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Abri'rr,cl.-A monitor fo r  u l r r 3 - l 1 i ~ h - f r e ~ u c 1 1 ~ ~ ~  tc lc l ' i \~on rrniorir har been dclclupcd rn provide cxrries- 
brequcncy n ~ o n ~ t o r i n ~  o t  the video tran\rni t tcr 37d bo111 cirrier-frcquencv and ~i indulat iun moniroring 
05 thc frn sound rrans~nit ter.  A iczturc r ) i  rhiq near monitor i s  tlic U'IC of  thc same refercnce crystal 
o s c ~ l l ~ t o r  for rnonirorin.5 both tr?nlmtticrc n.l~ilc srll l nilowirr~: inrlcpcndcnr monitoring of  each trans- 
rnlrrcr. Usc of a single precision rclcrcnce C ~ Y I E L ~  for btjtlx tr~r19rnittcr carrier frequcncics mstrr ial lv 
rrduccs error in cnmpu:lnR tnrcrcarricr ~ e p a r . ~ r i o n  frc.lucncv. A ncuv I ~a rn~un i c  gcnerxtrllq circui~ uriny: 
germanium dioder lhar bccn rle~~clopcd for the ulll rrsrc nf thc crysral-conctollcd mu1 t iplicr cllsin. .kp- 
xratc diodc mixcrs arc used for r l ~ e  hm sound and a n >  tideo monicnrs, and tlir rnwltipl~es chain i\ c p l l ~  
into two leg& to pruvidc adequxrc rsolstmn bctwl.cn tllc tu.o i >put  circuits ro prcserrc t lw Ford signs!-lo- 
no lw rar io o f  the t'm monitor. The fm signal i< hecerndyned wtth d reference c r y ~ r d  Ilarmonic, and 
t h e  rcrultnnt i f  slKnal i; ured ro operate z cycle-coun~cr-~vpc dl~cr irninaror w i th i l l  a qtandard type fnl  
frcqucircy and modulation moniror. Tl lc ridcn crrnrlnitter ri;nal IE alqo h ~ r e r m l ~ ~ ~ c d  with tiit ramc 
I~arrnonic of ~ l l c  refcrcrlcc cryrt.11. Thc rcrulrsnt IE rianal In t i l l \  case rcquires .I sccond convcrrion beforc 
appl~cat ion co a cycIc-counter-type frcqucncv incrcr. 

I. INTRODUCTION 
The monitoring system described here is intended to provide continuous indications 

of carrier-frequenc?f deviation o r  dr i f t  for rhe a m  visu.11 tranr;mittcr and both carrier- 
frequency deviation and modularion for thc irn sound transmitter of a standard 
television station. By sititable selection of tuning units, any channel from channel 2 
t o  channel 8 3  may be monirored. Eithcr tr,~nsmitter may be monitored ;llonr, and, 
of course, b o t h  may bc monitored simultaneoudy. A view of the completc asscmb- 
the  Typc 1183-T T-V Station Mnnirar, is shown in Fis. 1. 

W 

11. COMPARISON OF THIS MONITORING SYSTEM WITH 
PREVIOUS MONITORS 

I n  order ro make clear the  revisions in monitoring technique rcprescnted by chis 
new Type 1183-T T-1' Station Monitor, it ma): bc useful to review briefl?? the 
previously used monitorins system. Figure 2 slicsw~ a block diagram of the former 
system compared with the new onc. Thr sysrem shown in Fig. 2A comprises two 
separate monitors. Each monitor has its own reference crystal oscilta tor, the frequency 
of which i s  multiplied up to tha t  of the proper channcI minus the intermediate 
f rquency of the metering circuits. The c v s t a l  oscillators ltlicd are complctcIy 
independens, nnrl cach i s  operated on a freque~cy appropriate fo r  the  individud 
channel concerned. Cornparin5 rhis system wirh t h ~ t  shown in Fig. 2R, note tha t  one 
crystal reference oscillator is c o ~ n m o n  to both monitors. This nrrangcmcnt i~ adopted 
in order t o  provide improved stability by menns of a more srable oscillator n'ithout 
the necessity of providing two separatc highly s t a b k  crystal-controlled o<ciElaro~-s. 
T h e  second crystal oscillator rhown in the  T y p e  1171-A l'irual Tranrmitcer Frequency 
Monitor is essentially an interpolating oscillntor wllich always opcratrs n t  npproltimately 
4.3  5 mc, and hence contributes little to t h e  total error in frequency messurelnent even 

though i t  may drift by A srnnl! percentage of i t s  o p e r ~ ~ i n g  frequency. A sccond benefit 
is also dcrived from r h i ~  new system since thc fl.equcncy difference bctmeen the two 

carriers may now hc cscabli~hed with  grcat nccurncv. With  the pi~cviuusly u ~ e d  system 
of Fig. 2A, borh osci1lato1-5 could dr i f t  scpnratc!~, cach oscill,~tor b c i l l ~  allowed a 



maximum drift of slightly less than ?0.001% or appioximace!y half the transmitter 
tolerance figure. Thus, if both oscillaters shouPd drift in opposite directions from 
the proper frequency, the det difference between them could approach 0.002$0 of 
the carrier frequency. At 900 mc, this could reach a frequency difference of 18 kc 
In the intercarrier separation, enough t o  cause trouble in intercarricr-sound receivers. 
The new system eliminates this possibility while retaining the ability to monitor 
either carrier separately for adjustment purposes without the other being turned on. 

111. STABILITY CONSIDERATIONS 

The Federal Communications Commission has signified its intention to make 
frequency assignments of co-channel stations on an "offset-carrier" basis, onc station 
being assigned the exact channel frequency, another a frequency 15 kc above this 
frequency and perhaps mother  10 kc below. This is to be done to seduce interference 
betwecn stations. TIie tolerance with which these assignments must be maintxined 
is + 1000 cycles. The master reference oscillator of the new monitoring system 
incorporates a plated-electrode hermetically sealed quartz crystal meeting 'Western 
Electric specifications fo r  Type 20 crystals. This crystal unit in an oven maintained 
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a t  bObC t ;0 .13  provides rhe necessary _t300-cycle oscillator stability in the vhf 
band whcn used in tlrc oscillntor circuit which .rvc normally u ~ c  in General Radio 
frcquencg monitors. This oscillator circuit, which i~ s o m e w h a t  similar ro n Coipitts 
circuit, x~ses capacitor7 in scries with t hc  crystal, slruncing thc  grid-cnthadc and  
cnthode-ground capacitances of thc oscillator tube, thus cffcctively swampins out any 
changes in tube capacitanccs. 

A t  thc  present writing, the  F.C.C. has no t  announced plans for  offset-carrier 
operation in the  uhf t v  band. If tolernnccs arc narrowed in rhf future  as a ~.csult 

of the offset-carrier method of operation, an increase in rhc stability of the rnasrer 
reference oscillator of the monitoring system will be sufficient t o  handle thiq rcquirc- 
ment, since the rcst of the circuits arc alreadv stable cnourrh for this application. The 
f m  monitor metering circuits Ilave ; M error c n +2QO cycles, and 
the visual transmitter monitor has IES 100 cycle: :hc metering circuits. 

~f Iess thn 

XV. FREQUENCY MULTIPLIER s Y sl"EM 

In Fig. 2R it will be sccn tha t  the masrcr reference crystal oscillator in  rhc Type 
1170-AT P-M h'lonicor is follorvcd by a frequency multiplier chain with t w o  branche~. 
Both of these branches multiply up to the  same Iinrmonic of the crystal frequency, 
one branch feeding the miscr of the frn sound monitor and the other rhc mixer for 
the am T ~ ~ s u ~ !  monitor. By this branching of che frequency multiplier chain, t w o  
wortEiwhile rcruIts are ~chieved:  first, the f m  sound monitor input i s  isolated from 
tIic nm visu3I transmitter which is heavily modulated by the synclirnnizing pulscs, and, 
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second, the frequency multiplier chain branches are called on each to produce anIy 
as much output power 3s is needed for one mixer. 

V. FM METERING CIRCUITS 

The merering circuits of the fin sound monitor are unchanged from the former 
design shown in the block diagram of Fix. 3 .  The mixer fccds a signal a t  a n  intermediate 
frequency of 150 kc to an amplifier and limiter which produces a square-wave output. 
This square wave i q  applied to a pulse-counter type discriminator, the d-c output of 
which is used t o  indicate carrier center frcquency. The a-c component or cnvelope 
of the discriminator output i s  used to rncasurr modulation deviation, and after suitable 
de-emphasis to provide an audio output signal for aural monitoring and another for 
noisc and distortion checks. The de-emphasis and re-emphasis shown on the diagram 
for the modulation mctering circuit is used becausc of certain circuit  simplifications 
it makes possible. 

Rerno~e metcr indication of ccnccr frequency deviation 2nd modulation ptrcentase 
xre provided. h flashing-lamp-typc modulation pcak indicator i s  incorporated, 2nd 
this indicator i s  also provided with an extcrnal connection if desircd. 

Tlie ulcimatc signal-to-noise ratio of this f m  rnonitar i-i 3 function of the  f m  noise 
and bum in the rcfereilce oscillator and frequency multiplier sysrcm, combined wit11 
the mixer noisc and huin pick-up and the noise and hum added in the amplifier-Iimiter 
systcm. Thc re~idual f m  noise levcl of chis monitor in the vhf band is approximately 
72 db below 2 5  kc swing, and in the ub f  band it is probably l e s~  than 3 or 4 db worse. 

c blue already measured one figure of -68 db below 2 5  kc swing, and  the a c t u ~ l  
ise level map prove to be less than this. 

L-F SECnWI -- ------ - ---- --- 

Fig. 3-BEorK diagrum of f m  mnrrrl ~nani tor .  
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VI. UHF TUNING UNIT 

The principal changes rcguired for uItra-high-frequency use, aside from the revision 
of the monitoring system as di~cussed abo-ve, are found in t he  frequency multiplier 
chain and rhc mixer circuit. Figure 4 shows the replaceable uhf tuning unit for the 
frn monitor compared with che unit for channets 7-13 installed in rhc rf section of 
the monitor. The vhf unit includes only three tubes, two pentode frequency multipliers 
and one penr~grid mi~er .  The ubf unir incorporates rhree frequency multiplier tubes, 
two crystal-d~odes in a frequency multiplier stage, one acorn diode mixer, and a 
pentode beat amplifier. h bottom view of this tuning unit is shown in Pig. 5 .  A 
simpIified circuic diagram of the uIif tuning unit is shown in Fig. 6 .  The output of 
the second frcqucncy rnuItiplicr stagc in the pcrmancntlv mountcd sf section of the 
monitor i s  fed inzo the replaceable tuning units a t  a frequency betwee11 37.5 and 60 
mc. The first type 6AG5 multiplier in the uhf tuning unit is used as a doubler, driving 
the second 6AGS ns a buffer amplifier and inverter. The 6 j 6  is used as a 
tripler, supplying the driving powcr for the Typc 1N34-A germanium diodc frequency 
multipliers. These  diode^ are connected in push-push for doubling and push-pull for 
tripling to thc final output frequency. The output of this stage is coupled to the 
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nrixer by mean7 of a coaxial line and coupling loop, A type 9005 acorn diode is used 
as a mixer, and a hAG5 functions as a beat amplifier over the ranee of 50 t o  250 kc. 
The output  of this stage returns co thc permanently installed monitor inter~nediate 
frequency amplifier used normally to amplify the output  of the pensagrid rnixrr 
used a t  lowrr carrier frequencies. 

The mixcr circuit shown in Fig. 6 may appear nt first  lance to be something 
unusual althnugh i t  i s  acrually a co~ i~~cn t i ona l  circuit born of necessity. Thc ncccssity 
arises from the determination not to use coaxial liner or other distributed circuits, even 
a t  891) mc. T h e  small butterfly-typc varinblc condcnscrs used throughout thc uhf 
tuner wcrc found t o  havc  low enougl~ sclf-inductance to be sntisfrctory as suning 
clcnients. Ho~vevcr ,  in order t o  LISP 3 heater-cathode type of diodc it wes dcsirablc 
t o  ground thc cathode to minimize a-c hum. Hence the circuit shown is used witii 
the conden~er  rotor grounded and the diode connected across one side of the condenser. 
Transmitter input and local osciIlator are coupled in by Ioops, the transmitter 1003 
bcing adjustable for propcr input. A t  this point it  may bc in order to mention that 
s thermionic diodc was used in order to wEtI~stand accidental overloads due ro accidental 
maladjustment of the transmitter coupling system. T t  was felt that  avaiIabIe crystal 
mixers were not 3s well su;ted for this application as the type P Q O S  diodc bccnusc 
of this possibility of accident31 burn-out. 

VXI. CRYSTAL-DIODE FREQUENCY MWLTIPLIER STAGE 

In  thc course of development of this uhf tuning unit, some di&culty mas e ~ ~ e r i c n c c r l  
obtaining a frequcncy ~ntiltiplicr with appreciablc ourput  up to 900 mc. T h e  6J6 

d p c m t e d  as n Z>usl~-pull or  push-push multiplies sccmed to lose its punch above lho~irc 
400  mc with some snlall output  ar: I?ighcr frequencies but considerable tcndcnc?+ t o  
oscillate 2nd a gcneral tendency to obscure rhc harmonic cllcrgy nvailabIe by largz 
qumtiitics of ftindamenta1 output. Thc  usc of a non-linear circuit element ns a harmonic 
gcncrator nras thcn tried with a~lcccssful ~ e ~ c ~ l t s .  I11 fsci, tlic results wcrc 50 sati~f~cror!.r 
tllat no furthcl- worlc was donc on other typcs of frequency multipliers for tlic last 
multiplying qtape. Germanium crystal diodes offered the required non-linear eIcrnent. 

T h e  circuits used are shown in Fig. 7. Circuit A +hon,s rhe connection for doubling 
wich the diodes connected in push-push. Circuit B shows the push-pull connection for 
tripling. Since rhc diodes are cffcctively in serics across the input tuned circuit, rhev 
ndil only one half of the indiuidunl diorfe's capacitzncc in parallel wirh tlie tuning 
condenser. I t  is imperative in using tlris circuit to choose diodes with relatively law 
shunt capacitance since cven a relatively small capacitance added to such 3 circuic 
in this frequency range can restrict the tuning range :cdrastically and sometimes e\?cn 
drop the top frcqucncy below the required vnlue. Also, the capncitznce of the diode 
shunts  the ~ ~ o n - l i ~ ~ r : ~ r  ~ e ~ i c r a n c e  elumcnt. A rel;lrivcl~* high shunt capacitance coultl 
even require usc of a different c irc~t i t  opentirlg a t  n Iomer irnpcdnncr level. Fortunately, 
crystal diodes arc. much bcttcr in chis rcspcct than mort pin-base type miniaturc vacuum 
~ U ~ C F .  

Afrer somc preliminary work had shoxvn tha t  this method of harmonic gcner~tion 
was practical, power output  rneamrrmrnts were rnds which gave surprisingly good 
results. As representative maximum rcsults obtained, Circuit A.  Fig. 7, gave 61 
rnillin~atts out a t  534 rnc as a doublcr, and Circuit B gave 2R.5  milliwatts out  a t  
777 rnc as a tripler. Circuit C gives comparable outputs but also gives considerably 



hisher leakage of fundamental frequency power. Since this would be a possible spurious 
signal in a monitoring system, i t  was decided to use the Circuits R and B. After a 
number of measurements of harmonic output power from various types of germanium 
diodes, wc decided to use type 1N34A's since they have high and uniform output and 
are widely available !or use in manufacturing and for replacement. A photograph 
of thc muItipIicr as wed in the monitor is shown in Fig. 8. 

1.1 r. - - Crydd-diode fwqwcncy rnvlfifilitr cir- FI,F. 8 - P / ~ o l o ~  rrpb of c ~ ~ ~ F / N ~ - ~ I o $ P  frrrrrtc !ICY 

slrih. 311 ? ~ ! / ~ ~ I J L V .  

VXIX. VISUAL TRANSMITTER FREQUENCY MONITOR 

Thc rf tuning units for thc  Typc 1171-AT Visual Transmitter Frequency Monlror 
are substantially the  same as the repIaccable portions of thc rf scction of the f m  
monitor, except for the omission of thc umacd low frequency stages of the multiplier 
chain, nnd a certain amount of simplification allorvrd by the frccdom from signal-to- 
noise ratio problems. Since thc visual transmitter monitor dms not monitor modulation 
perccntagc, i t  is not critical with rcgard to signal-to-noise ratio. 

The remainder of rhc circuit of the vjqual transmitter frcquency monitor shown 
in Fig-. 9 is fairIy conventional. A plated-electrode quartz crystal similsr to tltc one 
used as a master rcfcrtmct: oscillator is used to control the frequency of the heterodyning 
osciIIator a t  4353.5 kc for the non-offset case. Th!s crystaI is in a ymall oven wit11 
only morieratc temperature stability which is quire sacisfactory for this applica~ion. 
~ h c  if inpur from the mixer is  supplied to a double-tuned input transformer where 
a small attempt i s  made to match the mixer impedance. The diode uhf mixer is 
conncctcd across a fixed capacitor of approximately 100 ~ p f ,  while thc pcntagrid rnixcr 
used for vhf is connected across the smaller air trimmer giving a somewhat higher 
input  impedance. The low side of thc  grid circuit is grounded directly t o  eliminate 
an). ~ n s i d c n t n l  pulse modulation of the grid. A high imp~dnncc plate load for  the 
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amplifier is provided by the tuncd circuit feeding the germanium diode shun t  limiter. 
The output  of this limitcr is essentially the interincdiatc frequency signal stripped 
ro a large dcK1.cc of ~ C F  arnpIitude modulation components. This signal is mixed with 
the crystal oscillatol- sign,~I ro produce a 3500-cycle b c a t  note which will s h i f t  in 
frequency exactly ns the carrier frequency shifc~.  This signal is fed thl-ouKll n low-pass 
fiitcr for rcduccion of any rcmnining 15,750-cycle line frcqucncy components to a 

b Juffer amplifier. This buffcr protects the output termination of the  filser from c k a ~ g e s  
due co long Iead~  \vhich may be used to connect to the frequency deviation meter. 

The  frequency deviation meter i s  a simple cycle-cwnter type with 3.5 kc n t  the 
centcr of thc rnctcr scale. An electrical suppreqsion of the rncter zcro is used ro 
a point a t  the mechanical zero which is really -k500 cycles electricalry. Hence  r h r  
meter scak r e d s  k 3000 cycles from the ccntcr zero, and  the rneter scale is so calibrated. 
Thc rncchanical zero is at thc left of the meter, and thc rncter rests there wIien thc 
inqtrument is turncd off, thc bucking currcnt  being applied from the reglilatcd power 
sllpply. 

IX. ACCURACY OF VISUAL TRANSMTTTER MONITOR 

Tlie anticipated drif t  of the 4353.5 kc crystal oscillator is less t han  t I0 cycles 
and the error of the frequency rnctcr i s  less tlian k 9 0   cycle^. Hence the net error in 
ii~dication of carrier frcqucncy f o r  the vidco transmitter is Icss than 2: 100 cycles 
ndded to tlic crror contributed by the master reference crystal oscillator locntcd in 
the Type 1 170-A'r F-hl .Idonitor. 

X. INSTALLATION AND SERVICING 

Some points of the design of t h i s  monitoring assembly deserve comment. The  
Typc 1170-AT F-kl Monitor is n large heavy instrument which is made large mainly 
to provide its  csccllcnt rignal-to-noiw ratio and freedom froni drift ,  and  to provide 
remote mctering facilities. A two-piece shield box has been devcloprd for thh  n~onitol- 
r p l -  iclr psoridrs for. the shield being boltcd into the  rack and the mntiitor being inctalled 



by slipping i t  into t h e  shield. Once thc shield is installed, i t  is reIatively simple to 
slip the monitor out for servicing. The back of the shield box is removable for inspection 
from the rear. 

The smaller instruments, rhc Typc 1 17 1-AT Visual Transmitter Frequency Monitor 
and thc Type I 1  76-AT Frequency Deviation Meter, are more or less con~rentional in 
design using familiar chassis and panel construction. The shield of the visual monitor 
does, Iiowcver, rcscmble the shicld of the  larKc frn monitor unit since it is ~nounted 
pcrma~~ently in the rack, and the monitor slides out for inspection. 

The power, rf input, audio output, and remote metering connections are all a t  

rhc rear. Test jacks are provided at  various strategic points in the monitoring circuits 
to aid in locating any improperly functioning or dead sections of the system. It is 
possible to operate the monitors in the rack rvhilc making checks on the circuit if enough 
sIack is provided in tlic cables, or if extension cords are added to enable thc monitors 
to be slid pnrtially out of their shielding boxes. 

XI. CONCLUSIONS 

In summary, the problem of providing a monitoring system for the t v  broadcasting 
station has been solved for all channels including the highest frequency in the uhf 
band. A single stable quartz-crystal-controlled oscillator is used t o  provide the reference 
frequency against which both aura1 and visual transmitter components are monitored. 
This oscillator uses a stable circuit and a plated-electrode hermetically sealed quartz 
crystal in a n  oven with good ternpcraturc stabilization. An interpolating crystal- 
controlled oscilIaror is used to provide the additional reference frequency requircd 
for monitoring the sccond transmitter. The carries frequency range covered by t11 

monitoring system has been extended to thc top of thc uhf band by the use o r  
crystal-diode harmonic generators as frequency multipliers. These diodes have long 
life and are easy to use in this application, thus nlecting the rcquircmcnts for rclinbility 
posed by broadcasting equipment. 


