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THE NEW MODULATION MONITORS 

T 
Federal CornnmniclI-

liolls COlllmission. recog
nizing the importance bOlh 
10 IJroalicaSlers and to tbe 

II lulio· frc(IUe ncy distor tion gc.ncrll lcd 
1,1) the transmitt er III this lc,-cl shall he 
not 0\ cr 10% . 

(h) That a ll s tlltions shall hal'c .1lI 
1I1'proved modulo-public or operating 

every hroad('a~l 
dUIIlIle! III II hi gh 
c flicicncy. has for 
!lCvcra l ycars reo 
quirellthat all 
transmitters h e 
capable of sal is fal" 
LOry operation al Ii 

mod ulation le v{'! of 
a l 1!'IIS I 75%. By a 
recent a mendment 

rrll E r'"(''ent ,u"(,IHI I1Il'ut of Hul .. 
- 1 :~9 h r the 8rw. .. IcIlH Ili vision of 
II ... Fedcrllt CUUllIlllllicnlio .. ", 
C.)tn m iS!!iOI) i~ or vi1 u l inl,er~t to 
,-,.-ry""c COtlllf'cl.-d wilh radiu 
bromlcnSlin[l . Thi" arlicle di ~~ 

CII .q;C'", I he "1H..oc ili l'l' I i .. u" co\ cr"d 
I.) Seclion (d) "f 11"1,, 139 from 
Ihe l·iewr ... inl uf Ihc Itr,,,,.I.!aillinll 
", ,",iou c lIgi n ... c r n ... 1 olJ.t!rnlnr. 

lioll monilor. 
\ ('cord in g 10 

Ih e Co mmiss ion's 
sI"'ci fi ca t iOll s. 
approved monitors 
1II 1Ist inclutle a 
means. hy \, hid, tllc 
p c r centagc of 
11I00Iul ll ti0l1 CU ll be 
cOlltinl lOusly 1,ml 

lillie;;, aud l1Iust he 10 Hille 139 the easily read al ;,11 
Commission 1I0W rC(luircs Ihat trans
millers sha ll lie ca pahle of Ihe 8t ill 
higher efli cie ncy pos'lible ,.ill, the re
cellt aJvances in del'lign, and tllllt 
mellns shull he 3vailllh ic for COll LiIlU 
ously checking Ihe 1I10dlllnll0l1 IlCr
celltage_ Thc ilmended Hule 139 8a)8 
In dfecl: 

(a) ThaL all hroatlca..ting lrans
__ millers shall be eapaule of delivering 

Nu thorized p<mcr wilh II modulation 
of aL least 85% ; and that the total 

Nluippell ,,' ith an o\er-Ilux lulal;on 
alarm signa l. 

The Jlurpose ilnd uscfulness of the 
monitor are im,ncdia !l") apparent. lly 
il s IISC Ha t ion opcrnt ors can maiuw in 
lhe bighest 1>088il,II' nlo~llllntio!1 ('Oll 
aislenl ,,-ith gOOtI broadenSI practi(·{'. 
Rnd. "hen mod ulation exceeds the 
ca pability of the transmitter. ll,e 
j,Jarlll fla shes 11 \\a rning. '\ reasonahle 
IJ lt lallce hel wcen illefficieul under
modulntion a nd lli 810rtcd o\'cr 'IlIQfI,I-
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lation is thUB made possib le. These 
characteristics are discussed more in 
detai l later in this article. 

Early in 1931 the Ceneral Rad io 
Company placed on the market one of 
the first commercia l modula tion me
ters, the 1"'1'£ 457. This instrument 
was accurate. simple to operate and 
for the Iirsl lime pro"ided a m eaTls for 
easi ly determining modulation per
centage without elaborat e tCliling 
equipment. It W88, however. a balance
operated devi«. not direct reading, 
and good on ly for steadY·Bla te condi . 
tiolls of modulation. The present nccd 
is (or a direct.reading ins trument 
which will follow accurately the rapill 
flu Clualio1l8 resulting from voice or 
music modulation of the hroadcast 
transmitter. The TYPE 731·1\ Modula
lion Monitor· has been de\'doped to 
meet this oee(1. 

The fi rst considerable number \\88 
insta lled in Apri l, 1935, in the 0\\ ned 
and affiliated stat ions of the Columbia 
Broadcasting System as a part of till' 
('omplete CLASS 730·A TransmissiOIl 
Monitoring Assembly. The fichl tria ls 
I_hilS olit ained w("re of great assistance 
in de termining how these instrumentf'. 
amI partil'u la rly the modulation moni· 
tors, worke<l out in practice in rcpre. 
sentative I5 taOous. 

The transmission monitoring assem· 
bly not only provides the means for 
maintailling a continuous monilor of 
1I100Iulaliol1 percenlage, hut a lso for 
ml!Asllring the total harmonic di stor. 
tion and the residual noise leve l of til l' 
tralls01ill ers. The modulation monit or 
is. of course. entirely self.contained 
and not dependent upon the other 
units in the assembly. 

The Federal Commu nicat ions Com· .-...., 
mission has specified in detail the elec· 
trical requirements or a .!!uil aLle moni· 
tor. These requirement.!! are met ex· 
actly by the General Radio TYPE 731-A 
-Modulation 1\lonitor. 

T he specificA tiol1s are the result of 
a 10llg study of the problem. 1n order 
to obtaiD the various viewpoints, the 
Commission held several collference.!! 
which were attended by engineering 
represent a tives of mau)' opera ting 
cOlllpanie.!! aDd man ufacturers. A.!! a 
result or this study of the moni toring 
requirements of the broadcasting sta
lion, Ihefinal specifieationswere drawn, 
taki ng into cOllsilleration that the 
monitor as ao instrumenl had to be 
si mple ill operation, accurate, and not 
expeU81ve. 

The im portant fea tures which the 
monitor must provide a re: 

(1 ) A d.e meier for setting the a\'er 
age reclified carrier. 

(2) A peak indica ting light which 
Oa.!!hes on a ll peRks f'xceeding a prede
terlllined ,' alue se t Il t will by opera tor. 

1 
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-- (3) A meter indicaLilig oootiuuously 
the J-.ercentage modulation. 

The d.e meter 118S IwO functions: 
first, it provides a means for indicati ng 
tbe reference carrier le\'cl at which the 
mouitor is to operate and, second, it 
ShO\\8 carrier shift during modulation, 
.. dlich is a warning of ine(llIalities ill 
I)()sitive and nega tive peaks, witb the 
resulting probability of distortiOll. 

The nasbing light operates when the 
modulation exceeds auy percentage 
that has been pre-set by the operator. 
The selling of the Je \'el of modulation 
above ",hich the lamp flashes is deter
mined by the modulation capability 
of the transmitter and by the type of 
program. It is set to flash with moder-

ale frequency ",bile things are lnlle
tinning 1I0rmally. This is usually at a 
Icvel of about 85% or highcr. After a 
lililc expericnce, the Ilormal rate of 
fia !lh to be expected from any particu
lar class of program material becomes 
familiar to the 0l>crators . 

..-.. Whcll used at first in conjunction 
\\ ith a monitoring 10udsl:lCaker, a sur
prising facility or modulation levcl 

maintenancc is dc\ cloped by the usc 
of tbe light alouc. I f, without a change 
in program, the rh) 1hm or thc flashes 
is markedly changcd, the operator is 
immcdiatcly warnw that solUething is 
" 'rung. Jf the fla sh ratc slows down or 
stops, the modulation Icvel has dropped 
too low, and if thc light nashes contin
uously or 1I0t in synchronism with the 
loudspeaker monitor, trouble has de
veloped in the transmitter. Since the 
light is visible at somc distance, close 
at.lcntion to tllc 1lI0nitoris not required. 
An electrical coull ler may he auached 
to provide a record of tbe numoor of 
over-modulation nashes occurring ill a 
given period. 

The tbird requirement is a mctcr 
which reads thc act ual percentage or 
modulation at all timcs. It can be 
switched to rcad cither the positive or 
the negati,'e modulation percentage. 
The metcr has the new high-speed 
movement and is about critically 
damped. [t reaches full· scale deflection 
in abollt 100 milliseconds with almost 
no overs wing, lIud reLurus to zero in 
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about tbe saUle Lime. H uscd direct ly 
on voice or music programs this high 
sJleed Illovcm cn 1 ,. Quid follow l he 
rapidly chllllging Ic\·els faithfull y, hut 
its sileed is so grea t that accurate 
monitoring \\ould be dWicult. and it 
... auld be ruthur liring 10 watch it for 
an) length of time, especially for those 
who are used to the lazy movement oC 
the older volume indicator meters. 

To 3\'oid tbis it has been specified 
that the circuits of the monitor must 
be arranged so dUll , when a pulse oC 
modulation be tween 40 and 90 milli
secOllll s ,i(l duratiou OCCUfi!i, it is stored 
electrically until the meter can rea ch 
90% of its steady-stille defl ection. It is 
not desirable that shorter pulses show 
80 prolllillt!lItly 00 the meter as these 
short bursts do 1I0 t contain enough 
euerg) to be bothersome in case ofover
modu lation. The elec trica l circuit 8tores 
the pulse and then discharges ralher 
slowl}. the lime for tJ1e metl'r to re turn 
from full s('a le to 10% of full sca le being 
"(.lcci fi ed as between 500 and 800 milli
seconds (it is 700 lIIilliseconds in the 
'1'1' I'~; 731 ·,\ \ l odulatiou .Monilor) . 
The resu lt. is U lIIeter action which goes 
Ill' ex tremel) rapid ly "ilh modulation 
peaks 110(1 returns relati\'e ly slo\\ly. 
This ae liOI! has heen selected for scveral 
reasous: 

(a ) A high·speed meter move mellt 
wi thout the re tarded return speed is 
ratber djfTieu lt to follow by eye lind 
soon results in faligue. as ment ioned 
previously. 

(b) .Monitoring is great ly facilitated 
when the mCl er st.lI ys al il sl.op rcadiug 
for a short time so that the peuks ca n 
be relld. 

(c) There is the feeling by observers 
that the meter reading correspond s 
wilh the souud hell.rd by ear. Thi s is a 
psychological effect and, although uot 
of great im por tance, assists in monitor
ing. The dual·speed lIction (fast-up, 
slo\\ -relllru) gives the impression that 
the monitor is follow ing the peaks of 
the envelope of the modulation, and, 
in fact, it is registerin g faitltfull y the 
im portant wod ulation peaks as they 
occu r, and the " floaling" reading 
makes monitoring relatively a siruple 
lila Uer. 

An lIdditional re(luirement specifies 
that tile mon itor JIlu st hU\'e au ex
tremely good audio.frequency charac
te ristic (± 0.5 db from 30 to 10,000 
cycles). This permits accurate measure
ments LO be made of the over·all fre· 
quelley response of a tnlllsmi Iter. 

The foregoing para graphs discuss 
t he principal features of the SI)Ccifica
tions (or modulation monitors lI s.pllb-

Panel \·ie .... of Tn'!; 731-,\ \l oo l"lalion Monitor 
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_ lished by the Felleral COIIHltuuica tioll!l 
Commission in a leller dated October 
29, 1935, supplementing the new 
umcnded Ilule t39. 

All lI1onitors to 1m Uppl"O \'cJ by Ule 
C()lIJlI)i.~iun are flrst cu rerully checked 
by the Ilureau of Sta nd ards . • \ t tlJe 

tillle of our going to press the !Jure/l ll 
..... as nol prepureJ to hegin these lests. 
bUl, whet! the tcst set-uJls arc rl'udy, II 

slock model of the Ccncwl Ilndio 
moJulatiolJ monii or \.'ill be submit te(1 
for I,est in order to olJla ill forma l 
appro\'al. - \ KTUtit E. TIJIESS E'" 

Specificalions for the T\p~; 73 1·A ~ I odulat ion Monitor will gludly be 
sent on request. A limil ell 1I11m Uer of inSlnuncn ls a rc 1I\'uilahle for 
immediate deli vcry. Orders \.i ll also be uccepled with lldi\'c rr conlin · 
gelll urou approva l by the Fedeflll COlllll ll11lica tiollS COlllllli!lSion. 

I' rice 

i 3 1-A Moduilllioll i\t ouilor· ". Kl(l ~T 1 195.00 

" 1'1 ... I ..... """, ..... ",.""rooc,y",d . lId _ Id " .. tie. II .. 'ol~,. .. ;". D. S. 1'. ' 0"' •• "d I"",," .ll'«n'o" '~: 
, .... ,, ' No. l,m,869 
".tu' No.1,(1l2,291 
r •• e", Appiled Por. 

A NOTE ON THE MEASUREMENT OF METER SPEEDS 

Til E IIlca!;. lIremcnt of mcter spee(1 in 
the lie" modu lation monitor prc· 

seuts an interesting problcm. Photo· 
graphing Ihe action of the meter "ith 
II high·speed ca mera and II stroboscopic 
li ght source is a sa tisfac tory method , 

~w 
~\ - - - .~ r ......., ••• -, 

The plots of Figure I and Figure 2 
"ere made frOIll Jaw .. blained ffom 
Ihis t) l>e of lIlo tion piclUre record. In 
artier 10 eompure Dee m'ately tl1(~ 1110-

tion of the po int cr II illl the duration 
of tile pulse. the modula tion meter IIml 

Flr-UKK I (ldtl. "Iot of ",cler .ldl t'C lion \'8, li lne "'hen a r utile of 55 ".illiila~) ... liI duration ;' 
IIllplied. The I'ul;;c lenglh is jusi ll uffk ieni to !inti; Ihe meier to 90' , of iu !!tcadY·da te rrading 
utt • r utile of the ~Q nI~ 1I '"plihLtlc. Note thai thc mclcr doa not rellcl, iu In"" i",u", defleclion 

_ ul1til ah er the ,.",1 ,,( I.l.c i'u l;j(' 

" I· ,1IIHK 2 (r.ght ). IJe l1 t'Cli')n , 'I!. lime 1)101 I! hu"'''g II,,· II ... 'er ro" " rning , .. o:ero , The lime 
retl" i...,d for the meier La return to lOCo of 'Iii i"il'1I1 rClltli ng is 700 ,uillio.ccoml!l 
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a ca thode-ray osci llograph were set up 
side by side, and the ])ulse applied to 
the meter was used to deflec t th e oscil
lograph heam. Flushing the stroboscope 
lamp at a speed of 60 per second gave a 
sufficiently complete record. From Fig
ure 3, which shows a section of film , it 
will be noted that the trace 0 11 tbe 
cat hode-ray tube is recorded cont in-

rICUR~ 3. A !leCtion &howing two framCII of 
the .nol;oll !,je lUre record. The order of pro
greMioll ;11 from top to bottom . The oscillo
g ram ill re(:(lrued C()n liu"o llllly .. ·hile the meter 
is photographed III inlerval~ of 1/ 60lh second 
I.y rneana of the titroho!!COllic Il a~h. The j,u.l cllO 
'nark wall placeoJ oppotli le the 81'ot on the 
cathode.ray tube and j"dic.ateA the I)(.sitioo of 
the llpot li t the in~tII llt ellcb photogrllph ;8 
taken. When the OoM:illogram bt:oome8 a 
straight line,@howing the end of the pul~e. the 
me te.- bn not yet reached iUl maximum read
ing. This;s shown gr"IJhicli ll y in Figure t. In 
this photograph the oscillogram "a~ heen re
touched to make it suitable for halftone reo 

production 

uousl y, \\ hile the meter iii photog-ra phed 
a l intervals of 1 /6O!h second. 

A DIRECT-INDICATING AUDIO-FREQUENCY METER 

AD1HI>CT- I NOICATlNG uudio-fre
quency meter is a great conve

nience ill Illany laboratory measure
ments, or in production and tesling 
opera tions where a large uumber of 
measurementS must be quickly made. 
In some cases, a continuous indicat ion 

of the value of a vary ing frequency is 
required. To meet these re<luiremenls, 
the TnI': 834·A Electronic Frequency 
Meter has heen developed. This instru· 
ment is of radically new design, is 
direct rea<ling from zero to 5000 cycles 
l}Cr second, and 01}Crat.es from the a-c 
line. 

T he meter consists, essent.ially, of an 
amplifier , a gas-discharge-! ube counter. 
and an iudicator. The fund amental 
circuit design of the instrument was 
dcvised by Dr. f.~ . v. lIulll. '" 

Figure 1 iSH schematic diagram show· 
ing the important circuit e lements. A 
detailed explana tion of the operation __ 
of the circui t will be {ound in 1\ reeC:-~ 

• Cru l. Lot-o'OO",. IJo.r ... d Uni~ ... i',. 
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arliclct ily Dr. Hun l puh lished in the 
Hevic\\' of Scicnlific Instruments. 

The principle of opcra lion is, bricny. 
3S (ollo" s: On the application of all 

alternating voltage 10 the grid s of the 
gas~li S('horge tubes, the tu~s beoome 
a lt cnullcly (.~ndllc ljng Dnd lIon-COII 
dueling. Al each lrrws;tio/l of the cur· 
fe nt from one tube 10 the 01 her, a 
single, short current I}ulse is sent 
th rough tbe indicator circuit. As tbe 
8uCCf!uive current pul ses arc identical, 
the meter reading will depe nt! olily 0 11 

UIC number of pulscs per sc(:ond. or the 
fn:lllIcIICY· 

The instrument indUllee a one
stage amplifier, the gos-discharge-tu be 
cou nl~r circuit. diode 6\\ itching tu be, 
frc(IUency.indicat ing meIer RIlII power 
supply ("ith rectifier and voha ge 
regula tor) . 

The amplifier providc8 fo r sa t.is
fac tory operat ion on s i ~'lI a l inpu ts of 
three VOllS or less, and a lso pro, i(les 
a high impwance illjJllt circuit (one 
megohm). By the arrll nge mcnt of the 
amplifier circu.it , prov ision is made for 
8I1 ti!i(al· tory operation o\'er a wide 
range of signal input voll ubcs, lip to 
200 volts . ... il h no changc ill indjcatioll 
of CrC(luenc}'. 

Five rouges are pro\'ided , each 
.- start ing at zero awl ex tcnd ing to 200, 

lot OI...,., II ... U., r~""D'" '1_ 5"i,-',1a Co, Hlp. 
lII_ 1I0000000i",. R ....... of sc ... ~'Jfoo I~." .. _ , .... 6. t. 
Ja .... ..,.. 19S$. 

F'1Cl1RE I. s...hemalieci~uildi.gnm 
or the electronic freq uency meier. 
For oom·en;cncr. baueries are , hown 
lIupplyinr; Iii" grid .nd meter hi. 
1I&e8. 1', ill . u II mlllifier. 1', lIud 1', 
lI.e gu .diolChn.rge tubcs ; T, is • 
douLte dio.Je. IIlId T~ II vottage resu. 
lator. T he cin:niu n, C. control the 
voltllge on the gri.le or th" J(1lII·dia· 
charl!;e tuhe:ll; the eil"(luiu R .... c",. 
control the .elKIn of the d.mM" 

diOtle 

500. 1000, 2000, a ll.1 5000 cycle8. The 
desired range is sclected by llIea ns of a 
multiplier s ... itch 1II01HIIOO on the 
panel. Imli\' idual adjustmen ts are pro
vide<1 ror makin g the indica tion 3 bree 
II itll the sca le or the meter on each 
ra nge. These adjus lmenl s are made at 
the ru ctory, hUI , ir necessa ry, readjus l
ment. IDay be made in the fi cili. All 
adjustment s are accessible from the 
panel. .... hich is intended ror mounting 
in a 19·inch relay rllck. 

The TWE 834-A Elec tronic Fre
(jllCney M e ter is It time-saving aid ill 
(rcllllcncy measurement s, such as lhe 
routine ciJe(lking o( H large uumber or 
radio I.ransmitter . CCllerally, in &1I<:h 

cases, the firs t question 10 be aUSI\ered 
is: " ' s the station frcque nc}' wi thin the 
allowed tolerance?" and second , " 11 0 ... • 
Hllieh Ilocs the stalion fre(lliency de \'i
ate from the assiglled va lue?" BOlh 
(luc8tions may be Il Jls"" ered hy the 
meter, but , ha\' ing ans ... ered the £irlll, 
orlen no fu rther Hllcntion lIel.-.1 00 
gi" cn to those sta lions ralJjng ... el l 
wit hin the a llo\\ c(1 tolerance. 

In crYSla l grintl ing and similar 
alljusunent operalioll s. the iwlica
lions o( the (rerlueney meter provide a 
continuous cued: on the progress of 
the adj ustment - indicating \I hen 
coarse adjustment is 8af .. and also 
ind icating when fine adj ustments mu st 
be made to obt ai n the final desired 
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FICtHtll: 2. Pallcl view of TYPE 83" ·A Electronic Frequency Meter 

\'3Iue. Anolher example of this use is 
in I uning motor horns. chimes. and 
si milar devices, where the continuou s 
ilUlicatioll o f the frequency is invalua
ble during the progress of adjustment. 

Wbellutilized with a sound or vibra
tion pickup, the frequency meter is 
va lu able in analyzing \'ibrations in 
machinery. 

A si mplified model of the electronic 

frequency meter will shoTtly be avail. 
able for use in monitoring rad io trans· 
millers. This instrument , the TVPE 
682·A Frequency .Dev-iulion Meter, is 
intended to operate in conjunction with 
the Typ.,: 475·A Frequency 1\IoniIOr 
which furn ishes the power slipply for 
the frequency meter, 8S well 8 S the 
audio.frequency beat tOile on which 
the meter operalcs. - J. K. C LAI'I' 

n .. 'r.,~" 1Il·1·" ElK'rnnic •• .. " ... ""1 M ........... il.l.I. r.,. i ....... d ... e doli,· ... , . ..... i. in."" .... ". i ..... " .. r..,." .. d 
.".1 001.1 ""dor.he (0110"';"1 U. S. P. ,,,,, .. a .. d Ii"""..., •• _''''''".: 

0e0.;1'" ... d 1/0"'0'" .p~licali.o<l. o( 1),-. F. V. II " .... 
, ........ of , .... A_ica .. Tolep""'" ."d Tde.roph Company • ..,1.17 for ... ili .. ' ..... in ___ reb. in ... ,i,.,ion. rneo." 

"',,"'en" , .. ,In •• i",,,, ... io<o .nd d .... lopn .. '" work in P"" ud .pplied Hie"",,· 

Type Priw 

I 1~lectrQllic Fr<'(l"ency MeIer "l"CI IS $2.')0.00 

TilE Gel.erul Umlio EXI'EIUMENTEf{ is moiled withon," charge euch 
Inonth t.o cng;.neers , scientis ts, '.eclinici(f lIS, fI/ld others interested itl 

comlnunicatioll-jre(Jucncy measll.re,nent (fn.d control proble,ns. lJ7hen. 
sen.ding ref/nests jor su. /,scriptiolls (lfId uddress-clHUl ge notices, pleose 
supply tllejollowiug illjorlllution: ,/Cune, com.pflny 'WIne , compfluy ud
dress, type oj busillcss comp(lIIy is ellgflgcd ill , fln.d title or posit.ion oj 
illdividtwl. 

GENERAL RADIO COMPANY 
30 State Street Cambridge At Manachu5etts '"':::" ... 
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