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011s indications of center-freeuencv deria- able with ctlaracteristics as l~nifornl a a  * 

tion, rndnlation percentage, and over- those of T-acur~m t~~l>eq,  for tests on both 
modulation peaks an: available at all types of diodes showcd that onlv a i t h  
times, withoilt the neeti of calibration vn~uum trlhe5 could the desired stability 
adjustments during the operating day. he nchim-wl in this application. 

FIG. 1. FRONT PANEL OF THE MONITOR 

T KE I;rnrral Radio Coiripr~ny has pro- 
vidctl rmnitnrinfi inctrurrwnts rQr tR7 

hromlcast transmittprs Fur rrinny pears. 
Thrir ol~tstxntling rhararieristics nrc caw 
of instal lation. reliability it1 nprrnt ion. 
and ntah~lity of in{licot!cln. T l ~ r s c  frntirrts 
werc also tI~c 01~jrrtivt.s for I l~e  nrw 
G~nera l  Radio 1 170-i\ FhI innnitor to lw 
descr11)rrf I!crc. 

I n  this rlrsigt~, Fig<. 1, .?, and 11, mnt inn- 
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FrG. 4. SCHEMATIC DIAGRAM OF T H E  CR 

FIG. 3. THIS BLOCK DIAGRAM SHOWS THE 

IVrpn rerllote indicators are used. tlie 
oprator  n d  not leave his positior~ a t  the 
transnhtrr  desk for the purpose of mak- 
ing RRF nrljustments or calibrations. 
ITit tlorlt this feature, wrnotc indicators 
arc 11carly useless. 

Inpnt power requirements are very 
low; only I volt into a high-inipedancc 
circi~it is nppded. This greatly simplifies 
the co~~pling proldem and facilitates 
installation. The zssernbly is designed to 
tiissipate the heat g~nerated by the  tubes 
and to make a11 parts accessible, as can he 
seen in Fig. ?. All circuits h a w  undergone 
tests to prove their wli~bility and suita- 
Ililit!: for long-period scrviw. 

With one exception, vacuunl-tube 
tfiodes are used rather than cr~stal rrcti- 
fiefs. Our experience indicates that 
c ~ s t a l s  are not yet ct>mnlemiallg avail- 

R F  INPUT AlTENL!ATM( 

:YSTAL OSClLLATOR AND THE RF SECTION 

CIRCUIT ELEMENTS OF THE FM MONITOR 

Design Considerations * The pmblems of 
flrx~i,ility were censitfererl in the initial 
design stage of the  new FR.1. Monitor. It 
upas planner1 for teIevision audio servfcc 
as ~ ~ 1 1  as FM bmndcastina. and as a 
measuring device for the lat,onrtories of 
transmitter manufacturers. These scrvices 
r~quire  a high degree of adaptability to 
suit the tnanv changing requirements. Enr 
exatnple to shift ttw ope rd~ng  frequency 
with a minimum of effort. the tuning 
adjustments have been made readily 
accessible, and they cover a wide range 
witho~tt the n e s s i t y  of removing com- 
ponents. Further, as the same calihratiun 
for the modtllntion swing is not employed 
in all FM services, a single adjustment is 
provided to permit rapid changes in this 
setting. 

T h c  RF sensitivity of the monitor is 
high cnottgh to pennit retnote rnonitorin~: 
orpr sliort distances. Jrost transmitters 
are provided with s direct connection to 
the monitor, but the high impedance RF 
input and the I-volt RF sensitivity of this 
instrument indicate that. with t~lnetl RF 
~mplifiers. remote instaIlations are pos- 
sible. 

T1r-o of the mnst important features of 
any monitor are the accuracy and stabil- 
ity of t h e  center frequency indication. 
Thc first of thew can be readily obtained 
throrlgh the use of crystal oscilIators and 
precision metering circuits. Howcvcr, t he  . 
overall stal~ilit?, of an Fhf monitor is VPV 

clo.wl~- d ~ p ~ n d e n t  on the characteristics 
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le discriminator employed. -Early 
~ p t s  to design n s~~itnl,Ie tunerl- 
t type of discriminator in\-olred a 

I..Pnq* of srvcral rr~egac)*cles in order 
obtain a lincar characteristic. Oppra- 
1s a t  thcsc frequencies rcsuIterl in a 
r ti\-ply ilnstal,le discriminstor anti 

-rcr! the IIRC of a second, or calil)rntor 
d, in o ~ l e r  to pravidr the rcqltir~d 
11 arcurcy .  TYhile this armng~rnent 
t simplily t l ~ e  drsipn, the r ~ s z l l t  

n n t ~ f d  hc more of 3 rne:l~~~ring device than 
n. true monitor, since m n t i n ~ ~ o ~ i s  calihra- 
tion chccks would hr necesssry. 
Ry emplnying n pulv-mitntcr type of 

discrinlinntor, it was f o ~ ~ n d  possible to 

components are simple, ~ n r l  the freedom 
fruni critical ~d jus tments  justifips a larger 
instrument. Thc second factor to be 
olierconle war noise produced in the 
square-wave nmplifier and discriminator. 
Extraneous signals resulting from beats 
I)etnven tlrc cl-ystal oscillator and har- 
monics of the square-n7arc intcrlnediate- 
freqr~ency are ~l iminated t l i ro~~gh jurlicious 
sclcction of the cystal operating fre- 
quencies. JIigh-lrec4uency noise, resulting 
from the plrlse-type tr.avcfnm1 ol t he  
ciiscrintinntnr output, is removed hy 
low,-pass fi Iters. :\ hi& signal-to-noise 
ratio iq arl~ievcrl Fly opera t i~~g  the dis- 
crirr~inator a t  n h i ~ h  input lever. 

noise ~ n e k r ,  and 33 a thircl amplifier 
svstcm incll~drs a stnnrlard prc-e~nphasis 
cliarxcterist~c Lo restore the flat frcq11enr.y 
response Tor the mrxiulation metering 
circi~its. TE~psr provi(ie For i n r l i ~ ~ t i n g  
p i t i v e  anti n c p t  iw nnrorlulnt im peaks 
sir~lultaneously, or pithrr one alone a7 - 
selected on a pnnel switch. Also, an over- 

I' - --- 'i 

FIG. 5. MIXER OUTPUT SIGNAL GOES TO DIODE CLIPPERS AUD LIMITING AMPLIFIERS 

n p r s t e  a t  the relatirely low Irequ~rtcy of 
1,;1, kc. T h i s  resillted in a considera1)lc 
imprnvement in the ratin of desired ire- 
qilt.ncy stability to disrriniinator c~nter- 
Irrqlicncy. I n  the  cast- of tlic tunerl-cirnrft 
~licc.riniinntor operating at 10.7 mc., 
w1t.11 the requiwi  stahilitp of the centcr- 
fvccl~~rricy indicator arldrarily chosen as 
In) cycles, f he ratin i s  lOO,'lO,'i00,000 or 
.f)Ol'';, nhiIe in the case of the p u l c ~ -  
~ o ~ r n t r r  disrriminator the ratio is lW/ 
1611.1nOfl or .Rcit;% fnr tlic same skihilit y. 
In order that the crntrr frequency of 

the disrritnirintar remain wilhin IOn 
r!-clrs nf i t s  netninal r-aluc for l o n ~  
prinils, atitl thus ~ l i r n i n ~  tc artxilfnv 
crystnl cxlihratnrs, the clwirc was dp- 
rirl~rll?- in fnrnr  of tile luu--frcrlucncy 
cliscsirninator operation. Ki th  stanrlnrrl 
circrlit rnmpor~ent.~, n stshi?ity of .OT;Gr; 
in crntrr frequency or. t lw  discrin1ir1:ttor 
r:irl 1~ far ninrr rearlily ohtainciI t F~nn t he  
.!701'; l i ~ u r e .  

I'tilse muntcrs arc I n l ~ ~ r e ~ t t l y  1irle:lr 
bleuiwq. wit11 circtrit sirnplirity a tlircctd 

11t. ISisttrrtinn n ~ c a s ~ ~ r r r n ~ n t s  r~~nrlr 
11 this type nf discrirninatnr tln not 

1w1  qron critical atfju.ct mrnts. n-hiclt 
lshihit w r i o n ~  agring e l r r r t s  or driFt 
-11atlges in rlirr~ntic crrn(litions. 
: pttlqe-cnuntrr type of discrin~inator 

TI! T I O I I ~  1irrlit.at inr~c, ' I I J ~  t lbrs~ arc 
rcnrlily olrrcornc t l~nn  their mlln- 

r t s  nl the t~~nccl-virr~tit  type. %lie 
a t  lack of srnsiti~ity ( b f  tht. p u l ~ c -  

cor~rltrr discriminatnr I I I R ~ L P  adrlit innal 
an~plificntion necessay. T h i s  i~>rrrn.;r.r l 
t !~r  size of the monit.or, Plut the a(lrlrt1 

Dpet7diIt~ cirerrits * F ~ R .  9 shows the opera- 
tion of the monitor In simple tllock Enrtn. 
A cqstal oscillstor is used to tlrivc a series 
of simple tuncrl-circuit anlpfifirrs to pm- 
tIuw a signal a t  tile mixer wliicl~ differs 
from thv transmitter clrannel frequency 
Ijy 150 kc. This 150-kc. signal is the 
center f r r q ~ l e ~ c y  of the IF system. A 
series of diode Sirnilrrs ant1 limiting 
snlplifiers c o n ~ c r t  the s i ~ n n l  into a 
Ili~T't-le\-el squnrc wave tlut opcrates 
the pulse-mniitcr disorin~inalur. Tilt! DC 
output of the discrirt~inator actuates a 
n ~ e t r r  tlrnt indicates shift in tlie ccnter 
fwrluency of thr transmitter from the 
assigner1 fr~qucncy. Tlie .1C output of the  
rli\cririiinatnr ir, dp-~mptrasizerl 1ir1d passeti 

FIG. 2. REAR OF THE YONFTOR CHASflS 

mdulabion ltrnlp flash~s whenever the 
dial setting I ~ a s  I w n  txceetld. 

Arlnilinrg circuit< err  provfrlcrl for 
checking nronitor oprratirm. Thew in- 
clrltl~: 
1, An indi~at io~i  of ci-ygtal oscillator out- 

put IPVP!. 
8. Xn indis:ition of tlie RF input level, 

FIG. G.  THlS DRAWING SHOWS f HE PRlMCIPLE OF f HE PULSE COUNTER DISCRtMINATOR 

tliro~lgh fiIters to reninve ~tnu-an t~r l  h i ~ h -  3 .  -1 ~ n o r ~ i  toring sie~lal lamp to indicate 
freqi~cric?. wnkpnncnt.;. .kt t h i s  point,. thc nnrrnal t r ~ ~ w ! r ~ i f  t ~ r  input, 
el~drt, sicnal dix-itlcs irrtrl thrpc qyqterr~s: I )  I. .\ !)rat-ryclc p l o t  lamp to show the 
a sirrlplp :implifter prox.irles nn output, for nctbrm nf tlrr rryrtal ovcn thermostnt, 
local :111rn1 nionitnririq, .'j n s~colld an-  5 .  .i p.rr1c.l switch to chrck the eIect.rica1 
plifier. wrth n~ljl~r;taltrle gain. pro~.itIrs a arro-sct ting ul the wnter fq i icncy  
signxl to o r w r n t ~  :in cutcrt~nl disttjrtionanrl indirxtor, nrrr! 



8, Connections for external meters and 
an external over-morlulation Irrrnp. 

oscillator is one derrrloped at General 
Rad  in speci ficallg for f recluency monitor- 
ing. There are no tuning inductances, and 
the crystal operates very closr to its tnle 
resonant frequency. H i ~ h  stability is oh- 
tnined without critical circuit adjust- 
ment.;. Crystals can be intcrchnn~ed v i th  
ease. The oscillntor circuit is sho~.m a t  the 
left of Fig. 4. 

Circuit capacitance can be clrnnged by 
as much as 4=; lbcfore the frequency --ill 
change by 1 part per million. Thc cv- ta l  
has a temperature coefficient of less than 
9 pnrts w r  million per degrce Centigrade, 
and is enclosed within n temperature- 
controlled oven operated a t  60" & 0.25" C. 
For maximum s'tahility, low-frequency 
clystals are uscd, with fundnmentals 
between 1. .4 and 9.8 mc, Amplitude of tile 
cr;r.stal oscillator o n t p l ~ t  is indicated on a 
panel meter wllm n panel su,itch is de- 
pressed. 

The c v s t a l  oscilfator is follon~d hp an 
aperiodic buffer amplifier and 3 harmonic 
multiplier stages. Flg. 4 shows thc circrrit 
arran~en~ent. 

The c y s t a l  frequrncy is cllosen so as to 
result, after pusing through the mul- 
tipliers, in a Is[!-kc. offset fmnl thc as- 
si~ned t r a ~ s m i t t e r  frequency. The multi- 
pllers are- operated a t  high let-CIS to 
minimize phase-shift effectti which would 
appear in t he  monitor output signal as 
residual FhI noise. Eecntrst these strips 
are individually tunable over a consirlera- 
ble range, it is a relatively simple mattes 
to change the operating channel freql~ency 
of the monitor. I t  is merely nrccssary to 
insert the new cr?;stal and mnke three 
simple tuning adjustments of the multi- 
plicr stnges. 

It is possible to extend the RF rang? of 
the monitor down to 30 mc. hy replnring 
one or more of the fixed inrluctnnces in  the 
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f3G. 7. ClRCVrT OF THE PEAK-RESPONSE DIODE VOLTMETER AND ZERO ADJUSTMENTS 

C .  . . . . . . . . - - 
RF input from the transmitter is fed t o  

7 .+-=+I t he  mixer stage throi~gh an sdjustahle 
capacitive nttenuator. This is  a h i g h  
inlperlnnce circuit. operating with a 
nonlinal signal level of I volt. NO nppre- 
c i n l ~ l ~  power is tnken from the transmitter. 
xnd t h ~ r e  nre no loading resistances sub- 
ject to burnout. The 1tF input level is 
c o n t i n u o ~ ~ s l ~  indicated by a small meter 
at  the rear of the monitor. This meter i s  
operated by the IF signal, which is ~ F O -  

portiunal to the RF input over the normal 
operating ranEe. Thr  amplifer saturates 
at llighcr levels, making i t  irnpossihle t o  
h u m  out the meter throu~t overloding, 
Since the  BF level is not critical, this 
meter i q  normally user1 only during the 
initial installation procedure. A panel 
pilot lamp provides a continuous indica- 
tion of the rcq~iiretl minimum transmitter 
signal lrvcl. 

Limiter-Amplifier * The mixer output signal 
rs anrpliflrvl and pnssetl thrnugh a series 

f IG. 11. Yl EW OF T H E  REAR PANEL of rliotjc ~ l ~ p p p r s  ancl Einliting amplifiers 
t o  con\-ert it into n square wave. Thc?sc 

rnrrIhiplirr syh=rn. TIIF Iligl\-,rcq~lrrrcy are sl tom in Fig. 5.  To operate the 
operation can be estmded xhove l(i? n~c. Iinlitcrs. a nlinimuln input voliage level is 
l>y r~plncir~g a r~nloval,le section r ~ f  t he  rcquircd. .I control tu:)e keeps the find 
n~~~l t i r r l i r r  ~~SSPTIJ I I I~  nit11 R VFIF tarlit, amplifiers inopcmtive unti l  tile output of 

'the niixrr is s ~ ~ f i c i e n t  t o  provide a satura- 
tion signal to the limiters. Erratic br- 
havinr a t  low RP input levels is thus 
nvoi~It.d, since the monitor automatically 
ccasrs nprrntion when the signal level 
fnlls I~rlorv a critical tpnlue. 

Thr pulse-counter t y p e  of discritninstor 
rfrp~ntls for its op~ru t inn  upon a llnifornl 
cl~argl: and rliscl~xrgc of a condenser 
thrnnglt ;l serics res~skanc~  rltrring each 
half-cyclr. For this rcasnn, thosc charac- 
trristics of the square ware wElicl~ in- 
fl~rcncc the condenser c h a r ~ e s  must he 
r igom~dy  controllcrl. A n d e  anti limiter- 
hias potentials in the clippet'-limiter sec- 
tions are closely rcgulatrtl. h porn-er tube, 
operating as a !imitrr, is used to drive t he  
rliscrirninator rtt a hie11 Ir~.el. 

- Discriminator Operatiom * Pig. 6 i l lus t t a t~s  
ttir pri~~ciplr uf the p~ilve counter dis- 
critninator. TIP series fontlenser is al- 
ternateby cElarg~d Zl~rn~rgh the left diode, 

FIG. 8. THE AUDIO SYSTEM 15 DIVIDED INTO 3 SEPARATE CIRCUITS,  AS SHOWN HERE nn(l rliccllargrtl tllrorlgh thc right triode. 
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FIG. 9. OPERATING RAHGE FOR MAKING 

Thus a series uf short, unidirectional 
current pulses flow through the resistanre 
nt the rate of I per IF cple .  Tl't~en the 
transmitter is unmorlulnted, these pulses 
m n r  at a uniform rate. When rnodulration 
is applied, the pulses occur a t  a varying 
instnitaneous rate, d~pcnr1ent upon t11c 
modulation signal. A DC pot~ntial  is 
deveto~sed acmss the resistance which i s  
propodional to the average rate of the 
pt~lses. This is usxi to opertte a hlanccd 
DC vactrum-lube I-oltm~tcr. calibratecl 
to read average center-€ requency-sh if t 
from the =signed transmitter channel 
frequency. 

To minimize the effects of minor varia- 
tions in the nrnplitude of the discriminntor 
input signal. r i  cnmpnsating circuit is 
ose11. This consists of a peak-reqmnse 
d i d e  wl tmrter, whose output is appl id 
to one side of t h e  balanced X)C vacunnl- 
tube voltmeter. Amplitude clianges affect 

FM DISTORTiOH-NOLSE MEASUREMENTS 

age nppenring acrnss tlie discriminator 
resistance contain thc modulation slgnaI, 
the tundcln~ental pulse rrwtition fre- 
quency, and a scrips of harmonics, The 
high fwq11encie.s are nhovt! the upper 
limit of the audio n~cns~~rcmcnt hand 
(i.e., 30 kc.), aml a high-pns: fiftcr i? nwd 
to separnte the drsirrrl nlodrilation ~ignal. 

Audib System * TIIF: entire audio system is 
coupled to thc discriminator Iry a stand- 
ard 7;-~nicroscmnd de-empllasis network. 
T l h  reduc~s thr  reactance lo:irl across the 
rliscriminator t o  imprm-e f l i p  linearity, 
and is an eflcctive low-pass filter which 
a t t ~ n ~ ~ n t e s  tllc puts? repetition frequency 
and its harn~onics. This is followed by an 
irnwrEnnce-transforming amplifier snd 8 

low-PRM 6lter wction wliich proyidc~ a 
rlniforr~i frequcnq*-response up to 30 kc. 
At this p i n t ,  t he  ryldio system divides 
into three separate circuits, as in rig. 8. 
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FIG. 10. PERCEHTAGE OF I M l T l A L  DEFLEC 

both circuits equally, and hence do not 
afTect the meter indication, Freqllmncy 
dlan~es are detected only by the dis- 
criminator, and hence appear as deflec- 
tions on the meter. Tile metering circuit 
is shown in Fig. '7, 
The AC components of the pulse volt- 

input gain control. This is intended for 
fidelity measrrremcrlts, and lias been 
design4 for very low residual noise nnd 
distortion. It has a low-pass filter scction 
on the output to w l u w  fustllrr the noise 
wsul t in~ from IF" and RP intplrfemncc. - 
The res~dual distortion level is less than 
. I s  wit11 a noise Ievrl of approrimatcJg 
-80 db, nnd is intended for u.w with 
an extemnl distortinn and no is^ meter 
such as the GR 1929-A. Input gain con- 
trol pcrnlits the output ef tlie ltrnplifier to 
be sct for a constant level of I.? volt 
wit11 translr~itlcr modulation swings rsq- 
ing Iron1 f l t lO  kc. to +6 kc. In the 
stanrind FXT Ijroadcast barid, this mr- 
rcsponds to a range of 1 3 3 5  to 8% 
mwlulation. For telev~sinn aural trans- 
mittcrs, tllc rangp is I Q%yJ to 135", modu- 
lation. Due to the dc-ernpllasis charac- 
teristic, the avnilnble signal level, for a 
givrn motI111ation swing tiecreases nt the 
higher audio frequenci~s. This limits the 
n~inimunl modr~lation wing. or nerccnt- 

<, 

age mdulalinn: at whicli measurements 
can be made when the audio frequency 
approaches its upper limit. Pig. 9 clliows 
the operating rnnge for these memure- 
ments. 

TIie third audio circuit comprises the 
motluJntion mensuring systeni, ih am- 
plifpr with a standam1 pre-emphasis 
charncteristic is meti tu  restore n. Rat 
frequer~cy-response, since the  modulation 
srving rriust be mc:isud without rle- 
enipl~nsis. F o l l o ~ n g  tibia i a  an amplifier 
vith mnt.inuon~ly adjustnhle gain. To - 
change the calibmtion of the entire 
mutlulalion system i t  is only nrcessnry to 
reset this one control. It has R range 
s l i ~ l ~ t l y  in exmss of 3 to 1. Hence the 
inslninwnt can he shiftcd readily from a 
cnlibration Ic~-el of 11107~ rnduIation for 
&T:i-kc, swing t o  n V ~ U F :  of loor$ m d u -  
lation lor &?3 kc. swing. as reqr~ird for 
monitoring tcl~vision aural transmitters. 

Tlir U I I  t p i ~ t  of this amplzer feeds two 
nimlirlation inrlicatir~r circuits. One of 

. I 
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,4 cn t l~odraup~ec~  amplifier provides tllcse consists oI an over-mdulation psak 
an audio signnl for direct connection to indicztor, which Rashes f i  panel lamp 
aural monitoring lines a t  a level of 0 dhnl rnl~cnrwr the insttmtneolrs modulation - 
Inr a rnorli~lation s r r i n ~  of i75 kc. The peaks rxceed a given s ~ t t i n ~  of n riisl 
image impedance i s  6rlO ohms, and has indicator. ,i thyratron tube is employed 
onr: sidc prnrlndetl. to flash a lamp connected in its anwlc 

h second amplifier is provided with an (COHCLUDED ON PAGE 36) 
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