transmit ter producing 
the signal. The rutios pi A lUHJ 1I / .d nrc 
gin'n by dial readings. so that 110 com~ 
putatioll is nC(,'CSSll.ry. Thc percentage 
b,'- wh ich A dcviates from C may nlso 
rendily be. determined, 

The quantit ies pi A and 1I / A will be 
ca lled lxnifil'e-peak modulation and 
11f'y{/lil'f~-pe(lI,' modI/ttl/ion, respectivcly. 
The best single quantity to describe 
percentage mod ubt ion is thellverage of 
the positi .... c-pellk modulation !llld the 
negati,'e-pcak modulation abovc de­
fined. It is this avcrage modulation 
which is defined b." the Committee Oil 
Standnrdizntioll of UIC I nstitute of 

U:ulio Engineers ~ as tl,c pcrccnhlbre 
rnOO ulntioll. 

The elel.llents of the 'I'H' ~: 451-,\ 
Modul;tlion Metcr arc shO\\"ll in "Figure 
2. The \"oltnge to be anlllyzc<1 (usually 
most cOll\"enicntly obttlined by mellllS 
of H small pickup induclor coupled to 
UIC output circuit of the transmitter) is 
npplied to :t ljnea r r<'Ctifier. Thc low­
frequcilcy components of the f('e tifier 
ou tput Hrc :lIlHlyzed by n sr)('eial type of 
vHeuulH-tube pcnk voltmeter. In Dr. 
Jolliffc's method which was just de· 
scribed _ the pctlk "oltlilcter mcnsurt's 
thc radio·frequcilcy "oltagc directly, In 
t his in strlll ncnt. hOIl'!!ver, the peak 
volt meter :wnlyzes the output of a 
reclifier, The interposition of tlte f('cti· 
lier makes it possible to obscn 'e the 
minimum value of the em'elopc as well 
as the maximum vn lue. 

Since the rectifier is designed to be 
liuear 3 in its characleristics, the output. 
,'oltage, after the radio-frequency COIll­
ponents have becn removed by the 
filter. will be a rcplica of one-ha lf of the 
envelope of the applied modulated 
vol tag!!, 

I II other words, if Ule voltage li t Ute 
input termillals is of the form shown in 
Examplc J of Figure I, the ,'oltage 
ncross the load resistancc will be that 
shown in Figure 3. Tbe problem of 
measuring percenta ge modulat.ion has 
thus been reduced to thc compafllLi,'cly 
simple problem of measuring thc t.wo 
p<!llk yalues of a 10w-ffC(luency vollage 
relali,'c to 1t direct-currcnt , 'oltngc. 

t " earbook of the I. n. E.. 1D'19, V. 55. 
I Stuart Bnllnutiue, " Detection li t 11 igl, Signal 

\"ohagcs." I'rt>credi"IJ' oj Ilt c f . n . fJ., Vol. 17. 
No, 7. J uly. 1{l~!J, 1157, 
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The npparatus in .Figure 2 to the right 
of the load resist.'\lJcc is for the purpose 
of makillgdirtct Ulctlsuremcnts of these 
ratios. 

This part of the appnratus is shown 
ill Figure 4. A lwo-clement rectifier V 
is COIllIC(:ted across the 10lld resistam..'e 
in series wilh the gah'anomeler G and 
all adjustable dircct-currcut voltage 
which OPl)()ses the envelope voltage of 
Figure 9. This opposing voltllb'C is ob­
tained froID the battery E and the 
voltage divider P. 

The hel\rt or the peak ,'oltmcler is 
the tube D in which the plate current, 
as indicated by the gah'anometer 0, 
flows ooly when the plate is positive 
with respeet to the fill\ment. The tube 
is used to determine when the oJlpo.~ il1g 
voltage has been made eq ual to the 
peak voltage of the ellyelopc. 

When, therefore, tile reversing switch 
S is thrown to the left. there wiU be a 
galvanometer deBcction when the volt­
age across lermiotlls 1 lIud £ beeotnes 
positive. With switch S reversed, the 
plate aud filament connections nre 
interchanged, and a deflection will no\\' 
take place wben the volttlge across ter­
minals 1 tlnd f becomes negative. The 
yalues or the opposing voltage at which 
the galvanometer just begins to deOed 
for the t.wo positions or t.he switch S 
will be the t.wo voltnges VI and V: 

LOAD 
RESISTANCE 

"howu in }'igure S. In a modulatioll 
meter de"ised by van c1er Pol and 
Po~thumus,t t ileS(" t.wo voltages fire 
mcasured on fI dircet-ellfl'l"llt volt.meter 
connected aCrQ"s tht! voltage divider P 
and the fril ctiouill modulat.ion m oh­
taiuCc.i from the cxprc .. ~ion 

I 'I- V! p n m----.,.-- - · - 1'1+ '" A-A 
In the TnE '~ 57·A Modu lation 

Meter things ilre llrrllllged SO that 111, 

expressed ill per cent., may be read 
directly on a dia l wbieh is att.uched to 
the voltage di" ider P. This is aCCOIll­

plished by means of Il preliminary 
direct-currcnt balance in which tile 
peak voltmcler is cut out of circuit. A 
null reading or the galvanometer /l OW 

indicat.cs that. the direct-current \'Olt­
nb"C aero the load resistance is e{IO nl to 
the potentiometer voltage. 

The inpot radio-frequency volttlge is 
adjusted so thnltbe voltab'C A ill Fi~ure 
S is equal to the voltage across 100 divi· 
sions of tile dial on the voltage divider 
P. The lIero point or the dial is then 
llutomatically at voltage A. and fur­
thermore, the voll.nges p and It rend on 
lhe dial on either side of the zero point 
will be expressed in per cent. or . 1. 

• B. \'an der 1'01 and K. l'os;thumuJ. " Tele­
phone T ransmilter Modulation Mt"aSurtti at the 
Ikoeiving StsliQn," E.cIICrimell/ai Wi,dul, .1. 
Ma.rch, 1 ~7, pp. 10&0-141. 

D 

[ 

.'IOU!l.£ ". Essential element. 01 lite peak-voltmeter circuit 
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n ill IV 
FlOUliE 5. Cathode-ray osciUogrllllls mftue on 11 modern oommercial broadcast traruruitter for different 
,·.Iue.~ of percentage modulalion. Uorizonu.1 deflections were due to the siue-wllve lOoolllating voltage, 

I'ertical denecliOll5 to the mrrier envelope 

This important preliminary balance 
thus serves the dual purpose of mll.king 
the instrument Jirecl-rending in per­
centage modulation Ilnd or enabl ing 
posilive-peak moouintion and nega­
tive-peak modulation to be detcrmined 
independently. 

The preliminary balance CIIIl not be 
made exactly as described above, be­
cause the direct-current balance cir­
cuit would appreciably change the 
audio-frequency voltage applied to the 
linear rectifier. To avoid this difficulty 
the voltnge across only a very small 
rractioll or the load resistance is used to 
obtain balance. when thc adjustmcnt of 
the input. voltage is made. 

The new modulation meter makes 
a sufficiently detailed analysis or a 
modulated signal so that abnormal 
modulation may be detected. Helpful 
ill formation may also he obtained when 
adjustments oC the transmitter are be­
ing made. The maximum allowable 
modulation may be determined, and 
since the instrument is direct-reading, 
it is conven ient ror use in monitoring 
to see that the modulation limit is llot 
exceeded. 

In monitoring. the instrument may 
be cOllveniently used to give an indic..'\­
tion whenever a predetermined maxi­
mum percentage modulation is ex­
ceeded. For example. if the dial is set at 
50%, the galvo.uometer needle will 
remain stationury as long as the per-

centage of modulation is below this 
value. As soon us th is percentage is 
exceeded , however. there will be all 
abrupt deflection which is llpprox.i­
mately proportional to the excess mod­
ulation. The transmitter volume con­
trol mn.y therefore be turned up until 
the louder portions or sf>eech or music 
begin to ca use deflections of the gal­
vanometer. 

1t is interesting to compure the mod­
ulation-meter mellsurements with re­
sults obtained by means or a cuthode­
ray oscillograph. Figure 5 shows the 
patterns for the output of a modern 
transmitter for rour different percellt­
ab'Cs of modulation. The pure sinusoidal 
voltage used tQ modulate the trans­
mitter was connected to ooe pair of 
plates causillg defl ectiOLls along t.he 
horizontal axis. The signal \'oltage was 
connected to a linear rectifier, the out­
put of whieh was applied to the oLher 
pair of plates. Tbe patterns therdore 
show simultaneous values of the 'cn­
\'elope voltage and the modulating 
voltage. H both of these voltages are 
sinusoid al, a perfect ellipse or diagonal 
straight line is obtained. This is seen 
to be the ease in the first photograph. 
The distortion at higher percentages of 
modulation causes the ellipse to become 
increasingly deformed. as the other 
three photographs show. III all four 
pbotographs, tile horizontal axis is 
s]lOwn ror rererence. In III and IV. an 
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TARLE 

""0 TYI'I> IS7.'\ :l.loun .... TJQS :lh:TI:1I 

I',,~itin' I'eftkll 
NegaLi\"e l'eQ k~ 

CId!I I 

j I 
J 

CX p O:S ll rt:' lIas also made In locute the 
onlillat(' ('Orrcspollding to the un­
Itloduia!{-d carrier. 

~illC(' tht, maximum awl minimulIl 
c III'elope: \"ll. lu c.~ MC tli(" lop and bo ttom 
»oiJlL~ or Illl' pa tte-rll, the pNe('IIIIl.gt: 
modulation may r<'1Hli l.v 1)(' computed 
from til l- ordi n(\t(·~ mca ~url'ci on the 
phologmJlh ~. 

In tlu.' aCCOlllpHI1:oiu,I! tahle the value .. 
obtllilll.'rI rrOiIl lhc,osci1logrll ph patterns 
ilrt cOlllJ}Itr«1 with tho$(' Illcaliun.'{1 
directly {>II the nJOC"iulution meter. 
Sincc thl: c:trril'r llIay shift durin~ mOll· 
ululiou. the \'nlul'~ ,l!in'n at'(> rd('rN'f1 
to tI le 1I1lIHc)(lu l:tlcd ('arrier vQ1tn ~e C 
rather th1m to the a verage cllvdope 
"lIlue . 1. '1'1 1(- quantitic$ Lallulnl t'd /Ire, 
thcrcfol'{', the ratios PI (' ;\n<l /I C of 
Fi!\,urc :i, cx/,n'sscd in Jler et:nL 

The eheek is SI..,(' II 1.0 he q uite sHti,.,~ 
filet Dry , liS the errors ill tile oscillograph 
method nrc I' ro1:>.'Ibly ut h:ll.st as !,rr'Cllt Rli' 

c ... ., II C .. n lll CMC 'v 

706f 
100 Ie 

those in the !nod ulatiOIl-meter meas­
un.:mcnts, 

T he results sho\\' dearly lhn t fo r lhi lo 
adju~l lIlenl of til{' transmi ller the posi­
tiv(' peaks ('ut ofT considerflhlr before 
the uegati,'c pellks. I n elise .lY, hoth 
peaks arc Cll t off nlmosl eqlla lly but th e 
Iwcr:I/-(e en velope "alne A has f:.Jlcn 
considerllbly below the unmodulnLt'(l 
carrit' r "attlc C. Sillec the lIV('fH!,'(' ell­
velope \'nluc is I fie cnrrier " RILIe tlurin~ 
modulntioll , it is seen Ihut. the carrie r 
output decrt'tl.'O('s quite npJJrtociahly a l 
hij.!'h modulation. The ope ra tion or th i" 
trnn!<mitter was con~idl' ruhl.r imprm'CtI 
hy slight ly decTX'nsillg the carrier " oil· 
R/-(e Applied to lhe modulated :llIlplifier, 

These resulh indicate definitely thlll 
('vcn with high -quality modern trons­
mitters thcre is need for accurate lest· 
ing of the mod ulat ion ehnractcrist ics in 
order lImt suti ... rllctory ad just ment m(lr 
be maiutained , 

PRECISION FREQUENCY M EASUREMENTS 

13y J O li N D. CRAWFORD· 

SINCE enr1~' tllis year, tIle Uurl'lIl1 
or Standards has been sending 
rrom \V WV a wcckly Iligh· pre­

eisioll standard-frequency sclH...'t lulc i 

• Editor, (:t'fleF'ol Rwlio t:zpt'7imwtr. 
, TI1I ''-~lIli,",iolii nrc d J)f~ .... l beinfll;eut hQm 

I :SO to S:30 and from 8:00 10 10:00 P.IoI,. Eastern 
StoDd"rd Time, every l'uedtllly except thlll week 

at a rrequency or 5000,00 kilocycles 
per scoond (GO meters), 
("Mu,lIy tl,e \H~k of the 'Wth) in v.hlch the 
regular moutht,\' tMIIl ' miss.iolls ure scheduloo. 
Comillcle sl'illodulc<. lil'id-in l cn~ ity Jilts, Plld 
olhl'r ;nrornJII l ion li re flubli.-;hed ill Ihe PrlJfWd­
;JIg' of'"e J. R. t:. nml in both the iladio &rri« 
Bullnill nod thc Ttdtnirol N I'II" Build;" of tile 
1'lIi tcd Ststes Iftpll rtl1l(lntof ('olllmerce. 
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The preliminary nnnouncements of 
the scheJ ule issued by lhe Bureau of 
Standards slated that the trnnsmissions 
were "accurate to n. few parts in a 
million." Subsequent measurements by 
them and other observers indicate that 
this stability has beeu exceede<1 and 
that, in general, the signals are reliahle 
to within u part in u million. 

The !lew schedule alld the willinj,"ness 
of the Bureau to cooperate wilh ob­
servers in other laboratories arc par­
ticu larly helpful to those who arc main­
taiuing primary standan:ls of fr&IUency. 
We hase on several occasions reporLet..i 
our measurements on this standard­
fre<lueney transmission to the Bureau 
:01(1 have received from them state­
ments showing how the two siroul· 
t:lIlCQUS measurements compared. The 
ultimate universal standardization of 
frequency is thus brought one step 
nearer to realization by having 11 high ly 
stable test sib'nal upon which several 
laboratories can make simultaneous 
checks. International comparisons will 
lle possible, especially if the proposed 

A PART IN TEN MILLION 

......... --..,~. ,,-....... -
1'...-0 l "lll"S, eacl. gCllred to a frequency 
~wnrlani, "'ould, if the sumdntcb alfret'<! 
to on .. plIrt in len million, have rates of 
<peed which were equal to within one part 
in ten million. ]'wo such CIlt$ ('Quid trlwel 
2700 miles Ilnd be only 17.1 inches IIPllrt 

lit the end of the trip 

A corner of the Gelleml llndio frequency-slllntl­
ards jnooratory. T he stlltltlard-frequeucy II .... 
semblyat lhe eighl i~ u_1 ill gcneml t!xj>erimenlnl 
work; tile one next to it ~~ the primary slaml­
Krl.!, in terms of which the General !la,lio COlli. 
Ilany <loe~ 1111 il~ frequency ('lllibr;,tion lind 

ltlea~uremetll work 

one-kilowalt transmitter is iustalleJ. 
It is interesting to note, in this con­

nectiul1, that our measurements 011 

thcse standard-frequency t ransmissions 
luwe becn in ilgreement with those 
made by the Bureau of Standards to 
well witl.in one part in a million lind 
that several obser,,:Hions af,'l'eed to 
within one part in ten milliOI1. The true 
sib'11ificanee of so close a cheek between 
two illdepelldelltl ~' operated systems 
will probllbly be better appreciated ir 
we collstruct :1II illu~tratioll to show 
what is meant by ;'one part in len 
million. " 

Suppose. as suggested in the draw­
ing, we sta rt from San Francisco 
two automobi les. the \"Clocities or 
rates of speed of whieh are known to 
be &Iunl to within olle part in leu 
million. These two enrs could travel 
all the way to Boston, a distance of 
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approxilllately 2700 miles, and. at 
the elld of til e trip, one car would be 
only 17.1 inches alH'ud of the other. 

corrected time sib'lml,. of the U. S . ...-.. 
NavRI Ohservatory. In both systems. 
the working frequency of the qunrtz 
crystal is divided in speeiai cledrical 
circuits to a Yaluc suitable (or Ilclulilillg 

The primary standards ol>Cfnlcd hy 
tJle Uu reau of Slllndurds and by the 
GelLeral Hlldio Cam pau)' ~ utilize SI>C· 
cinlly constructed piczo-cieclric qUlInz 
crystals, the tl.vernge frequencies of 
which arc determ ined in tenns of the 
~lean Solar Day us defined by the 

l'rIle Gcneml Ilndio C'ompany'8 primary 
~hmd"nl is n. slllmillrd"frequcucy R!!5embiy. 
(~iwl in Clltalog ,-'. Ask for a COllY of CnLRiog 
P-X3. 

a sy nchronous-motor-driven clock. By 
(.'Ompnring clock time with obser\,ator:-' 
time. the Ilvcrage frequcncy of thc 
standard c rysla[ CUll bc determined . 
H the clocks ill both rrequency-sland-
ani srstems were keeping time to with-
in one part in lcn million, the-two would 
difrer uy not morc than 0.0086 second 
ill fl day, or 3.1 seconds ill 11 year. 

The General Radio E1Iper;menter is published 
monthly to furnish useful information about the 
radio and electrical laboratory apparatus manu­
factured by the General Radio Company. It is 
sent without charge to interested persons. Re­
quests should be addressed to the 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 

TYPE 457·A MODULATION METER 

l "J liS instl"tllllcut is sui holblc for measuring 1 he percen t age modulation 
on hath positive und !legali\'€" peaks, for determining the maximum 

allowable percentage modulation with a given transmitter adjustment , 
alld for showing lip maladjustments in the rllodulatiOIl. oscillator. 
and amplifier systems. It tak('s approximutely 0.5 

"-51"_AlII C . hlne. n."Lln . ....... lIIu •• ~u ...... 

walt from the output circuit of 
tile broadcasllransmiller. Two 
227-typ{" tubes are required . 
Power is supplied from the 1l0-
\'olt 60-cps. line find 90 volts 
of block battery, mounting 
space for which is provided in­
side the instrument. it is sh.ielded 
from stray fields. 

4.51·AII F,,~ ",,, .. ntinlJ in 19-inch ...,h.y nck ... . .• ....•... . . . .. 
tl'l5.00 

110.00 
'1' .. 1.,.,. du nut Ind .. de .... _. I •• tlerl"". "~I,id' ''I' I"d .. cto~ 

1'1_." p,l<lr" ..... ,.1",. ,,,,,I ,,,,,,, ... /01,,, I",'h .. , ,n/n,no,",,,n ,,, 0",,1 . . \ . 

GENERAL UADIO COMPANY 
OFFICE 1..AIIOIlATOftlt:5 FACTOIty 

CAMUJUOGE A, MASSACHUSETI'S 
l'scHi .. c.. ... W • ....,I."u.... ~1"~ Branna .. S .... ",. SM" . ' .... "cI..,.. 

'''J .. ~''~O ~ftI .. 
COMeoao. 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
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