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FM HARMONICS IN THE TV BAND

The sharp upsurge in ¥M broadcasting has in some instances developed
unlooked for interference with local TV reception. In every instance this
interference is in so-called fringe areas for TV reception and where the
strength of the TV signal is weak enough that outside highly directional home
TV antennas are necessary. -—--—- When this condition develops, the TV viewer
quickly learns from his service man that the local FM station is the offender.
---— The FM broadcaster is immediately deluged with requests to eliminate
the interference. In some instances CATV (Community Antenna Television)
systems are also offended as they pick up weak distant TV stations. --—-——-
What is the FM broadcaster’s responsibility? Answer: To meet FCC rules
and regulations as related to harmonic radiation of his M equipment but not
to guarantee perfect TV reception.

Below is a chart showing the picture and sound frequencies of TV stations
between Channels 7-13 inclusive. Channels 2-6 are not shown. FM harmonics
do not fall in these Channels. In fact, commercial FM station harmonics will
affect only Channels 8 and above ~ee-— look at the chart.

TV Channel Picture Frequency Band ---Mc--- Sound Frequency
7 175.25 to 179.50 197.75
8 181.25 to 185.50 185.75
9 187.25 to 191,50 191,75
10 ' 193.25 to 197.50 197,75
11 199.25 to 203.50 203.75
12 205.25 to 209.50 209.75
13 211,25 1o 215.50 215.75

The frequency range for commercial FM broadcasting is 92.1 Mc to 107.9 Mc:
-~ To determine the second harmonic of your FM frequency, just multiply your
frequency by 2. Example: If your frequency is 99.9 Mc, multiplied by 2 would
make a second harmonic of 199.8 Mc. By consulting the above chart, you will
note the second harmonic falls in the picture portion of the TV Channel 11,

Correct M Harmonic Radiation

The FCC stipulates that transmitters of 3000 watts power and over must have
a harmonic attenuation of 80 db., For 1000 watts, 73 db., and for 250 watts,

66.9 db. All reputable manufacturers design their FM transmitters to meet
or exceed these specifications.

Fringe Area TV Strength Versus FM Harmonics

Let's take a typical FM station that radiates 70,000 microvolis per meter at

1 mile. At 80 db, harmonic attenuation {as called for by FCC), this station will
radiate approximately 7 microvolis per meter at 1 mile on the second harmeonic.
In the case of our Channel 11 example, it is estimated that a fringe area TV
station from 60 to 90 miles distance would have a signal sirength of from 5 to
25 microvolts per meter. It can then be easily understood that a 7 microvolt
signal, well within FCC specifications, would definitely interfere with the TV
signal, yet with the FM broadcaster’s equipment performing normally.
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This is sometimes further aggravated by the FM stafion being located between
the TV station and the TV receivers. In this instance the TV antennas are
focussed not only on the TV siation but your FM station as well. The home -
TV antennas are beamed at your legal second harmonic as well as the fringe
TV station.

What To Do

When interference occurs, it will develop ragged horizontal lines on the TV
picture varying with the FM program content. If the TV sound portion is
interfered with (usually not the case), then the FM signal will be heard in
addition to the TV sound,

1. It is not up to the M broadcaster to go on the defensive. He did not put
the TV station 75 miles away nor did he select the TV Channel, ---- In
most instances the condition is a natural phenomena that neither you, the
TV station, nor the FCC can correct.

2. Do not adjust the FM harmonic or ‘'T’’ notch filters supplied with the
FM transmitter. These are factory adjusted and most F'M stations do not
have the expensive equipment necessary for correct adjustment. Tampering
with this calibrated adjustment will probably make the condifion worse.

3. Do not rely on TV service men's types of measuring equipment. They are
not built to accurately measure harmonics and invariably give erroneous
readings that invite the CATV or local service men's association to say
**I told you so.”’ Remember it is difficult to radiate harmonics if the
equipment is built to suppress the harmonics and it is,

4. In many instances interference may be caused by overloading on the front
end of the TV receiver. This problem usually occurs when the receiver is
located close to the FM transmitter. This problem can be overcome by
installing a trap tuned to the frequency of the FM carrier. The TV service
man can and must learn how to do this. In most cases it works, while in
some instances, if not properly installed or tuned, it will not completely
eliminate the interference. In one case where interference of this type
exisied, a TV station put traps for the fundamental FM frequency on
nearly every TV set in town. Not the FM transmitter.

Summary

The FCC is well acquainted with this nation-wide problem. If TV viewers write
FCC, complaining about your M station, remember the FCC has received a few
thousand simnilar letters. -—--— It is not the obligation of the FM broadcaster to
assure fringe area reception of a TV station any more than is the obligation of
the TV station to assure the M broadcaster perfect reception in his TV city.

Probably your installation will not have problems as outlined above. If they do
exist, don’t blame the equipment. Every transmitting device puts out a second
harmonic, even the TV stations. The fact that these harmonics legally fall into

the spectrum of a TV station many miles distant is. coincidental, but not your
fault,

Gates Radio Company
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SECTION 1-- GENERAL DESCRIPTION
1.1 Warranty and Safety Notice

This equipment is guaranteed under the liberal Gates
Warranty, terms and conditiong of which are fully set
forth in the standard Gates Warranty, available upon
reguest.

Most Gates manufactured items are guaranteed for one year,
with the exception of tubes and moving parts, which are
subject to specific warranties based upon hours of usage.
The Warraanty does not extend to "no charge"™ service on
the field.

Switch to Safety -~ This egquipment employs voltages which

are dangerous and may prove fatal 1if contacted by operaling
personnel. Extreme caviion should be exercised when working
with the equipment. Observe safeiy regulations. Do noig
change tubes or make adjustments inside equipment with any
voltages ON. While your Gates transmititer is fully inter-
locked you should not xrely on the interlock switches For
repoving high opersting voltasges. It is always best to dis-
conneet the primary power st the building wall switch and
dicscharge all capaclitcors with the grounding stick providel.

1.2 Purpose of Book

This instruction hook has been prepared to assist in the
ingtsllation, operation, and maintenaice of the Gaves F-3Ii,
3 KW, T transmitter. .

13 Purpose of Equipment

The Gates FM=3H is an FM broadcast transmitter with 3,000
waltts outpud deliverced %c the transmission lince., The opew-
ating fregquency is 88108 MHz with characterlstice exceszding
those required by the ¥ederal Communications Commission forx
standard FM broadeast service. The tranamititer is designed
for continuous broadcast operation and consists of the excilterg
intermediate power amplifier, and the power anplificr, plus
thelr associated power supplies. .

o4 Description L

Only onc cablnet is regulred to houge the entire vransmiiiter.
This cabinet is 42% wide x 78" high x® %2 %/4" Qcep. All neces-
sayvy metering is provided by four meters locsted on a meter
panel =t the top of the cabinet. Ready access to the couplete
transmltter is accomplished by rewmovalile rear door, hinged
access panel, and hinged cover of The exciter uvanlt. Front
doorsg are .provided vo offer s pleasing eand symmetrical feens

e Fri-aH
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1.6 Vacuum Tube Table

The following tubes are employed in the transmitter.

Symbol Designation Tube Type Funetion
Vé G0X2508 Intermediate Power
Amplifier
Vi LZ50004A Power Amplifier

SECTION 2 - INSTALIATION
2.1 Inspectiion

The FM-3H is carefully packed at the Gates plant to ensure
safe grrival at its destination. The equlpment is packed in
a numher of heavy cartons and wooden crates. Open the crates
and cartons carefully to avold damaging any of the contents.
Remove the packing materiel and search for possible small itens
. such as pilot lights, fuses, loose screws and bolie.

If damage shouvld occecur during shipment, 2ll claims should be
filed promptly with the traunsportation company. If o clainm
is to be filed, the originsl paekunf case and material nust
be preserveda A damagoe report must be filed to collesy fox
ghipping damages, Gates Radio Company ls not responsible fox
danage occurring during shipment. Parte or comyonentq ghipped
to replace those damaged in bransportation will be hilled Lo
the custoner plus transpor ation exXpensecs, the cost of which
should forn & portion QL your claim {to the transportation
COMPANY o

A ﬁomplete visual inspection should be made of ithe squirpssnt
Determine that there are no loose connections, loose compon~
envs, broken insulators;, ebtc., that nay have Loen ﬁsmafeﬂ in
shipment. Make sure all relay contacts are free sgnd in good
mechanical condition. Make sure all mechanical connectlons
arc tight. Check with a screw driver or a wrench, all mechan-
ical and elecitrical connections that are mEChanically bolte
together. All tie downe or blocking used for shipulng purposes
should be removed. A good oversll visual ingpsotion way save
time snd ftrouble in placing the transnitter into operaling
condition,

2.2 Packing Check List

Certain compongh 5 of Tthe transmitter have been removed Lor
shipment and are packed scparately to ensure safe hendling.
These parts on the I-3H have been kept to a bare minimuanm
and are plvg-in units and hr%v; components. Tvbesthat arve
not clamped down for noymal operation are 2ls80 Yemoved.

Phe following components have been removed from the transe
mltuer for shipping purposess

B il -5l
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Remount the two monitor coupling lcops on the exterior wertical
balun.

The lower end of the inner~conductor of the balun comnects Ho
output loading capacitor (06,

Loosen the Allen set screws on the adjustable portion of the
balun. The distance that this component is positioned verti
cally from the tube deck varies with operating frequencye.

Refer to your test date sheets for the proper measurement on
your assigned channel. This adjustment nust be sccurate within
1/8" for proper opsration.

The 4CX2508B, ceramic chimney, and exbhaust tubing sre installed
in the driver cubicle, fipure 7.4, Place the tube in its
gocket, slip on the ceramic chimney, and clamp on the anode
connector. Drop the exhaust tube through the opening of tho
upper tube deck to the top of the 4C¢X250B. Hold the exhaust
tube in place with 0 rings above and below the deck surfact.

Installing the 4C¥50004 is simple. Handling of this tubs is
covered in Section 2.4. The anode conneclor assembly secur
with a elamp to the tube and with = bolt to the plate lines
Coarse frequency tuning of the plate elircuit is determined by
the distance of the rotary porticn of the place c¢ircuit from
the 4CXD000A tube deck. This measurement is recorded in the
test data for your transmitlier snd should be checked bhefore
ogigaﬁing the transmitter. Tolerance here is approxirately
1 j "o '

ot
o8

Bolt the low pass filter in the transmission line betvecn the
Girectional coupler and anbemns coax, and your basic installa-
tion is complete. The welght of the low pass filter schould not
be applied to the 1-5/8" coaxial components directly. Provi-
sions should bhe made at the transmitter sgite $o have at leagh
two gupports for the filter.

2.4 Tube Handling and Operabing Precaubions, 4CX5000A

Avoid bumping this tubs. Due to its large mass, bumpling this
tube will introduce resultant stresses which may cause internal
CEMELC.

Before operating this tube, pléase rvefer tc the tune-up and
opcrating procedure given in Secction 3. It is recommended

procedure to adjust the equipwent for opverstion under heovy
plote loading conditions, and with only sufficient RF drive
to provide the required power output and efficiency.

Exyvreme care should be talken during tunc-up as well as in
regular service to avold, even romentarily, operating of this
tube under conditions of insufficieni vlaziec loading or excossoive
RF drive. These operaling conditions, especially at ths upper
end of the VHP range, will pw»eduvce excessively bigh seal zud/ow
buld temperature and will resclt in danege o this tune,

o8 jyns
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2.5 Power Connection

After the trapsmitter is physically in place and the componentis
removed for shinmeut have been reinstalled, AC power should be
brought to the transmitter. Referring to the installation
drawing, Tigure 7.2, the 240 V, 3 phase input enters the trans-
nitter in the lower right hand corner and connects Lo the

5 phase fusec block imumediately to the left. A 115 V, single
phase fuse block is locsted at the center and to the rear of

the transnitier with the inpud terminsls for the 115 volts,
gingle phasc towards the rear of the transmitiere.

The sudlio input line enters the base of the trausmititer at the
center apDPOL"natﬂly T from the fho t. The sudic line connects
directly to terminal bvoard T8l of the M~6425 exciter. Perminals
1 and 3 are the audic inpults and terminal 2 iz ground cor shiesld
cormection. If gbtereo ig used, the lines are conmected iv ag-
cordance with the informstion in the M~L(5%% sterec geuneratoy
ingtructlions, ‘

Phe power leads for +the transmitisr showld come from a low
reactance power eoucee of eithor 208,250, or 240 wvolis, 60 Hp,

3 phaze, with Hpnxﬁfmﬁ:'m- axn 8 Kva cavacity. 4 power scxrce

of 115 wvolie, 60 Hz with 500 wabbg caprolity isg slao roguirad.

The conduit 0¢ wiring of ths pover leadeo SLrulﬂ e in ar“reﬁeﬁt
wvith local eleobric codes snd hr ahlae to carwy the power raguilras
ments of the ftrensmiticr. Power leoads and nrof

o n Lesds should
not be yun in the zane anﬁus or dm Ths same wiring oaY I,
due to negessity, the program lezds are In cloosg proxividy do
ithe pover lealu, the ﬁTo&raw leede shovld be senpslately shioldad,

A good ground gt thesse FH frvennancics lo mandatory in kesping
RE curvente iv nearhy sudio eguimaznt to g ndniuem. RP “uqulﬁy
ghows up in one of two ways - Leedhzell or nigh nolse, and in
some cuses boih. It shovld be pointed out that even & sus
awount of unsiielded wire pakes a very efficieny anbtenna fov

iedd io sranafoerved
J‘\

to the grids of the sudic egquipmont, 1t dg rectified axnd shovs
wp as noise or feedback. We strongly rocc d & singls GORe-
men ground polat fyom the franamitter bsce e & good grounding
system such ag & walscr ples or actual sarthing ground, '

2.6 Cooling ,4?25;062, J%zf o Y00 Cra~

; £

G freguenciceos. If RP Yroa LJG ecebiuey 1
(I

G

-
£l
<o
o

The tranpsmiiter is airxr cooled’znd =9T¢ra1 kilowatvs cf hook
gipated throvgh the iz outled in thwe

Top of the Transmitier. I nay be ncce sary to provide a mezns
of exhsusting this air frow the transaliter romn 0P eaclonuro.
Heat is a major enemy 10 elpcvronie compornent dobterdoration

A gocd gystoem of remov 35 the hested air Erom the trsnsmitbon
and the bransmitier vocn, and providing cood wir for the air
inlet o“ the t””ﬂHMLbL\T will graatly proisnz the 1ife of the
tranenitier and its componenvs. Uuct work, 10 dnstalled, shouvld
net provide sny dback pressure to the pover zmplifier t"iﬁuﬂ P

3
AN
At vo point sbonlce the duvel have less of 8 eroes sectionsi

are developed and di
¢

o lm it
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area than the ¢pening at the top of the transmitter. Sharp,
right»anﬁle bends are not permissible. Where it is necessary
to turn a right-angle, a radius % e bend should be used.

There are many installation possibilities. Rach and evory
installation ig somewhat different. Therefore, it is rot
possible to glve complete detailed informsiion on the trans-
mitter ducting. Only general infomation cen be supplicd.
As a suégestlon, contact a local heat1n0 and cooling conw
tractor for a detailed analysis of the problem.

After the transpitter hag operated of Full oubput a numbew of

hours, a emgerauure - rise inside The Lransmituver must naot
exceed a rist 0f 200 G dbove the amnplent messured atl.ghe air
intake of The blower and must not rise dbbvgmﬁoc ¢ wnder any
elrcumstancega

L PR ol

SECTION 3 « QPERATION
3.1 Pro-Qperation

Before placing the Fi=-3H into operation, chack once agsin
-the points covered in Section 2., Have you movanted all conm-—
ponents physically and made these electrical comnestionss -

» Primary power to the 3 phase fuse block?
e 115 wvolts to the 1l phase Tuse block?
» Program lince comnected to the execiter?
115 voits for the crystsl ovens?
5@ Transmiticer comnecved to antenna or a svitabls loo

-P\.Na’\)i—’

::?a
Py

If everything appears $0 be in order, then you may proccud.
2.2 Test Data

Your eguipment has gone thlough meny different kinda of tesd
at the Galees factory and has been coperated for s evcrai haaru
on your assigned operating frequoncy. This is to ensure ﬁurw
rect adjnsament and- proper sevting of all controls. Hefewr {
the test data supplied with your tr ngmitter. This daita iH
attached to the front of the trunsmiiter when shippeds

3.3 Adjuatment

4 \-""
“Set the dial seulinge Go those given on the test data gheot,
Turn screen volvage control Ffully counterclockwlse.

Pvlmafy pow exr may now be applleW t0 the teansmitier by pushie
ingthe filament O button. The light behind the filanment 08
bu ston ghoudd light. Yext, the blower should begin to run
end come up 0 spced. After the blower renches mnaximim opeve
ating speed, ailr pressure in the P.i. enclomure will operats
the alr switch. Now run the P.A. screcn voliage conirol wo
the lower position (cownterclocikvise) on the sorzon rheoshub.

e -5 E
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T e,

Cheek the P.A. biag veltage snud adjust as necessary 1o
obtain the test data sbeet messureaents. During the tuae-
up procedure it may bhe necessary to inciesse the IPA voltage
to prevent the P.A, from drawing excesszive plate current.
The grid bias voltaze on the £:he i8 & combiaation of the

%

developad blas Tromw the RF ans LG Gomsteant Voltagze Trom too
bias supplv. The blag supply is set atb s comp?omise position

0 obtain the desired powsr mutgut and to xeep tne P.A. within
its dissipation ‘”trr ‘s dn cass oX RF folivve,

X}

Cloging of the airx sm'*rh will turn QN the PA filament volte
age which may be read with the multinester switeh on the meter
panel in the filament velbsroe pO“Lﬁtha Set the Lilanenty
voltage foxr 7.5 wvolta. Next, pl lece the multimeter gwiteh on
the meter panel to the driver caihode current position. Hhias
isg the UP pﬁS;beOHo} If the e ter Lo d”»l*?l%ﬁy noWar G
the driver staps, & rw*ﬂ'ﬁg o approximately 109 will be resd
on the multimeter. %vae the 135Lgxigw_§hln; *of & mexdiur
indigs stion. As this meter is reuding cathode curraent iH wiltl
also read the grid eurremt. The high volizge mdv now be
applied by pushing the high voltage O0F dbution. This “Hﬂplleu
piate and screen voltage to the IPA stazo mamultsﬂﬂcu xv Wi i h

%v-" r‘:' _‘
Loy

o
e

s

i P:

rﬁ' Q

LJ
ths apnlis 95;03 of plav4 ang sereen vollage Lr
r];}pj Li.ﬂ D I 1 Qé_-pp\ k) fj:“ o -’L;",\r' .__(-.‘-e._‘- r‘;ﬁa ‘t‘jq(} R .
untit Mﬂ; 1 Wﬂg&m _______ Graws aniigy

OYJ 'Lvh'-“ Muhul netel, Reoay :11"' A M AT T)I
for a dip in the TFRA cathods moter remumﬂgn ¥L .
cireult and loading are near thp;v oparating pos ]ﬁlﬂﬁui power
output of the zaplifier will be noticed,

Inereasc the scircen BEe avplifics by tringing
the sc:ﬁ?n Conteok f340 ph;iﬁiﬂy wAtil arnroye
imately 1 ampoers po DTV ur:'ri ia ingiasatod,
Pwm,._., e $he pin : sunidiler by adiusting
e piata u YuT o8 44 “3314, CUTYEIiT s WEXbe CRLILKE
the pooL:uun of the outpu® loading by YotEEEmE the oatplv

looding control to give a maximum outpub indicaticn.

The RI' owbput mebter ds the farihest ripghit-hand meter on the
PM-3H. Tve funection Ws doternined by the retawvy switeh (91)
4
L

logated on the unper portion of 4he acneas doorc You may reads

1. Forward pouer.

2. Moter saliby aii=q Low pexdvua gesle veading duridng

VOWR neasurenay -

2. V3WR on tne 13 an ; guion Line.
3¢t this %imcs 1f apnroxi-
mately & FCdy you shoald
ahook 1l the serecn oL
age or bs Jnuyna%bl
vnavil, ho waxirun, Tao piate
output load thuang should bo adjnstVL
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for the maximum outpub and the most overall efficient condi-
tion. ITo reduce the RF output ‘thewamount ofﬂarﬂvemto”ﬁbﬁ

Tlso the'outpuﬁ;can'bb“reduc“d hv‘dahreaslnmmthe'PA‘
scraen voltagq:

The multimeter switch (S10) located on the meter panel will
give an indication of the smount of drive to ths grid of the
PA tube. This is a relative indication and is read with the
neter switch in the DOWN position. It will be noticed thaty

max1muﬂ“erva"cond1tlon will be very close 10 uhe same poink

may, at some :requen01e and powcr 1ovelu, be different Tox
maximum output and for minimum driver plate curvent. A Con-
pvomise_should_bu made on the plate tu““_ay0¢wthﬁm&LlV&r_ﬂﬂr
OdE CUTTENy of gpurosinately 0%
FIoh & 1 :1aum O Gl 11 unln 9 on &1 ﬁerwagyl

0T Uhe aip.mav. ailect DA g Lol encx Y wg ROWer ou Lt

The'cperaﬁion of the transmitter is very simple and atiralghie-
forward, and once adjusted should require only 2 nominal "
amount of touching up the tuning at reguizy mainbtenanes periods. /

]

The overloads are set for correct operatlng level at the faolbory
Ihe IPA plate overiggﬁ ig.8es for anujv o1l ﬁcala rgmuiéjmg
th multim L e, EEghP."glgtg }er¢0du Lo sen Tor avpronlmatoly
d@ﬁere% n ate current, Gae fﬁ'ﬁ?maeu%b fa% tne cveffaad;
are 1oca ed under a small cover p]ﬁb“ Llocated on the front
access door. They may bz referred to by symbol PUW*““ on thae
schamatle (Figure 7.10). Power cutppt of the transmiticr may
\ba incerezsed or decreased by three conizols on ithe Lrsusuitlters
¢

Thae fivst ig the oubvit leadinzg, 1t is best $o lesve this
coptrol set ror mesTi nun 1@591ﬂ" on Lnu ampiificy a bh?& will

. L i LA P N a5
mm_‘mm@_hnh bee o) ad.wcp ed for marinon 'ommza {3,11 out the
een voliase be rgise L owe 3 ne de ViR,
giing namer(} mhn third control is the JPA scregu vo}uac
control, XHeducing this to its minilmm value will reduce the
drive and part of the bias to the final empinfinl enusling

it %o cweﬂloq and trip the plate voltage. It _may be cnax

ated in 4ts mowimum position without sny _dotrinsntal offegts
Bowever., 1o give partial conlrol to power QthUk 2nd sone
tolerance on the power oubpul of the IPA sitage 1% dg yegd ommorﬁaﬁ
that it ve run % svprowimately me i dtg Jull hgﬂlﬁ setiing

The output of the exeiter is adjusted wiith cutoui control of
the 10 W amplifier in the exciter and ig coversd in the
exciter msnual,

The trensmitter can easily bo remotely coubtroll
tion of the commsctions ig coverad in Seﬁﬁimﬁ 5.

s Bii-3H
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.
The PA tube snd the IP4 tube shouwld be reno

Two controls for selbiting the remote plate voltage snd plate
current for external metering are located under the cover on
the hinged access door and are shown by symhol number on the
schematic. ’

tion for power outpute.

3.4 Maintenance
Maintenznee of the Fli-3H should comsist of the folliowing

l. Keeping the transmitter clesan.

2. Changing tubes when cmis ﬁion falls of7.

%. Checking mechanical connectlons and fasternings.
4, Ianbricazting the bdlower motor.

Keeping the transuitter clecan frem the accuwnulation of duct
will reduce fallure resulting from arcing, dirty reley contacts,
and overheating of chokes, resistors, and transformersz. Eleg~
trogtatic fields are %iust caitcherst, Support inavlatc:a RN
the PA enclosure and cother locations are The worst ofisn a¢$a
They must be kept clean and free of 811 forelgn nﬁlﬁr¢u1 at 211
times, If nout, arcing may result and the lnsulator shaitierced.

The aiv fillers should he clean at all {limes. 3
it should be discorded and replaced with 2 new oneo JHC filtar
is a disposable type and may be c¢btaincd at a harawvare or
heating supply svore,

Oace & month the entire traagswitter should be clesncd of dus
The inzide oFf the power avplifier sheorld be *bowau;nlv wafed
clean of dust. A small brush, soft rag, and vacuwsn oleansi
can be uged very effectlively in xeeping the u%uﬁprdh oloait.

A1 caontactors and releys sbould be inspaciod regulsily fov
pitting and dive Ths convacts should e boraishcd and
clconoed i rbuuiredn The overload relayse are tzlopione Type,
with sealed contacts and should requira .itile stihention.

Tha hearings for the wotoy of the PA blowar ave gealed and
normally gilve Long Hrovble frec operation. Theyerns lubrlcated
for appro thately 20,000 hours of aresion.  After thia pexiod
ol operation the grease in thsse hea4¢nbs should be chahJﬂ&c
This is done by taking the drain plug out of the bolthon ol the
bearing ard & grease {itting attoched %o $he uwpper plug on tha
bearing. Neow greass should he applicd until clean EToASe 1uny
out of the drain plug at thes botltom. It 18 suggesteld The

blower be removed for this maintenance,

ved once o monih
and the fins c¢leared of dust. Air rmay be dlown thrcugh the
Tins in the reverse 4irxection or the anode clesned with Rond
and water or deansiured aTcuROLB

Eygﬁ“)g@,{,ucg el / -m_,s TEONS MrTTeEss (485 Siewons T/.«‘r;’?' P4 Ve

= - ; o e e 1
FICTER S wEepT Ty g GARTER Ly Fibe Clipnn
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This transmitter is a precision electrical device, and as such,
should be kept clean at all times and free of dust and foreign
material. Dust and moisture condensation will lead %to possible
arc overs and short conductive paths.

A good preventive maintenance schednle isg always the bemt ASSUTe
ance for trouble free trans m1c»nr operation. -

SECTION 4 - CIRCUIT DESCRIPTION

The FM~3%H circuits will be described in the following sectlons:

Power Amplifier Power Supply
Intermediste Power

Amplifier (IPA) Control Circuits
Exciter Metering

See Tllustration T.T.
4.) Power Amplifier

The pewer snplifier of the MM-3H amplovq a single 4CX5000A
tetrede in a common cathods anpllerL cireuit. The plata
circuit is inductively tuned by varying =a Jengih of irmer-
conductor of a transmission line within vhe rectangular ocuie:x
conduetor. The plate line 1s epprovimately one- ~HH 1T WAV O
length long, belnz foreshortened by the output capeciiy of the
tubeo Phe large VquahJO portion of the line is uvsed for rouvgh
or approximate freqguency getting and the end of the hall-wave
line is made variable for plate circuvit tuning. This iz con-
trolled from the front panel. The fine freguency coptrol covers
approeximately 3 MHz at the low end of the FIf band and approwe
imately & MHz at the higher end of the band.

Output coupling is accomplished by capscity tuning a balun.
The balun inductively couples RF power from the amplifisy
enclosure.

The PA grid circuidt is cowmmon with the IPA plate circuit. The
IrA plate inductance, I~0, IPA plate tuning capacitor, C-20,
and the input capacitor of the PA tube form a modifled pl cireunii.

Rvyesﬂang of the PA screen and filsments is accomplished by
using a number of high volitazge ceramic capacitors with lead
lengths kept as short ag po"ﬁjh&uﬂ

In sonmo tﬂuﬂumlhbﬁrS? egpecially at the higher operating fre-
qhenaAesg there ig a capacitvor conunected between grid and
cathode of the PA. This capacitor is usuql)v 25 pPe . or

60 pF. .. fhe purpose of adding thin component is to dmprove
the overall performence ¢f the power ampjltxcrn

‘ SRR WAL
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4e?2 -IPA

The intermediate power ampliiier employs a 4CX250B tetrode in
a common cathode circult. The grid circuit is capacity tuned.
The plate .circuit is common with the PA grid as previously
explained. 3Screen bypassing ls effected with the built.in
bypass of the 4CX250B air system socket. The IPA cathode is
bypassed with four ceramic button capscitors.

4.,% Execlter

The FM exeiter is described in detail in the exciter instruc-

4.4 Power Supply

Only one high voltage power supply is used in the FM-3H, It
gsupplles 4.3 KV for the PA plate and 2 KV for the PA scrosewn
voltage, and the IPA plate., The basle configuration cf the
supply is a three phase full wave bridge. 2 KV is obtained
from-the center tap of the transformer to supply the IPA plets
and also supply the gource for the variable voltage of beltween
300 V. and 1500 V. for the PA screen grid. Series limliing
resistor, R-47, prevents the PA screen grid from over~dissipating
in casc the PA hag a loas of plate voeltage.

The 0 %o 270 Volt variadble supply Tor the IPA screcn volitage
is s8lso derdved f{rom the 2 XV center tep source. R2Z6 Lo ths
control.

The rectifiers for the supply are molded silicon colunns
mounted on a panel sttached to the side of the transmitter.
The six columng are wired to fovm.a three phase doubler cireult.

The FA biasg supply is 2 gingle phaae full wave bridge clrouit
using eilicon reetifierg, Grid hias belweoesn 90 to 175 vwoliyg
i supplied to the PA control grid. The blseder resistow
across the supply, R-41, will also provide additional hias
voltage if the PA grid current due to RP drive causcs grid
current to flow about 40 ma with 160 volts fixed bias. B39
igs the bilas adjust contyol. '

.5 Control Circalils

The control clreuiits of the ¥H-3H consist of the followings

K1 Primary Contactor - applies voltage to the filaments,
exclter, and energizes the blower.

X2 Plate Contactor - appliosr primsiy voliage to the
plate transformer (K2 is cnergired after E3 closcw.)

!

10 Pi~3H
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....Kﬁ

- K

- X5

- K9

Step/Start Contzetor ~ closes. Then K2 is energined,
shorting out the contacts of K3 and the 1 ohw resis-
tors. Step/Starting of the high voltage supply is
accomplished by X3 closipg first and applying voltag
to the $resnsformer primary through 1 ohm resisiors
R22, R23%, and RZ4.

Avxiliary Relay - applies holding voltage to the
Step/Start contactor K3, if the air switon and door
interlocks ave closed.

Recycls Relay w~ energlzes when either the PA overloand
or IPA overlead relay is encrgized a number of times
The number of times ig delermined by control R2%. The
tTwo overdoad relay contacets are ia series across the
relay clyouit for K5, When elther 0.5, relay energizes
and the contacts open, (%5 etarts te charge. I1If the
contocts are open for g sufficient 1enbth of time Loz
036 to eharge %o the peint that the veltage will enerw
gize K5, the contacts of Kb will alOdk ?he hold clrcultd
ol X4 ahi the plafe volitage will bhe switched 0r¥F. If
K5 cdoes noet operate, the overload contachts wlll caonas
after an ovcrtoud and the plate conbtactor K2 will egain
ercrgis

The Underdrive Roelay -- will prevent applicaticn of piste
and screen voltage To the TFA and P.A. until the grid
currens of the IPA reaches 8 ma. or more, K49 is located
onn vhe frownt accesp door below K4, The contasts ol K9
are in geries wiih Ooor interlocks, In case of a platc
volbage trip out due 1o low IPA grid current the raoyols

ciruui will not operate. Only IP4 and P.A. Dlate avede
load will operate the recycle civeultbe.

Alr Switch - c¢loses after the alyr pressuvre 1n the plermam
regches proepexn PIessure, closing the intericcelk cireunlft
and ewiteniaug primary voltage to the PA Filsment transge
formerm

4.6 HMetering

All necessary mevering of the FM-3H is cromp]z ghad w

tore
V..L'it:tﬁ

el fowe
net meter povcie nultinsler pro-

n

locsted on the cahi

the following:

IPA Cathodoe Current
PA Filameni Voltage
PA Drive

4 metering rectifler cizeult is calibrated al the factowy to

give PA fileanent voliesge ¥ead on the muldimeter, A PA dvive

detector, ccupled to bhn o) d clrouwits provides a DC voliage
ip o}

to the

multimeter to indicote the presaence of RF in the PA

grid encloaure.

] % Fhde B
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The second meter réads PA plate current and is located in the
Plate B'lead. Ths meter is properly insulated and isolated
behind a probeetive plexiglass cover.

The third nmeter recads plate voltage and iz logsated on the low
potential side of the meter mulviplier resistor.

The fourth meter is for indicating power cutput and VSWR on
the transmission line. This nmeler works in cosnjunction with
the directional coupler mounted in the output transmisgsion
line. '

SECTION % - ADDITIOHAT INTORMATION
5.1 ERemote Control

Remote control facilities are bullt ixto ths Fil-3H and recuires
only couneaticn to either the Gates RDC-10U remote control unih
or the Gates RDCE-2004 remote control equipment. The commections
to the transwmitter are made at TB-6 locaved in the base ol the
cabinet. Terminal connections for the functions are showy on
the schematic Fig. T7.10,

The functions are:
1. Pailegafe, Prinaxry 0H-0IF.
2, Momentary (OH-0FF for plate volbtage,
%» Ralge=Tower for adjusting powoer cutpni.
4, FYlate voltage petoring.
5., Plate curxasnt moetoring.
6. BRI power oulput metering.

5.2 Stereeophnonic Cperaiion

Provislion hag been provided for the instellation of the Gatos
M-65%% stereo genevator in the ¥ exciter. Instructions for
audic counnectiens ere given Iin the M~6425% manual. With the
edadition of the M-05%3 sterco genervator tlhe tranemitter tyre
mwaber bocomes FiGS=5Ha
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5.3 F--2H PARTS LIST

Symbol No, Gates Part No. Deseriotion

AL - Neon Lamp .25 W (part of S4i)

A2 Neon Lamp .25 W (part of 55)

Bi ' 432 0010 000 Blower, 1/3 H.P. 3500 RFM,

| 115/230 V,

B2 ' 436 0013 000 Motor, 1L RPM, Ratlio 3210-1, 110 VAC

C1,C35 516 0043 (000 Cap., 470 pf., 1 KV, Ceranic dinc

¢c2,C3 516 0054 000 Cap., -00L uf., L KV, Ceramic disc

C6 014 1912 001 Var. Cap., 6-~12 pf. (modif.)

Cc7 516 0233 000 HY Csp., 500 pf., 30 KV, ceramic

G8 thru Cle 516 0205 000 HV Cap., 500 pf., 5 KV, ceramic

Cl8 thru C23 516 0206 000 Cap., 1000 pf., 5 KV, ceramic

C24 522 0071 000 Cap., 50 uf., 25 V. electrolytic

C25,G49 516 0227 000 Feedthru Cap., 500 pf., 500 V.

C26 520 0228 COO Plate Tune Cap., 0~50 pf. Var.

c27 thru €30 516 0250 C00 Gap., 500 pf., 500 V. button type

Cx1 Cap., (paxrt of tube socked)

G32 520 0158 000 Grid Tuning Cap., 5-30 nf. Vev.

G33,054,048 516 0054 000 Cap., 001 uf., L XKV, cevcanic Aisc

C55 . 522 0133 000 Cap., 16 uf., 450 V. electrolytic

C37,038,047 516 0082 000 Cap.s 01 uf., 1 XV, ceraric¢ dise

C39 516 0200 000 Cap., 25 pl., 7.5 EV, ceranic

Ch2 524 001% 000 Cap., 30-3C uf., 525 V. plug-in

Cl4s 4G 510 0510 000 Cap., 8 uf., 3 KV.

C51.,C652,C053 516 0389 CCO Cap., 600 pf. 10 KV,

C56 516 0210 000 Cap., 200 pf., 7.5 KV.

CR1 284 0006 000 Diode, Germanium, 1N544

CR2,CRe 286 0016 000 Diode Zeper, 10 V. 10 W. JH2974

GR3,CR4,CRY 284 0020 000 Rectifier, Silicon, 600 PIV, 1N207:

CRS A84 QL%4 000 Diode, IHOLL

DG1 927 %270 003 Divectional Couplew, 4 KV,

FL,F2 398 0182 000 Fuse, Cartridge, 10 aup. 250 V.

P35, P4 .85 398 0319 000 Tuse, Cartridge, %5 amp. 250 V,

Fo - 39& 0213 000 Fuse, Cartridge, 8 aup. 250 ¥.

By 208 0017 000 Yuse, Cartridge, 1 emp. 250 V.

F1.d. 902 1600 00O1 Low Pagss Fidlter

FL2 942 3928 004 Hoteh Filter

J1 Gr2 0230 000 Receptecle, "ULEY

J2,J3 61% 0237 Q00 Reseotacle, "BUCY (pavt of FLE)

J4 612 0233 000 Recepbacle YH"

K1 570 0120 ¢OG Pri. Contactor, 4 pole, 110V.

50/60 Hz.
X2,K3% 570 0119 Q0O Plate/Step-~Start Contachor, & pols.
' _ 208/220 V.,

i 574 €039 000 Contral Relay. DFDY, 110 V¥, &0 Yo,

Ao Fite5H
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— . . . . - - - B T —

Symbol No. Gates Part No. Descripiion

x5 574 0054 000  Recyele Relsy, SPDT, &€ K olm
K6, K7 572 0125 Q00  O.L. Relay, 13; 1b, 6 VIg

K8 572 006& 000 Screen Voltage Control Helay, 2C.
K9 ~ B72 0052 OO0 Grid Underdrive Relay

Ll 913 82388 Q01 Variable Coupling Section

12 g4z 3910 Q0L Plate Tine & Coupling Assembly
L3 826 9569 001 Plate Choke

T 454 Q004 0OG PoAe Grid RP Choke, 7 uh.

L5 913 9%3% 001  Drive Flate Choke Assembly

L6 91% §343% 001 Drive Plate Coil ELaw Band)

16 913% 9346 Q01  Drive Plate Coil (High Band)
L7 81% 8%79 001 Driver Grid Coil

I8 813 9380 001 Driver Input Coupling Coil

L1% 476 0014 000 Reactor, Bias, 6 Hy.

RPRRZY 476 0186 000  Reactor, Pe.hs 2 Hys

15 476 0035 000  Reactor, Driver, 10O EHy.

ML 632 0547 002 Multimetor, 0300 HMA; 0~10 V.

. . and 0100 Scale

Cﬂé) 6%2 C&a10 Qo2 Meter, Plate Current, 0=2 Anp.
M3 632 0546 002 Flate Volitages Meler, C-5 KV Scalc
M4 632 0582 002 Meter, PWR, VSWR 0-2C0 uh.

R1,R2,R3,R4% 540 0594 000 Res., 200 ohm, 2 W, 5%
RS, R1LYT 540 0058 000  RBes., 2400 oha, 1/2 W, %4
R6,R9;RL3,Re5 550 0067 000 Control, 30 X olm.
R7 540 Q070 000 Res., 7500 ohm, 1/2 W, 5%

RS 550 G023 Q00 SYR Control, 10 K ohn, 2 W.
R10 542 0204 000  Hews.; 5 ohmy 50 V.
R11,R28,R51 550 0061 000  Control, 1 K chm, 2 Ve
Rrl2 540 0580 GO0  Res., 51 okm, 2 W, 5%
RL4 540 0745 Q00  Res., 3300 ohm, 2 W, L0%
R15 540 0CE3 000  Res., 6200 ohm, 1/2 W, 5%
R16 540 0073 000  Rese, 10 ¥ ohm, 1/2 W, 5%
ri8 550 0054 000 Deiver Fil, Adjusl Combrol, 5O olu, &V
R22,R2%,Be4 542 0164 000  Res., 1 chm, 25 W
126 552 0807 000  Conzroel, 20 K olum, 50 V.
R27 . 542 0085 000 Roge, 10 X ohm, 10 W.
R29 550 0055 0RO OoTie Adjust Control, 100 ohm, 2 W.
R20 B42 0058 Q00 Res.y 50 ohina, 10 V.
R31 542 0166 000  Res., 5 ohnm, 25 W.
B3Z S48 01ET 000  Res., A6 okm, 2 W, 19
1535 552 0380 GO0 Fohe ¥ile Adjust Rucowtat,
10C cunm, 100 ¥,
R3Q 552 0324 000 Biss Rhsostat, % K ochm, 2% W.
R40 540 0579 000  Res.y 47 obm, 2 W,
R4l 542 0218 000  Res., 4 K ohm, 50 W.
RAS 542 0224 000 Res.y 10 K ohm, 50 W.
R&G 552 0427% 000 Sereen Bhecstetl, 10 ¥ ohn, 150 ¥,
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Symbol No, Gates Part No. Description

R47 B42 0370 000 Rese., 1b K ohm, 200 W,
R4S : g1l3 3424 001  HMeter Multiplier, 5 magohm
R49,R50 542 0312 000 Res., 100 K ohm, 100 W,
R52 . 540 0628 000 Res., 5100 ohm, 2 W, 5%
R53 540 0301 000 Res., 51 ohm, 1 W, ;é‘
R6O,RO1L,RE2 542 0090 000 Rese, 7000 ohm, 10 W.
R63,R64 542 03%09 600 Reg., 50 K obhm, 100 V.
R65 542 0327 000 Res., 2000 ohn, 160 W.
sl 600 0162 €00 VSWR/bﬁLa Rotary Switech
82,88 604 0196 000  Door Interlock Switch
53 604 0284 000 Fil. OFF Pushbubtton Switch N.C.
Sé 604 0283% 000  Fil. ON Pushbutton Switch N.O,
(?5 604 0286 000 HV OFP Push 8Switch, H.C.
§6/ 604 0285 000  HV ON Push Switch, N0,
604 00%2 000 Remote Tocal Toggle Switceh DPDT
59 604 0258 000  Alr Switeh, .3 to 1" W.C.
S10 602 0055 000  Multimeber Selector Switeh, 2 pole,
3 Pos.
s11 602 0056 000  Biss Low/High Voltage Lever Switch ,
i 2 pole
512,815 604 00%2 Q00  Low/High Voltage ILimit Switch
71 472 0409 000 Poho Fil. Transformew
T2 472 0090 000 Driver Fil. Transformey
T3 472 0208 000 Pelo Bias Transforner
T4 472 053%% 000  HV Pwr. Transformer
TEL 614 0068 000 Perminal Board, 2 terainal
783 614 0071 000  Bias Supply Terminal Board, 4 ferminal
TBL 61/ 0052 000 Molor Control Terminal Board, 8 termingl
TBS 614 Q114 000 Terminal Board, 6 terminal
TB6 614 0104 000 Bat. Ct) Terminal Board
Vi 374 0015 Q00 Pedo Tube, 4CAHO00A
Ve 24 0081 000 Driveyr Tudbe, 4CX2H0EB
XC42 404 00LE 000 Socket, Ocial

nglg 2 & 6) 402 0015 000  Fuse Block, 3 pole
XFP3s 4 & 5) 402 0087 000  puse Rlock, 3 pole

T 402 0021 000  Fuseholder
XVl 404 006y Q00  P.hA. Tube SHocked
Zve2 404 0082 000  Driver Tube Socket

71 thru 76 %84 0235 000  Rec lLiO“ 10 BY.
7 384 0121 000 Bia Surp“} Rectifier

1 Y

a7
jan

‘ilj; .
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ADDENDUM TO INSTRUCTION BOOK 888 0924 001
M6425 TE-1 FM EXCITHER

Gates Radio Company is supplying a % 4B isolaticn pad, ATL
(992-2241~-001) with the TE-1 FM Exciter. This should be
installed between the RF output of the exciter and the inputb
of following amplifier stages.

The TH-1 exciter is capable of supplying RF drive in excess
of the amount needed for most transmitters. The pad provides
additional isolation and de-coupling between the exciter and
following amplifier stages.

When the Ti-1 exciter is supplied in a Gates transmitter, the
pad is already imstalled. If the exciter is supplied alone,
the pad can be installed at any convenient point in the trans-
mission line bebween The exciter output and following amplifierxr
stage. Coaxial RF fittings are mounted on the pad for ease of
installation.

PARTS. LIST

AT]1 Tsolation Pad, 3 dB —— 992-2241 Q01

Symbol No. Gates Stock No. Description
612 023% 000 Receptacle, Type "N"
612 0237 000 Receptacle, Type "ENCY

R35,R36 540 0598 000 Res., %00 ohm, 2 W.

R37,R38, '

R39, R0 540 0584 000 Res., 75 ohm, 2 W.

8/24/67 Gates Radio Company

Quincy, Tllinois
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INSTRUCTION MANUAL
FOR
M-6425 FM EXCITER
AS USED WITH
M-6533 STEREO GENERATOR
AND
M-6507 SCA GENERATOR (S)

1B 888 0924 001 Gates Radio Company
Quincy, Illinois

www americanradiohistorv com
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SPECIFICATIONS
M-6425 EXCITER AS USED WITH
M-6207 SCA AND M-6533 STEREQ GENERATOR

MECHANICAL:
Width: 9
Height: T4
Depth: 12-1/4n
Weight:

(Uncrated) 52 lbs. (monaural only).
3 lbs. (SCA generator).
6 1bs. (sterco gencrator).
Finish: Beige
Semiconductors used throughout.

All sections of exeiter shipped in proper position

ready to use. Remote Control Facilities Included:
(see cxplanation on page 3).

ELECTRICAL:  (Monaural Operation).

Frequency Range: 38 to 108 M=

Powor Qutput: 10 Watts {min.).

RF Harmonics: Suppression meets or
exceeds all FCC re-
quirements.

RE Output Impedance: 50 ohms (BNC connector).

Oscillator: AFC controlled.

Frequency Stability:  .001% or better.
Modulation Capability: Capable of +100 klz(+ 75
kHz = 100% modulation).
Audio Input
Impedance: 600 ohms balanced.
Audio Input Level: +10 dBm = 2dB for 100%
modulation at 400 Hz.
Audio Frequency
Response: Standard 75 microsecond
FCC pre-emphasis curve
+1 dB, 30-15,000 Hz.

Distortion: .9%, 30 to 15,000 Hz.

FM Noise: 65 dB below 100% modu-
lation (ref. 400 Hz).

AM Noisge: 70 db below reference
carrier AM modulated 100%

Toemperature: =-20° to +50° C.

Altitude: 7.500 ft.

Power Requirements: 117 VAC, single phase,
60 Hz. 85 watts.

ELLECTRICAL: (Stereophonic Operation).

Pilot Oscillator: Crvstal controlled.
Pilot Stability: 19 kHz =1 Hz 0° to 50° C.

Audio Input
Impedance {1t & rgt): 500 ohms balanced.
Audio Input Level
{Ift & rgth: +10 dBm 1 dB for 100%
modulation at 400 Hz.

Audio Frequency
Resp. (ft & rgt): Standard 75 microsecond,
FCC pre-emphases curve
+1 dB, 30-15.000 Hz.
Distortion (Ift ur rgt): 1% or less, 30-15.000 Hz.
FA Noise (Ift or rgt): 80 dB (min) below 100%
modulation (ref. 400 Hz).
Stereo Separation (Ift
to rgt or rgt to 1t

channel): 35 dB (miw 30 to 15.000 Hz.

Sub-Carrier Suppression
(with or without
modulation present: 42 db {min) below 90%
modulation.
*(Crosstalk (main channel
to sub~channel or
sub-channel to main
channel): 42 dB (min) helow 90v:
modulation, 30-15,000 Hz.
Sub-Carrier 2nd Har-
monic Suppression

(76 kHz): 60 dB or better below 100%
modulation.
Power Input: 24 V DC at 50 ma. (1.2 watts).

NOTE: Stereophonic measurements o be made from
an FCC approved monitor or an equally de-
pendable method used such as waveform
measurements from a wideband, linear dis-
criminator. A spectrum analvzer may be
used in conjunction with a wideband dis-
criminator to measure crosstalk and dis-
tortion.

ELECTRICAL: (SCA Operation).
Frequency: Any SCA chammel betweon
25 and 75 kHz.
Frequency Stability: +500 Hz.

Oscillator Type: Two Colpitts heterodyned
to produce desired output
frequency.

Modulation: Direct FM.

Modulation Capability: Capable of +7.5 kHz (+5
kHz considered 100% -~

modul ation).
Audio Input
Impedance: GO0 oluns balanced.
Audio Input Level: +8 dBm, +3 dB for 100%

modulation at 400 Hz.
Audio Frequency

Response: 41 kHz and 67 kHz. 50
microsecond, modified pre-
emphasis. 67 kllz response
modified for proper opera-
tion when used with stereo
to conform to FCC specs.

Distortion: 1.5% (or hetter) 30-15,000 Hz.
M Noise (main channel
not modulated): 55 dB min. (ref. 100% modu-

lation 400 I1=z).
Crosstalk (sub-chan-

nel to main channel

and stercophonic

sub-channel): —-60 db or better.

##("rosstalk {(main chan-

nel to sub-channel): 50 db helow 100% modula
tion (ref, 400 Hz) with main
channel modulated 70% hy
frequencies 3(-15.000 Hz.

*measurement to be made using an L=R signal for
sub-channel crosstalk and an L=-R signal for main
channel crosstalk.

*rorosstalk measurements to he made from an FOC
approved monitor using 75 microsecond de-emphasis.
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1f FCC model not available, an cqually dependable
method or instrument to be used.

Power Input: 24 V DC at 40 ma. (.96 watt).
Automatie Mute Level: Variable from 0 to —40 dB
below 100% modulation.
Exciter is internally equipped
to manually or remotely
switch from monaural to
stereo operaiion. On mon-
aural operation, normal right
audio input connections are
switched to the 41 kilz SCA
position, if used. Remote
functions are accomplished
by a single set of external
relay contacts {closure re-
quired for stereo operation.
External relay should pro-
vide a holding function.)

EQUIPMENT DESCRIPTION

Remote Control:

The M-6425 exciter unit is completely self-contained.
Attach it to the 117 V. AC line, connect audic input
wires, and you have a complete 10 Watt M Transmitier.

These same features are also very desirable in building
up power level to the kilowatt(s) level. The exciter
casily connects into the control circuitry of high power
transmitters.

Silicon transistors and dicdes are used throughout all
circuitry, {exception Q7 and CR1, CR2 in the SCA unit
only). These are greatly superior to the older germani-
um types because they are less sensitive to heat. Con-
siderable transistorized equipment placed in service 15
years ago, is still running. It is felt that silicon devices
will groatly increase life expectancy of transistorized
equipment. This exciter is air cooled and after several
hours of operation, it is difficult to detect any heat
whatsoever on any part of the exciter enclosure.

INSPECTION

All portions of the exciter are shipped in place and
ready to turmn on. When the unit is received, immediately
inspect it for damage that may have occurred in tran-
sit. Look for loose screws and tighten them. If real
damage, either concealed or ohvious is determined, im-
mediately call the transportation company that delivered
the material to you and go over the damages with them.
They will either note the shipping waybill which you
have or give you a damage report, indicating that you
may proceed with repairs. Order the necessary parts
from Gates. Gates will bill these parts to you, and

you in turn can hill the parts to the transportation
company under the damage claim.

Remember most transportation companies like to tell

vou that the equipment was damaged beyond their con-
trol. All Gates equipment is shipped in approved pack-
ing containers and you are not obliged to pay for any-
thing broken in transit, but the transportation company is.

INSTALLATION

You will receive this equipment on one of two ways: Al-
ready mounted in a high power transmitter, or as a separate
unit which may be mounted separately in a rack cabinet or
as a replacement in a transmitier for an older type of ex-

citer. If the unit 1s already in a transmitier, intcrconnec-
tions to the exeiter have already been made. If you re-
ceive the unit separately, refer to interconnecting diagram
838 2064 001 for proper connection to the unit. Be sure
the audio input wires are shielded. Connect 50 ohm coax
from J1 (RF output) cn the rear of the exciter enclosure
to whatever type load is to be used.

Do not physically mount the unit in a place of excessive
heat or dirt. While this wiil probably not really damage
it, you wouldn’t lay a precision watch on the top of a hot
and dirty amplifier.

OPERATION

Capabilitics of this equipment are far in excess of mini-
mum FCC specifications. In addition, each exciter unit
is tested on customer frequency. This insures that the
unit was operating propetly when it left the Gates plant.
Unless the unit has been shaken up considerably in
transit you should he operational by merely applying 117
volts to the proper terminals as shown on the intercon-
necting diagram.

Qutput of the cxciter should he connected into either a
dummy load, antenna, or a following amplifier stage.
After connecting 117 V. AC to proper terminals on the
exciter, power switch located on the power supply may
he turned on. Observe the output frequency on a stan-
dard FM frequency monitor or by using a frequency
counter. Make sure that the AFC ON-OFF switch (81)
is in the ON position.

CAUTION - Do not attempt to fine adjust the output fre-
quency unless the oven heaters have been
on for approximately 30 minutes. The over-
all exciter unit should be on for at least ten
minutes before attempting to fine adjust the
fine or center frequency control.

If the exciter has been turned on for the prescribed length
of time the center frequency may be adjusted by center
frequency adjust control R59. This should be done with
no modulation applied.

Setting to obtain the proper output frequency should cor-
respond very closely to the figure recorded by the Gates
test iab when the unit was tested on customer frequency.

Qutput frequency should stay well within FCC specifica-
tions over long periods of time without any readjustment.

Reset drive control (R11) on the 10 watt amplifier sec-
tion for the desired output level if this is necessary. A
large change in this setting may affect the center fre-
quency setting.

Apply sine wave signals to the audio input terminals for
initial observation of programming if so desired. Set the
proper audio input levels by ohserving modulation per-
centage on a staddard FCC approved monitor. Proof of
performance data using sine wave signals may then be
made by proper connections of a distortion analyzer to
the FM monitor.

The unit is now ready to be used as an FM transmitter
or as a driver for higher power stages. Fidelity may be
checked on any high quality FM receiver by listening
checks.
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SCA OPERATION

Each exciter unit has provisions for two SCA units
{(M-6507). The exciter may come equipped with them or
these may be added at a later date without changing
any cabling or wiring whatsoever. Normally the SCA
generators will be on either 41 or 87 kHz. The units
should be placed in the slots shown on the intercon-
necting diagram 838 2064 001. Audio input terminals
ott the rear of the excifer unit will then correspond to
the proper SCA unit.

With no main channel modulation on the carrier turn on
the SCA time constant switch (81) to the defeal (D)
position. This will turn the SCA generator ON. Set the
output level of the SCA generator (R30) to modulate
the main carrier as desired. Usually 10 to 15% modu-
lation of the main carrier is sufficient. Do not excecd
30% modulation of the main camrier hy the SCA genera-
tors. This figure is the total of all SCA generators
that may he employed.

Check frequency of the SCA on FCC approved monitor
or hy a frequency standard. If frequency needs to be
re-adjusted retune L3 or L4 slightly with non-metallic
tool provided. Use narrow screwdriver blade. SCA unit
must be removed from cabinet to do this. SCA unit may
be reconnected to proper cable plug while setting out-
side of cabinet.

Program the SCA generator to the proper level as read
on a multiplex monitor. Set the mute switch to the de-

sired tine constant. This determines how soon after the

programming stops that the sub-carrier will turn off.

Set the mute level control (R32) to the muting or quiet-
ing level as desired. This will generaily be at a level
approximately 30 dB helow the normal 100% modulation
point.

STEREO OPERATION

This exciter has provisions for using an M-6533 com-
posite stereo generator. This may he received with the
generator mounted in position or added at a later date
without changing any cabling or wiring whatsoever.

The stereo generator may he used in conjunction with
either one or two SCA generators. Automatic switching
is provided that allows the normal right sterco program
to be changed to the second SCA generator when not in
a stereo transmission mode.

A total of 16 variable adjustments are provided on the
stereo generator. Eleven of these are located internally
on the printed wiring board. These twelve adjustments

are considered to be one time factory adjustments re-
quiring special equipment. They shonld not be re-ad-

justed except in cases of severe trouhle. Contact the
Gates Service Department first.

Four controls are provided on the front panel of the
sterco generator. Pilot gain, pilot phase, output level
and L+ R gain. Those adjustments located internally
on the printed wiring hoard have a double underline
underneath the description of control on the stereo
generator schematic. Front Panel adiustments have

a box drawn around them on the schematic.

In addition, a pilot defeat switch is provided on the
front panel of the stereo generator for test purposes
only. This must be placed in the "composite! position
for normal programming.

Adjustments located on the front panel of the stereg
generator will rarely, if ever, need adjusting. Adjust-
ment should generally not be attempted unless an FCC
type approved stereo monitor is available.

All of these controls were properly adjusted al the
factory and do not normally drift. Set pilot gain -
irol for 8 to 10% modulation of main carrier With 0o
Thaio input applied and without anv SCA modulatjon

ol main carrier.

Sel owtpul level so normal programmine modulates
main channel at prescribed level, 90% (+10% pilot)

or if a 67 kHz SCA is being transmitted, 80% (+10%
pilot +10% SCA). These are maximum figures allowed.

Set L+ R gain control for equal L+ R and L. -R ampli-
tude. This may be done by ohserving the output of the
generator. The zero axis of the composite signal
should have a straight line dividing the upper and
lower half.

Set pilot phase control for best separation as read on
stereo monitoring equipment. If none is available,
connect an L.=—R signal to the audio inputs on rear
of exciter. Set the signal generator to about 50 Hz
and ohserve waveform on an oscilloscope connected
to stereo generator output. Set pilot phase so that
the corners of the "eyes" of the pattern are pointing
directly at one another.

A "mono", "stereo", *remote" switch located on the
audio unit picks the mode of transmission. The right
stereo audio input connections are swilched to the
41 kHz SCA input when not in the stereo mode. The
stereo generator is then completely removed from the
circuit.

Remote control equipment may he connected to ap-
propriate terminals on hack of the exciter enclosure
and the stereo-mono functions performed remotely.

MAINTENANCE

(leneral maintenance should consist of merely keep-
ing excessive dust out of the exciter unit. This ap-
plies particularly to the perforated metal screen over
the exhaust fan. Make certain that this does not be-
come clogged with dust and dirt.

It is not deemed necessary or advisable to remove
covers from individual modules to clean them. They
are well shielded and protected.

Exhaust fan (B1) should be lubricated annually. This
may be done by removing plug button on ventilation
screen.

TROUBLESHOOTING
Since cach individual unit is checked on customer
frequency before shipment. the exciter should operate
properly with a minimum amount of effort. If unit
fails to operate properly, re-check to see that all
plugs fit tightly into the receptacles on each in-
dividual module.
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The fincst of cquipment will, of course, occasionally fail
as there is no such thing as 100% infallibility.

If problems develop they can usually be isolated by vefer-
ring to the appropriate block diagrams. Once the problem
lias been isolated to an individual module. That module
may be checked by referring to the appropriate schematic
for that particular module. Each schematic has a series
of voltage or waveform measurements made on it to assist
in troubleshooting.

A word of caution though, the voltage and waveform meas-
urements are subject to some normal variation. Also, if
different types of instruments are used to measure the
voltages and waveforms a slightly different reading can
be expected.

Complete circuit description and adjustment procedure
has been included in this manual to assist in trouble-
shooting. A complete tune-up should not be attempied un-
less proper test equipment is available.

A *Cause-and-Effect” table is included in pages follow-
ing to speed up the isolation of problems.

NO CARRIER OUTPUT

Check that power supply is providing 24 Volts DC. If
pilot lamp of power supply does not light check that S1
on power supply is "ON*, Check that 117 V AC is sup-
plied to proper terminals on rear of exciter. Check 117

V fuse, F3, on power supply. Check F1 of cabinet inter-
cabling. This is located on shield box behind power sup-
ply. (Refer to interconnecting diagram).

If pilot lamp on power supply lights, check 24 V. and
150 V. fuse.

If power supply is providing proper voltages, check out-
put coax of exciter for short or open circuit.

Determine if modulated oscillator is providing cutput by
listening to FM receiver tuned to operating frequency.
Measure output level of modulated oscillator if equip-
ment is available. This should be on the order of .5 to

1 V. RMS open circuit.

If modulated oscillator is providing power output to the

10 watt amplifier, trace the RF signal through the ampli-
fier stages and compare AC and DC voltages with those
values given on the schematic.

CARRIER OFF FREQUENCY

Check "locked" and "unlocked" frequency. If frequency
is further away from the correct value when AFC defeat
swiich is on than off, fault probably lies in AFC unit.
Check if fine frequency control knob has been misad-
justed. Check power supply voltages.

Check that modulated oscillator oven is warm and if
crystal oven of AFC unit is warm. If only the crystal
oven becomes cold, total drift will only amount to a few
kHz and is easily compensated for by re-adjustment of
the fine frequency control. Loss of heat on the modu-
lated oscillator circuit will cause a considerable drift
pf frequency. I the cause of loss of heat can not be
immediately determined, modulated oscillator may be

retuned to carrier frequency and operated temporarily
without an oven heater. Center frequency drift must
then be ohserved more often and the problem should
be solved swiftly.

Some types of frequency monitors will provide a nearly
“on frequency” reading even though the carrier is ac-
tually several hundred klz off frequency. The right
frequency is the one where the AFC unit locks instead
of kicking the frequency monitor off scale. In parti-
cular, care should be taken not to tune the modulated
oscillator very far helow the correct frequency or the
AFC unit may lock the carrier to its image frequency
which is 400 kHz below the proper frequency.

EXCESSIVE CARRIER SHIFT WHEN
MODULATION IS APPLIED

This problem is usually caused by a defect in the AFC
unit hut is generally of a minor nature if the carrier
stays on frequency without modulation. Check that a
sufficient amount of RF sample is being fed to the in-
put of the AFC unit. A few hundred Hz of drift is really
not objectionable and may be considered normal. Also,
some frequency monitors will show a carrier shift when
nonc is present.

HIGH DISTORTION

Most apt to oceur in the consoles or audio lines connec-
ted to the exciter. No active elements such as transis-
tors are present in the exciter at audio frequencies.
Unless there are other symptoms of improper operation,
the fault will usually be somewhere else than the ex-
citer itself.

HIGH NOISE

Attempl to identify noise as to type. If 120 Hz ripple, check
power supply. If 60 Hz, momentarily disconnect power from
oven heaters to see if it is coming from that source. Dis-
connect audio input wires. If noise is coming from that
source, see that center tap of audio output transformer of
audio console is not grounded. Check for problems with any

type of isolation devices that may bhe present in a remote
controlled system.

Disconnect plug from audio unit and any SCA generators
Fha}t are used. This shouid isolate problem as to whether
1t is in the modulated oscillator or not.

EXCESSIVE CROSSTALK - MAIN & STEREO CHANNEL
TO SCA CHANNEL

This most often is the fault of the detector and IF strip

of the SCA monitor or SCA receiver. Determine if high
crosstalk is present on more than one receiver. Check
that crosstalk is not actually present on audio input wires.

Crosstgxlk may occur in improperly tuned states of either
transmitter or receiver. The tuned stages of the exciter
amplifier are very broad and not apt to cause trouble.

POOR STEREO SEPARATION

Check for proper waveform appearance at output of stereo
generator and at output of menitor or receiver detector.
Check if pilot is on and is modulating main carrier 8 to
10%. Check pilot phase.
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COMPLETE CIRCUIT DESCRIPTION AND ADJUST-
MENT FOR EACH MODULE

(Refer to block diagram and appropriate schematic).
POWER SUPPLY

The power supply consists of a two section unit which
supplies a regulated 24 DC volts and a regulated 150
DC volts. Both sections of this supply receive AC
voltage from a common power transformer. With regard
to the 150 volt supply, diodes CR1 through CR4 recti-
fy the AC voltage and the pulsating DC voltage is then
dpplied to a filter section consisting of C1, C2, R1
and R2.

Q1 is the series regulator for this supply. A portion of
the output of Q1 is sampled by reference diodes CR5
and CR13 which are temperature compensated. Tran-
sistor @3 compares the output voltage with that sup-
plied by reference diodes CR5 and CR13 and adjusts
the gain of Q1 by means of amplifier Q2 so that the
output voltage remains at a constant value as deter-
mined by voltage control R4.

With respect to the 24 volt supply, diodes CRE through
CR9 rectify the AC voltage supplied hy transformer
T1. This rectified voltage is applicd to filier section
3, C4 and R7. Q4 is the series control transistor
that actually regulates the 24 volt supply. A sample
of the output voltage is compared in Q7 with a refer-
ence voltage supplied by temperature compensated
diodes CR10 and CR11.

Any change in the output voltage is amplified by Q8
and Q5 which then causes series control Q4 to re-
turn the output voltage to the value set by control R 11.

The output voltages will remain relatively constant
over a temperature range of from - 20 {0 +70°C. The
output voltages will also remain constant as the line
voltage is varied from 85 to 115% of normal 117 volt
AC supply. Normal load variations will also cause no
voltage change in these supplies.

For a normal AC input voltage of 110 to 125 volts, the AC
1nput should be connected to the black and the green/ blk
primary leads of T1. If normal AC line voltage is very low,
say 109 volts or less, the black and the white/blk primary
leads of T1 should be used. If normal AC line voltage is
125 volts or more, use the black and the white primary
leads.

An AC line voltage change of from 85 to 115% of normal
should cause a change of no more than .05 volts on the
24 volt section. The 150 volt section should change no
more than .5 volts with this same line voltage change.

Normal adjustment of this power supply is to set R4 for
an output voltage of 150 volts and R11 for an output
voltage of 24 volts. Power supply is then checked to
see that line voltage variations or load variations do
not cause a voltage variation beyond normal limits.

MODULATED OSCILLATOR

Carrier frequency of exciter unit is generated by an emit-
ter coupled oscillator circuit. This consists of tran-
sistors @1 and Q2 in the modulated oscill ator unit. This

circuit will oscillate anywhere in the standard FM
hroadcast band by adjustment of tuned transformer T1.

Transistor Q3 isolates the oscillator circuit proper
from any output variations occurring in the load that
may be connected to J13.

Normal monaural modulation or signals from a composite
stereo generator will modulate the oscillator circuit
when connected to pin 2 of J10. Modulation is accom-
plished by varying base bias voltages of transistors

Q@1 and Q2.

Frequency drift of the modulated oscillator is controlled
to well within FCC specifications by first placing the
entire circuit in a chamber held at a temperature of 70°C.
Secondly, any drift from assigned frequency is corrected
by error voltages from an automatic frequency conirol
unit. These error signals are applied to diodes CR1 and
CR2 in such a manner that they return the output fre-
quency of the modulated oscillator to the correct fre-
quency. CR1 and CR2 are silicon diodes biased in the re-
verse direction. As such, they appear as voltage vari-
able capacitors and are directly comnected into the
tuned tank circuit of Q1 and Q2.

If SCA modulation is being used, it is applied to the
opposite side of the voltage variable capacitors CR1
and CR2 in such a manner that it does not interfere with
the frequency control characteristics or with audio or
stereo modul ation being applied to Q1 and Q2. By iso-
lating the three modulation inputs as explained above,
crosstalk is held to a minimum.

Power output at Ji3 of the modulated osecillator c1rcu1t
is on the order of 15 to 20 milliwatts.

Normal adjustment of the modulated oscillator is to
set it exactly on frequency with the oven warmed up
and AFC defeat switeh on AFC unit off. AFC defeat
gwitch is then turned on. T1 is the only variable ad-
justment of the modul ated oscillator and when "free-
ranning* will tune the modulated oscillator from 83
to 108 MHz. SE£EE PAGE [/FA

Normal "pull in" range of the AFC/modulated oscil-
lator combination is about 1 kiiz for every 50 to 75
kHz drift of the modulated oscillator. In other words,
assume that both the "free-running" and "locked"
frequency are exactly the same and no deviation from
correct center frequency exists. If the -free- running"
frequency of the modulated oscillator changes 50 to
75 kHz, the AFC control should retum the locked fre-
quency to within about 1 kHez.

Normal pull in is somewhat better when the modula-
ted oscillator has drifted below normal center fre-
quency.

10 WATT AMPLIFIER

The 10 watt amplifier consists of a four stage ampli-
fier. Transistors Q1, Q2 and Q3 are single stage ampli-
fiers while Q4 and Q5 are paralleled to obtain the de-
sired output ievel.

Maximum power output of this amplifier is 10 to 15
watts. Actual power output is determined by the set-
ting of R11 an input drive control.
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Transformers T1, T2 along with associated capacitor
C4 and C7 match the output impedance of these stages
to the input impedance of the following stages which
is very low. Inductor L1, 1.2 and capacitor C14 and
C15 mateh the output impedance of Q3 to the low im-
pedance of transistors Q4 and Q5.

The output circuit of Q4 and Q5 is a modified Pi type
of circuit consisting of L5, L6 and C19 and C20.

An RF sample for the AFC unit is obtained from J12
through capacitor C22 which sets the level of the de-
sired RF sample. This sample appears at J4 on the
10 Watt amp.

Normal adjustment of the 10 watt amplifier is to tune all

adjustments for maximum power output. R11 the drive con-
trol is then set for the desired power output. /
¢ *MUST ge exmer
C22 is adjusted for QTV%%L_RMﬁ across a 50 ohm load
(located in AFC unit). This should be done with the amp-
lifier supplying the desired power output. If the power

output of the amplifier is substantially changed, C22
must be re-adjusted.

AFC UNIT

QOutput frequency of the exciter is maintained exactly
on frequency by the AFC unit. A sample of the RF oui-
put is fed into J9 of the AFC unit and compared fo an-
other RF' sample 200 kHz lower in frequency.

An internal RF sample is generated by a crystal con-
trolled oscillator Q1 operating at approximately 1/3
the output frequency. Crystal Y1 is mounted in a 70°C.
oven for maximum stability. Q2 triples the oscillator
frequency so that the RT sample obtained from L2 is
200 kHz below the operating frequency.

These two RF samples are then mixed hy diodes CR1
and CR2. Low pass filter L5 and Cl14 and C15 filters
out all but the difference of the two R samples. Tran-
sistors Q3, Q4 and Q5 successively clip and amplify
the 200 kHz signal applied to the base of Q3. This
sigl’jnal7is further limited by transistor circuitry Q6

an .

Width of the pulses obtained from limiter circuit Q6

and Q7 will vary as the 200 kHz intermediate frequency
drifts upward and downward. It is the purpose of the
gate circuit Q8 and Q9 to limit the width of these
pulses to a pre-determined value regardless of the
frequency.

The AC-DC converter circuit Q10 ohtains its opera-
ting voltage from an isolated 150 volt regulated sup-
ply. Neither output terminal of the 150 volt supply is
at chassis ground potential. As the duty cycle (con-
duction time) of Q10 is varied the average voltage
appearing at the collector of Q10 will vary accord-
ingly. This fransistor is driven into conduction and
saturation by the constant width pulses applied to
the base of Q10 from the gate circuit. The duty
cycle of Q10 is thus solely determined by the number
of pulses arriving at the base of @10. The number

of pulses per second is, of course, determined by
the intermediate frequency as one pulse is genera-
ted for every complete cycle of the intermediate
frequency.

A reference point for the error voltage is set with respect

to chassis ground by center frequency adjust control R59.

The filtered DC error voltage appears at terminal 4 of J&
after being filtered by resistor R54, and capacitor C38.
This DC error voltage will be exactly zere when the in-
termediate frequency is 200 kHz.

When the output frequency of the exciter drifts upward,
the intermediate frequency will drift upward and change
the duty cyele of Q10 so that a positive DC error volt-
age is obtained for application to the voltage variable
capacitors in the modulated oscillator cireuit. This
error voltage causes the capacity of these diodes to
increase thereby lowering the output frequency to its
assigned value.

If the output frequency of the exciter attempts to drift
lower in frequency the opposite action occurs.

The purpose of CR13 is to prevent a positive error volt-
age of over approximately 1 volt from appesaring at the
AFC output terminal J8 terminal 4. If this were not
dene a sudden positive surge such as when the exciter
is initially tumed on, would cause the modulated os-
cillator cireuit to seek its image frequency because

of the sudden application of a positive voltage.

Adjustment of the AFC unit consists of tuning 1.1 to
the crystal frequency. L2 is adjusted {o three times
the crystal frequency. Approximately 4 VEMS is then
sampled from the output of the exciter at J9 and mixed
with the internally generated standard frequency to
produce a 200 kHz IF frequency.

R59 is finally set in comparison with a frequency stan-
dard so that the oufput frequency of the exciter is cor-
rect.

R62 is sometimes varied in value to compensate for an
average shift of carrier frequency when modulation is
applied.

AUDIO UNIT

The audio unit supplies the modulated oscillator with
all main channel modulation (excluding SCA). When the
function switch is in the "mono" position, left audio
input is filtered and pre-emphasized and applied di-
rectly to the modulated oscillator unit. The composite
stereo signal including the pilot is completely re-
moved from the modulation input of the modulated os-
cill ator.

If the function switch is in the "stereo® position, left
and right audio inputs are filtered, pre-emphasized and
applied to a resistive matrix. They then connect to ti}e
stereo generator. The composite stereo signal including
pilot returns through the audio unit for application to
the modulation input of the modulated oscillator.

Left audio input circuitry consists of three fundamental
types of circuits. First, is a 19 kHz notch filter con-
sisting of L1 and C1.

Resistors R1 through R5 and capacitors €2, C3, C4 )
along with inductor 1.2 is a 75 microsecond pre-emphasis
section.

The primary and secondary impedance of T1 is 600 ohms.
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Right audio input circuitry is exactly indential to left
audio input circuitry.

When selector switch S1 1s in the stereo position, out-

., put of the left pre-emphasis section is connected to the
primary of T1. The secondary of T'1 connects into the
matrix consisting of R13 through R18. At the same time,
right audio input signals are routed through the right

19 kHz filter, pre-emphasis network and T2. The sec-
ondary of T2 is also connected into the resistive matrix.

Output of the matrix then produces the L-R and L+R
signals for application to the signal unit of the stereo
generator. At the same time the composite signal along
with the 12 kHz pilot is connected through the relay to
the input terminals of the modulated oscillator. The 41
kHz SCA (if used) is muted when audio is not applied.

When S1 is placed in the mono position, audio input
signals connected to the left audio input, again pass
through a 192 kHz notch filter and the left pre-emphasis
network. There the signal terminates in R11. R11 may
be adjusted to produce the desired modulation level for
a given level of audio input.

Also, with S1 in the mono position the normal right
stereo inpul terminals are connected through relay con-
tacts K1 for application to the input of a 41 kHz sub-
carrier generator unit if it is used.

The stereo generator is completely bypassed when S1
is in the mono position and no stereo signals (or pilot)
can modulate the main carrier.

When S1 is in the remote position the mono to stereo

functions may be performed by the contacts of a remote
control relay. This relay must perform a holding function.

To adjust the audio unit, S1 is placed in the mono posi-
tion. A 400 Hz signal at a level of +10 dBm is connected
to the left audio input. R11 is then adjusted so the car-
rier is modulated 100%.

A "Left=Right" signal of 400 Hz is then connected into
the left and right audio inputs and S1 is placed in the
stereo mode. R18 is then adjusted for minimum 400 Hz
signal level at J11-10 (L~R out).

A "Left =minus Right" signal of 400 Hz is then connec-
ted into the left and right audio inputs. With 81 in the
stereo mode, R17 is adjusted for minimum 400 Hz sig-
nal level at J11-6 (L4R out).

A 19 kHz audio signal is fed into the exciter left audio
input terminals and L1 is set for minimum output of 19
kHz signal at J11-6 (L+R out). The 19 kHz is then fed
into the right audio input terminals and L3 is adjusted
for minimum 19 kHz signal at J11-6 (L+R out).

L2 and L4 are adjusted for a 16.8 dB rise in output
level at 15 kHz as compared to a 400 Hz signal. This
is also measured at J11-6 (L+R out).

Finally, coils L1 through L4 are retouched slightly for
minimum L4+R to L.-R crosstalk at 15 kHz. This is ac-
complished by connecting L=R and L.=-R signals into
the exciter input terminals and measuring output levels
at the L-R and L+R terminals of the matrix.

SUB-CARRIER GENERATOR

This unit generates the desired sub-carrier {frequencies
{usually 41 or 67 kHz) by utilizing two separate self-
excited oscillators operating in the vicinity of 900 to
975 kHz.

Q1 and Q2 are the individual oscillators and are of a

type normally known as Colpitts oscillators. Q1 is

set to oscillate at 900 kHz and Q2 is set to oscillate
-at 941 or 967 kHz.

.. These two outputs are then mixed by dicdes CR1 and
CR2 and all but the difference frequency is filtered
out by L5 and C13 and C14.

The sub-carrier frequency is then amplified by Q3
and applied to a tunahle low pass filter consisting of
L6, L7, L8 and C19, C20, C21 and C22. This filter
removes all harmonics of the sub-carrier frequency.

Audio modulation is applied to the individual oscil-
lators Q1 and Q2 by push-pull audio transformer T 1.
The audio is modulated onto the oscillators by vari-
ation of base bias voltage.

An audio shaping network is connected ahead of the
primary of T'i. When connected as shown the audio
response wiil rise up several dB at b000 cycles with
respect to 400 cycles reference. Above 5000 cycles
the response will then tend to roll off.

When this generator is used as a 67 kHz sub-carrier
unit for use with stereo capacitor C1 and C2 are dis-
connected. This then functions as a sort of de-em- .
phasis circuit rolling off frequencies above 3000 cycles
so that sidebands are not generated which would
interfere with the stereo signal.

A portion of the audio input is applied to a muting cir-
cuit consisting of transistor @4, Q5, Q6 and Q7. Tran-
sistors Q4 and Q5 amplify the input audio to practical-
ly a square wave. This is then rectified by diodes CR3
and CR4 for application to fransistor 4Q6.

When audio is applied, the DC level at the base of Q6
is such that Q6 is not conductingl This holds the bias
al the base of Q7 in such a manner that Q7 is also not
conducting.

When audio is removed from the input, bias from the
base of Q6 disappears causing Q6 to conduct. This
changes the bias at the base of Q7 causing it to con-
duct heavily. When this happens, the impedance from
the junction of C17 and C18 to chassis ground drops
to a level on the order of a few ohms. This causes the
sub-carrier output to be attenuated approximately 50
or 60 dB.

The base of Q6 is connected to various capacitors
through mute time constant switch S1. The value of the
capacitor connected determines how long after andio
disappears from the input of Q4 that the sub-carrier will
shut off.

Mute level control R32 determines what level the audio
must drop to hefore the sub-carrier is tumned off.
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Adjustment of the SCA generator consists first of setting
the output filter properly so that there are ‘essentially no
harmonies of the sub-carrier present in the output of the
SCA generator,

L6 and L8 are adjusted for maximum attenuation at the
second harmonic of the SCA frequency. L7 is adjusted

50 that minimum attenuation or ripple exists over the sub-
carrier passband. This passbhand is considered to be sub-
carrier frequency +15 kHz.

L3 is adjusted for an approximate output frequency of
900 kHz and L4 is adjusted to approximately 900 kHz
plus the sub-carrier frequency. This is generally 941

or 937 kHz. .3 or L4 is then "fine® tuned for the exact
proper SCA frequency in comparison with a frequency
standard. A non-metallic tool with narrow screwdriver
type blade is necessary for this adjustment.

Output level control R30 is set to modulate the main
carrier the required level,

Mute level control R32 is adjusted so the sub-carrier
output turns off if the audio input signal disappears.
Optimum setting is about 30 to 40 dB below 100% modu-
lation of the sub-carrier. This is done by connecting an
audio signal at 400 Hz to the proper SCA input terminals
of the exciter and modulating the sub-carrier 100%. The
level of audio input is then reduced 30 or 40 dB and
mute tevel is then adjusted so that the sub-carrier out-
put disappears.

51 the mute delay is adjusted to whatever muting speed
1s desired after audio disappears from the input.

STEREQ GENERATOR

A 19 kHz pilot signal for the composite stereo signal
1s generated by crystal controlled oscillator Q1. Q2
isolates this signal and from the rotor of R79 a 19 kHz
signal is applied to 19 kHz tuned amplifier stage Q3.
The secondary of T1 is connected to a push-push
doubler circuit consisting of transistors Q4 and Q5.

This stage in conjunction with transformer T2 gener-
ates a very clean 38 kHz signal.

The 38 kHz signal is applied to the balanced sub-
carrier modulator circuit consisting of transformers
T3, T4 and diodes CR1I through CR4.

An L~R input signal from the audio unit is also ap-
plied to the balanced sub-carrier modul ator.

An L-R double sideband suppressed carrier signal
appears at the output of T4. Harmonies of this signal
are reduced by forwarding hiasing of diodes CR1
through CR4 and by adjustment of harmonie null con-
trol R37. Sub-carrier null control R48 balances out
the residual 38 kHz sub-carrier to a level of approxi-
mately —45 dB.

The L+R input signal coming from the audio unit is
combined with the I.-R double sideband signal at
the junction of C22, R53 and RGO,

Tl_'Je time delay_of the L+R input is adjusted to agree
with that experienced by the LR circuitry. This is

accomplished by a time delay consisting of L3 through
L6 and capacitor C29 and C30,

Thus a composite stereo signal appears at the junction
of C22, R53 and RB0 and 1s applied to emitier follower
circuit Q12 from the rotor of R53 which is the output level
control.

This signal is then amplified in fransistor Q13 and applied
to the base of emitter follower circuit @14. The total com-
posite signal along with 10% 19 kHz pilot signal appears
at the emitter of Q14. :

A pilot signal is obtained from terminal 4 of transformer
T1 and is applied to emitter follower Q6. A phase control
connected between Q6 and emitier follower Q7 allows ad-
justment of pilot phase for maximum separation. A pilot
gain control 1s connected into the emitter of transistor
Q7 and the pilot signal is added to the composite output
by connecting the rotor of R27 to the emitter resistor of
transistor Q14.

Second harmonics of the double sideband signal fall into
the pass band of a normal 67 kHz SCA signal. If these
second harmonic signals are not severely attenuated,
crosstalk from the sterec signal will interfere or gef in-
to the sub-carrier channel.

Second harmonic signal is then amplified and inverted
180° by transistor Q9, this is obtained from R53 via Q8.

From the collector of Q9 the signal is applied to emit-
ter follower Q10 and then back into the base circuit of
amplifier Q13.

Cancell ation causes any remaining crosstalk at the
base of Q13 to be removed. This can be set precisely
by crosstalk null control R33.

Adiustment of the stereo generator consists of setting
C2 so0 the pilot signal is within specifications. This
must be done in comparison with a frequency standard.

T1 and T2 are tuned for maximum output. Boubler hal-
ance control R20 1s adjusted for minimum 19 kHz rip-
ple on the composite output signal without a pilot sig-
nal. R79 the 19 kHz gain control is set for the desired
amount of 38 kHz level to drive the balanced modul ator
properly. R65, L-R gain control is adjusted for the de-
sired level of audio to drive the balanced modulator
circuitf.

Harmonic null control R37 is adjusted for minimum sec-
ond hamonic output from the balanced modulator with
R33 (erosstalk null) turned for minimum output of sec-
ond harmonic signal.

Sub-carrier null control R48 is adjusted for minimum
38 kHz output. This may be observed on a type ap-
proved sterec monitor, wave analyzer or ultrasonic
display. Adjustment of harmonic null control R37 is
also best accomplished by observing an ultrasonic
display.

L+R gain control is adjusted for correct gain relation-
ship between the L+R and L~R portions of the com-
posite stereo signal. L4 and L5 are adjusted for hest
phase relationship between the L+R and L-R portions,
This is best accomplished at 15 kHz.
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R53, output level control, is adjusted to modulate the
main carrier 90% with a 400 Hz left or right audio in-
put signal of +10 dBm. This level excludes the pilot.

. L1 is tuned to the second harmoenic of the 38 kHz
double sideband signal and R33 the crosstalk null
control is then turned up so it cancels out any remain-
ing 76 kHz component remaining at the output of the
stereo generator.

Pilot gain R27 is adiusted to modulate the main car-
rier 10%. Pilot phase R24 is adjusted for best separg
tion as read on a stereo monttor provided all other
aspects of the composite signal are proper. An alter-

nate method involves using an L=R composite wave-
form and is described on page 8. .

PARTS LIST

CABINET ASSEMBLY - 992-1773-001
Symbol No. Gates Part No. Description
Bl 430 0030 000 Fan, 115 V., AC, 115 CFM
C1 thru C20 516 0319 000 Cap., .00 ul, 500 V.

Feedthru
F1 398 0021 000 Fuse, 4A., 250 V.
F2 398 (0015 000 Fuse, .5 A, 250 V.
J1 612 0418 000 Panel Jack, BNC, UG291/U
L1 thru L&,
L11 thru L20 494 0110 000 Choke, 3.3 uH.
L7 thra LL10 814 4837 001 Gates Assembly
P3,P4,P9,P13 620 0379 000 Plug, Female
P12 610 0238 000 Plug, BNC, UG88/U
P1, P2,
P5 thru P8,
P10, P11 612 0405 000 Female Plug, 15 Term.
TB1 614 0087 000 Terminal Board
TS1 G614 0148 000 Tie Strip
XF1, XF2 402 0024 000 Fuseheclder
POWER SUPPLY - 992-1726-001

Al 396 0163 000 L.amp, 3 W, 120 V.
C1, C2 524 0125 000 Cap., 200 uF, 250 V.
C3, C4 524 0104 000 Cap., 1000 uF, 50 V.
Ch 524 0094 000 Capl, 500 uF, 50 V.
a6, C7 516 0043 000 Cap., 470 pF, 1kV., 10%
C8, €9, C10,C11,
C12,C13,C14 516 0375 000 Cap.,.01 uF,50 V.
C15 506 0085 000 Cap.,2 ul, 200 V.
CR1, CR2,
CR3, CR4 384 0019 000 Diode IN2070
CR5 386 0043 000 Zener Diode, IN2767
CRG, CR7,

CR8, CRY 384 0165 000 Diode 1N4720

Symboel No.
CR10

CR11, CR13
CR12

F1

F2

F3

J1

T1
XAl

XQ2, XQ3,
XQ6, XQ7

Gates Part No.

Description

386 0047 000 Zener Diode IN3582
384 0134 000 Diode, IN914
386 0034 000 Zener Diode, IN3031B

398 0012 000 Fuse, 3/10A,250 V.
398 0021 000 Fuse, 4A., 250 V.
398 0019 000 Fuse, 2A, 250 V.

610 0419 000 Panel Connector

380 0041 000 Transistor, 2N3054
380 0045 000 Transistor, 2N4036
380 0058 000 Transistor, 2N3440
380 0043 000 Transistor, 2N3055
380 0044 000 Transistor, 40319
380 0042 000 Transistor, 2N697

540 0284 000 Res., 10ohm, 1 W, 1%

540 0574 000 Res., 300ohm, 2W, 5%

548 (0189 000 Res., 2200 ohm, 3W, 1%
552 0775 000 Pot., 1000 ohm, 1/2W.
548 0190 000 Res., 17.5Kohm, 3W, 1%
542 0438 000 Res., 2 ohm, 25 W.

548 0192 000 Res., 1000 ohm, 3W, 1%
540 0583 000 Res.,680ohm, 2W, 5%

540 0049 000 Res., 1000ohm, 1/2W, 5%
548 0197 000 Res., 1600chm, 3W, 1%

604 0005 000 Toggle Switch, SPST
472 0536 000 Power Transformer
406 0367 000 Lamp Socket

404 0198 000 Transipad for TO-5Case

XF1,XF2,XF3 402 0013 000 Fuseholder
10 WATT AMPLIFIER - 992-1715-001

C1,C2,C3,Ch,
C6, C9, C10,
C18, C21

C4, C7,
Cl4, C15

C8,C12,C17
Cl11

C13, C16
C19

C20

C22

C23, C24

J2
J3, J4
J12

L1
L2
L3, L4
L5, L6
L7

516 0054 000 Cap.,.001uF, 1kV, 10%

590 0116 000 Cap., Variable, 3.9-50 pF.

516 0082 000 Cap., .01uF, 1kV, GMV
506 0085 000 Cap., 2 uF, 200 V.

500 0809 000 Cap., 22 pF, 500 V, 5%
500 0823 000 Cap., 82 pF, 500 V., 5%
500 0812 000 Cap., 30 pF, 500 V, 5%
520 0341 000 Cap., Variable, 1.5-2.1pF.
516 0043 000 Cap., 470 pF, 1 kV, 10%

610 0419 000 Panel Connector

620 0355 000 Panel Receptacle

612 0403 000 Right Angle Receptacle
UG1098/U

814 3242 001 Inductor

914 3243 001 Inductor

494 0164 000 RF Choke, .68 ul
314 3244 001 Inductor

814 4837 001 Coil
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Symbol No.

Q1
Q2
Q3
Q4, Q5 -

R1

R2

R3

R4, R7
R5

R6

R8

R9, R10
R11

T1
T2

XQ1, XQ2

Gates Part No.

380 0036 000
380 0037 000
380 0038 000
380 0039 000

540 0050 000
540 0074 000
540 0019 000
540 0174 000
540 0183 000
540 0226 000
540 0182 000
540 0011 000
550 0001 000

914 3246 001
914 3247 001

404 0196 000

Description

Transistor
Transistor
Transistor
Transistor

Res., 1100 ohm, 1/2W, 5%
Res., 11K ohm, 1/2W, 5%
Res., 56 ohm, 1/2W, 5%
Res., 470 ohm, 1/2 W, 10%
Res., 2700 ohm, 1/2 W, 10%
Res., 33 ohm, 1 W, 5%
Res., 2200 ohm, 1/2W, 10%
Res., 27 ohm, 1/2 W, 5%
Pot., 100 ohm, 1/2 W.

Transformer
Transformer

Heat Sink

AUDIO UNIT - 992-1830-001

C1, G5

C2, C3, C4, C6,
C7,C8

C9

CR1

J11

K1
L1,L2,L.3,L4

R1,R2, R3, R4,
R6,R7,R8,R9

R5, R10
R11

R12
R13, R14
R15, R16
RI17, R18
R19

R20

51
Ti, T2

XK1

508 (308 000

508 0307 000
522 0322 000
384 0134 000
610 0419 000
572 0134 000
492 0328 000

548 0139 000

548 0217 000
562 0800 000
540 0073 000
548 0218 000
540 0043 000
562 0797 000
540 0046 000
540 0036 000

604 0336 000
473 0282 000

404 0209 000

Cap.,.025 uF, 100 V, 1%

Cap., .03 uF, 100 V, 1%
Cap., 100 uF, 50 V.
Diode, IN914

Panel Connector

Relay

Inductor 2.7-3.3 ull

Res., 270ohm, 1/2W, 1%

Res., 110ohm, 1/2W, 1%
Trim Pot., 500 ohm, 1 W.
Res., 10K ohm, 1/2W, 5%
Res., 600 ohm, 1/2W, 1%
Res., 560 ohm, 1/2W, 5%
Trim Pot., 100 olim, 1 W.
Res., 750 chm, 1/2W, 5%
Res., 300ohm, 1/2W, 5%

Switch, SPDT, Center OFF

Input Xfmr, 814 5241 001,
ADC

Relay Socket

MODULATED OSCILLATOR - 992-1772-001

C1,C2,C8
C3, C4

C5

Ce, C9, C10
C7, C11
Clz2

C13, C15
Cl4

C18, C19

516 0406 000
516 0407 000
516 0410 000
516 0409 000
516 0408 000
522 0244 000

516 0043 000,

522 0240 000
200 (1380 000

Cap., 5.6 pF, 200 V. 10%
Cap., 15 pF, 200V, 10%
Cap., 1 pF, 500 Wv.
Cap., 470 pl°, 200V, 10%
Cap., 100pF, 200 V, 10%
Cap., 50 ulv, 25 V.
Cap., 470 pF, 1 kV, 10%
Cap., 15 uF, 25V.

Cap., 51 pF, 500 V, 5%

Symbol No.

Cc20
C2]
C22

CRIL, CR2
HR1

J10
J13

L1 thru L6
Q1, Q2
Q3

R1

R2

R3, R4
R5, kG, R7
RS, R22
RY, R10
R11

R12

R13

R14
R15, R16
R17, R19
R18

R20

R21

T1

XQ1, XQ2
XQ3

Ci, C13
C2

€3,C7,C8,C11

C17, C25
C18, C26
C19

C20, C21, C22,
C23, C24

C27
C28
C30
C31
C32
€33, C34

C35, C36,
C37, C39

Gates Part No.

506 0087 000
016 0043 G0V
516 0082 000

528 0007 Q00
914 3779 001

610 0419 0600
620 0355 000

494 0176 000

214 6003 001
380 0048 000

540 0928 000
540 0937 000
540 (0894 000
540 0960 000
540 0830 000
540 0881 000
540 0948 000
540 0933 000
540 0042 000
540 0315 000
540 0950 000
540 0937 000
540 0939 000
540 0976 000
540 0212 000

914 4247 001

404 0197 000
404 1198 000

500 0868 000
500 0871 000
516 0054 000
516 0375 000
500 0869 000
500 0872 000
500 0867 000
522 0240 000
500 0877 000
506 0088 000
522 0240 000
516 0054 000
508 0215 000

506 0088 000

500 0874 000
522 0240 000
500 0870 000
500 0873 000
500 0835 000
522 0153 000

506 0088 000

Description

Cap., 1 uF, 200 V.
Cap., 470 pF, 1kV, 10%
Cap., .01 uF, 1 kV

Varicap, TN4808
Oven (Modified)

Panel Connector
Panel Receptacle

Choke, 3.3 uH

Transistor {Gates Spec)
Transistor, 2N3118

Res., 4700 ohm, 1/4W, 5%
Res., 11K obm, 1/4 W, 5%
Res., 180 ohm, 1/4 W, 5%
Res., 100K ohm, 1/74W, 5%
Res., 47 ohm, 1/4W, 5%
Res., 51 ohm, 1/4W, 5%
Res., 33K chm, 1/4W, 5%
Res., 7500 ohm, 1/4 W, 5%
Res., 510 ohm, 1/2W, 5%
Res., 200 ohm, 1W, 5%
Res., 39K ohm, 174 W, 5%
Res., 11K ohm, 1/4 W, 5%
Res., 13K ohm, 1/4 W, 5%
Res., 470K ohm, 174 W, 5%
Res., 1000 ohm, 174 W, 5%

RF Transformer Assembly

Transipad
Transipad

AFC UNIT - 992-1716-001

Cap., 10pF, +5%, 500 V.
Cap., 39pF, +5%, 500 V.
Cap., .001 uF, 1 kV.
Cap., .01 ul*, 50 V.
Cap., 27 pF, £5%, 500 V.
Cap,, 110 pF, £ 5%, 500 V.
Cap., 5 pF, £10%, 500 V.
Cap., 15 ul, 25 V.

Cap., 100 pF, £ 5%, 500 V.
Cap.,.1 uF, 200V, MMW
Cap., 15 ul, 25 V.

Cap., .001 uF, 1 kV.
Cap., .01ulF, £10%, 100 V.

Cap., .1 ulF, 200 V.

Cap., 330 pl, +5%, 100 V.
Cap., 15 uF, 25 V.

Cap., 33 pF, 5%, 500 V.
Cap., 220 pF, £5%, 500 V.
Cap..470 pF, £5%, 300 V.
Cap., 15 uF, 3 V.

Cap., .1 uF, 200 V.
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Symbol No.

C38
C40, C41

| (43, C44, C45,
C46, CA7, C48,
C49. C50, C51

(52, €53

CR1, CR2
CR3
CR4
CR5

CR6, CR7, CRS,

CR9, CR12

CR10, CR11
CR13
CR14
CR1b

HR1

Q1, Q2, Q8,
Q7, 48, Q2

Q3, Q4, Q5
Q10

R1, R6
R2, R7
R3

R4

R5, R3
R9, R11
R10

R12, R13
R14

R15

R16
R17,R18,R22
R19

R20 R24
RZ21, R25
R23

R26

R27

R28

R29

R30

R31

R32

R33

Gates Part No.

506 0087 000
506 0085 000

516 0319 000

506 0088 000

384 0134 000
384 0134 000
386 0032 000
386 0046 000

384 0134 000

386 0045 000
386 0073 000
384 0166 000
386 0047 000

558 0024 000

610 0419 000
620 0355 000

914 3282 001
914 3283 001
494 (112 000
494 0151 000
494 0165 000
494 0153 000

380 0046 000

380 0042 000
380 0047 000

540 0079 000
540 0071 000
540 0045 000
540 0066 000
540 0049 000
540 0025 000
540 0301 000
540 0055 000
540 0096 000
540 0056 000
540 0058 000
540 0071 000
540 0077 000
540 0049 000
540 0041 000
540 0079 000
540 0085 000
540 0065 000
540 0322 000
540 0053 000
540 0462 000
540 0050 000
540 0073 000
540 0057 000

Description

Cap., 1 uF, 200 V.
Cap., 2 uF, 200 WV.

Cap., Feedthru, 1000 pF,
500 V.

Cap., .1 uF, 200 V.

Diode, Silicon 1IN914
Diode, Silicon 1N914
Diode, Zener INT47TA
Diode, 6082

Diode, Silicon 1N914

Diode, Zener

Diode, 6046

Diode, Silicon 1NG43
Diode, Zener IN3582

Oven, Printed Circuit,
115 V, RMS, 70° C.

Receptacle
Panel Receptacle

Osc. Coil Assy, {(yel. dot)
Trip Coil Assy, (green dot})
RF Choke, 812 uH

RF Choke, 2.7 uH

Choke, 2.2 uH

RF Choke, 300 uH

Transistor, 2N708

Transistor, 2NG97
Transistor, 2N3500

Res., 18K ohm, 1/2W, 5%
Res., 8200 ohm, 1/2W, 5%
Res., 680 chm, 1/2 W, 5%
Res., 5100 chm, 1/2W, 5%
Res., 1000 ohm, 1/2W, 5%
Res., 100 ohm, 1/2W, b%
Res., 51 ohm, 1 W, 5%
Res., 1800 ohm, 1/2W, 5%
Res., 91K ohm, 1/2W, 5%
Res., 20000hm, 1/2W, b%
Res., 24000hm, 172 W, 5%
Res., 8200 chm, 1/2W, 5%
Res., 15K ohm, 1/2W, 5%
Res., 1000 ohm, 1/2W, 5%
Res., 4700hm, 1/2W, 5%
Res., 18K ohm, 1/2W, 5%
Res., 33K ohm, 172 W, 5%
Res., 4700 0hm, 1/2W, 5%
Res., 380 ohm, 1W, 5%
Res., 1500 chm, 1/2W, 5%
Res., 330 chm, 1 W, 10%
Res., 1100 chm, 1/2W, 5%
Res., 10K ohm, 1/2 W, 5%
Res., 2200 ohm, 1/2W, 5%

Symbol No.

34
R35, R36
R37
R38, R47, R49
R39, R50
R40

R41, R44
R42

R43
R45,R46
R48

R51

R54

R55

R57

R58

R39

R60
R62
R63
RT1

S1

XQ1, XQ2, XQ86,

XQ7,XQ8, X0

XQ3,XQ4, XQb
XQ10

Y1

Gates Part No.

540 0587 000
540 0053 000
540 0054 000
540 0055 000
540 0061 000
540 0059 000
540 0052 000
540 0041 000
540 0037 000
540 0048 000
540 0064 000
540 0053 000
540 0113 000
548 0195 000
54( 0646 000
540 0655 000
562 0781 000

540 0635 000
540 0025 000
540 0071 000
559 0006 000

604 0320 000

404 0197 000

404 0198 000
404 0066 000

11

Description

Res., 100 ohm, 2W, 5%
Res., 1500 ohm, 1/2W, 5%
Res., 1600 ohm, 1/2 W, 5%
Res,, 1800 ohm, 1/2W, 5%
Res., 3300 ohm, 1/2W, 5%
Res., 27000hm, 1/2W, 5%
Res., 1300 chm, 1/2W, 5%
Res., 470 chm, 1/2W, 10%
Res., 330ohm, 1/2 W, 5%
Res., 910 ohm, 1/2W, 5%
Res., 4300 ohm, 1/2W, 5%
Res., 15600 ohm, 1/2W, 5%
Res., 470K ohm, 1/2W, 5%
Res., 2000 0hm, 25 W, 1%
Res., 30K ohm, 2W, 5%
Res., 68K ohm, 2W, 5%
Pot., 20K ohm, 1-1/2 W,
Clock Face

Res., 10K ohm, 2 W, 5%
Res., 100 ohm, 1/2W, 5%
Res., 8200 ¢hm, 1/2W, 5%

Thermistor, 1000 ohm
Switch, Toggle, DPDT

Trensipad for TO-18 Case

Transipad for TO-5 Case
Socket, Transistor

444 XXXX 000 Crystal (Freq. Det. by

Customer Order)

SCA UNIT - 994-6507-001

C1, C2
C3,C4,C5,CB
6, C9

C7, C10
Cl11, C12
C13, C14
C15

C16,C27,C29
C17, C18
C19, C22
20, C21
C23

C24, C25
C26

C28

C3a0

(31, C32
C33

CR1, CR2
CR3, CR4

J5

L1, L2
L3, L4
L5

L6, L8

508 0286 000

500 0844 000
500 0873 000
500 0818 000
500 0759 000
500 0878 000
508 0278 000

522 0240 000
508 0298 000
500 0831 000
500 0374 000
508 0298 000
522 0178 000
522 0210 000
522 0233 000
522 0242 000
522 0244 000
522 0256 000

384 0006 000
384 0018 000

610 0419 000

494 0175 000
492 0321 000
494 0165 000
492 0322 000

Cap., .15 ul, +10%
Mylar 100 WVDC

Cap., 1000 pF', 5%, 100V
Cap., 220 pF, t5%, 500V
Cap., 50 pF, 5%, 500V
Cap., 100 pF, +5%, 500V
Cap., 1500 pF, 5%, 500V
Cap., .1uF, £10% Mylar
100 WVDC

Cap., 15 ul", 25V

Cap., .01uF, 100V, Mylar
Cap., 260 pF, +5%, 500 V
Cap., 330pF, +6%, 100 V
Cap., .0TuF, 100V, Mylar
Cap., 25 uF, 6 VDC
Cap., 100 ul", 12 VDC
Cap.,2 uF, 26V

Cap., 25 uF, 25 VDC
Cap., 50 uF, 25V
Cap.,20 uF, 50 V

Diode, Signal 1IN54AS
Rectifier IN2069

Receptacle

Choke 4.7 ull

Coil, Adj. .28 to .65 uH
Choke, 2.2 uH

Coil, Adj. 820 uH
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Symbol No.
L7

Q1l, Q2, Q3,
Q4, O3, Q6

Q7
R1
R2
R3, R4

RS, R6,
R7, R8

RY

R10, R17
R11, R18
R12,R19, R40
R13, R20

R14,R21, R24,
25, R45

R15, R22
Ri6, R23
R26, R27, R41

R28, R29,
R35, R43

R30, R32

R31
R33
R34
R36
R37
R38
R39
R42
R4d4

51

T

TJd1
Td2

XQ1, XQ2

XQ3, XQ4,
XQ5, X6

STEREQC GENERATOR -

C1,C37,C45
C2
C3

C4, C6, C8
C10,C11,C12,
C13,C28,C38

Gates Part No.
492 0323 000

380 0042 000
380 0016 000
540 0055 000
540 0053 000
540 0035 000

540 0017 000

a4 0092 000
540 0089 000
340 0097 000
540 0095 000
540 0065 000

540 0073 000

540 Q049 000
540 0025 000
540 0085 000

540 0056 000
550 0007 000

540 0069 000
540 0099 000
540 0066 000
540 0050 000
540 0045 000
540 0042 000
540 0078 000
540 0075 000
540 0061 000

600 0421 000

478 0145 000

612 0312 000
612 0311 000

404 0066 000

404 0198 000

522 0322 000
520 0342 000
508 0291 000

566 0088 000

Description

Coil, Adj. 15-40 uH

Transistor ZNAQT
Transistor 2N1539

Resistor, 1.8Kohm, 1 2W,
5%

Resistor, 1.5K ohm, 1/2W,
n%

Resistor, 270 ohm, 1/2W,
5%

Resistor, 47 ohm, 1/2W, 5%

Resistor, 62K ohm, 1/2W, 7%
Res., 47K ohm, 1/2W, 5%
Res., 100K ohm, 1/2 W, 5%
Res., 82K olm, 1/2W, 5%
Res., 4. 7K ohm, 1/2W, 5%

Res., 10K ohm, 1/2W, 5%
Res., 1000ohm, 1/2W, 5%
Res., 100 ohm, 1/2 W, 5%

Res., 33K ohm, 1/2 W, 5%

Res., 2000 0hm, 1/2 W, 5%
Min, Pot., 10K ohm, 1/2 W,
Linear Taper
Res.,6.8Kohm, 1/2W, 5%
Res., 120K ohm, 172 W, 5%
Res., 5.1K ohm, 1/2W, 5%
Res., 1.1Kohm, 1/2W, 5%
Res., 680 ohm, 1/2W, 5%
Res., 5100hm, 1/2W, 5%
Res., 16K ohm, 1/2W, 5%
Res., 12K ohm, 1/2W, 5%
Res., 3.3K ohm, 1/2 W, 5%

Switch, Type BA, 4 Pos.,
1 Sect. per Gates
814 2977 001

Input Transformer AL-10426

Test Point Jack, White
Test Point Jack, Black

Transisior Socket

Transipad for TO-5 Case
994-6533-001

Cap., 100 ulr 50V
Cap., Var., 2-27 pF
Cap., .008ul", 600V, 10%

Cap., .1 uF 200V

Symhol No.

Cs
C7
&Y
Cl4

Cls, C23, C35,
36, C39, C40,
C41,C44

Cl7, C18,
C19, C20
C21

€22

C24, C42,C43
C25

Cc27

C29, C30
C31

C32

CR1, CR2,
CR3, CR4

J7

L1, L5
L3, L6
L4

Q1
Q2 thru Q16

R1

Rz, R10, R11,
RG61, R72

R3, R58

R4, R30, B50,
R67, R70, R73,
R76

R5
R6
R7

R8, R13, R21,
R25, R28, R31,
R34, Rb4, R64

R9. R49, R66,
RG89, R71

R12, R75, R77
R14. R15

R16

R17

R18

R19, R86, R8Y
R20

R22, R29, R35,
R51, R57

R23, R52,
R60, R62

Gates Part No.

500 0877 000
522 0251 000
500 0845 000
500 0879 00D

522 0240 000

522 (0166 000
522 0256 000
522 0336 000
522 0244 000
522 0243 000
506 0087 000
500 0835 000
522 0306 000
a16 0054 000

914 4201 001
610 0419 000
492 0331 000
494 0153 000
492 0332 000

380 0060 000
380 0042 000

540 1001 000

540 (0936 000
540 0940 000

540 (976 000

540 0902 000
540 0907 000
540 0934 000

540 0960 000

540 0912 000

540 (0920 000
540 0888 000
540 0928 000
548 0211 000
540 0964 000
540 0953 000
552 0795 000

540 0919 000

540 0905 000

Description

Cap., 100 pF, 500V, 5%
Cap., 5 uF" 50V

Cap., 2000 pF, 500V, 5%
Cap., 2500 pF, 500V, 5%

Cap., 15 uF 25V

Cap., 400 uF 3V

Cap., 20 uF 50V

Cap., 250 uF 15V
Cap., 50 uF 25V

Cap., 35 ulF 25V

Cap., 1 uF, 200V

Cap., 470pF, 300V, 5%
Cap., 1000 uF 25V
Cap., 1000 pF, 1KV 10%

Matched Sctof4 Diodes
Panel Connector

Adj. R.F. Coil, 1.3-3 uH
RF Choke, 300 uH
Adi. R.F. Coil, .65-1.3uH

Transistor FET
Transistor, 2N697

Res., 511 Megohm, 1/4W, 5%

Res., 10K ohm, 1/4W, 5%
Res., 15K ohm, 1/4W, 5%

Res., 470K ohm, 1/4W, 5%
Res., 390 ohm, 1/4W, 5%
Res., 820 0hm, 1/4W, 5%
Res., 8200 ohm, 1/4W, 5%

Res., 100K ohm, 1/4W, 5%

Res., 1000 ohm, 1/4W, 5%
Res., 2200 ochm, 1/4W, 5%
Res., 100 ohm, 1/4W, 5%
Res., 4700 ohm, 1/4W, 5%
Res., 2400 ohm, 1/2W, 1%
Res., 150K ohm, 1/4W, 5%
Res., 51K ohm, 1/4W, 5%
Pot., 10K ohm, 1 W

Res., 20000hm, 1/4W, 5%

Res., 510 ohm, 1/4W, 5%



www.americanradiohistory.com

13

Symbol No.

R24
R26, R39
R27, R53
R32
R33
R36, R38
R37, R48
R40

R41, R42,
R43, R44

R46, R47
R55, R63
R56
R59, R74
R65
R68
R78
R79
R&0
R31

Gates Pari No.

550 0009 000
540 0924 000
550 0006 000
540 0944 000
552 0796 000
540 0895 000
852 0797 000
540 0235 000

548 0212 000

540 0864 000
540 0916 000
540 0857 000
540 0962 000
562 0802 000
550 0004 000
540 1008 000
552 0800 000
540 0809 000
540 0936 000

Description

Pot., 50K ohm, 1/2W
Res., 3300 ohm, 1/4W, 5%
Pot., 5000 ohm, 1/2W
Res., 22K ohm, 1/4 W, 5%
Pot., 5K ohm, 1W

Res., 200 ohm, 1/4W, 5%
Pot., 100 ohm, 1W

Res., 2100 chm, 1/4W, 5%

Res., 4700 ohm, 1/2W, 1%

Res., 10 ohm, 1/4W, 5%
Res., 1500 ohm, 1/4W, 5%
Res., 240 ohm, 1/4W, 5%
Res., 120K ohm, 1/4W, 5%
Trim Pot., 1K ohm, 1W
Pot., 1K ohm, 1/2W

Res., 10 megohm, 1/4W, 5%

Pot., 500 ohm, 1w
Res., 750 ohm, 1/4W, 5%
Res., 10K ohm, 1/4W, 5%

Symbol No.

R82, k83,
R34, R85

RTI
51

T1
T2
T3
T4

TJ1
TJ2

XQ1
XQ2 thru XQ16

XY1
Y1

Gates Pari No.

548 0049 000

559 0006 000
604 0366 000

478 0269 000
473 0270 000
478 0026 000
478 0220 000

612 0312 000
612 0311 000

404 0197 000
404 0198 000

404 0132 000
444 1129 000

Description

Res., 100 ohm, 1/2W, 1%

Thermistor, 1000 ohm

Switch, Subminiature
Toggle, SPDT

Transformer, 19kHz
Transformer, 38kHz
Transformer
Transformer

Test Point Jack, White
Test Point Jack, Black

Transipad
Transipad

Crystal Socket

Crystal, 19KC, 30°C,
Circuit 814 3270 001
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AFC ADJUSTMENT TO COMPENSATE FOR CIRCUIT AGING:

With AFC on, tune coarse frequency counter clockwise to raise
frequency —— clockwise to lower frequency ~- whichever is needed.
When the right peak is noted, the "jerking" effect of the AFC unit
will be obvious. There are many peaks and it is easy to get on
the wrong one. When the "jerking" is seen, then tune coarse
frequency control slightly counter clockwise. If frequency rises
then you are in the ball park. If a counter clockwise turn lowers
the frequency, then you are on the wrong side of the curve. Turn
around the same peak to the other side and see if the effect of a
counter clockwise turn is a rise in frequency -- if it is, then
you're practically home free. Now, turn the AFC unit off and note
the direction the frequency goes. If the frequency goes negative,
then turn AFC back on and bune coarse frequency control counter
clockwise about 500 cycles. Return to zero, with AFC vernier con-
trol; then switch off AFC again to note change. Repeat this
process until frequency will remsin on scale at least for a few
seconds without AFC on.

NOTE:
When modulated oscillator and its associated AFC unit are oper-

ating properly, a counter clockwise turn of the coarse control will
raise frequency and a clockwise bturn will lower frequency. This is
contrary to what one might think, so don't let this confuse you.

The AFC vernier control is turmed clockwise to raise frequency and

counter clockwise +to0 lower frequency.
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SECTION 7 - ILLUSTRATIONS
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Figure 7.1
Front View, Showing Operating Controls
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NN GATES

T I O T

MAINTENANCE AND MODIFICATION DATA
Gates Radio Co., Quincy, Illinocis

Equ.pmen': Gates TE"l DCFI\I Exciter Bulletin No. FNI_'O38P’II‘”\‘1
Date May 1k, 1969
Subject: 3 dB Isolation Network

A 3 dB pad is supplied with the Gates TE-1 exciter for isoclation
between the 10 watt RF amplifier and the following stage.
Dissipation of this network has been found to be marginal.
Failure of this pad may change the value of the load of the 10
watt RF amplifier and could cause failure of one or both of the
output transistors.

A change in the 3 dB isoclation network is recommended to prevent
the possibility of such a failure. The present configuration orf
the 3 dB isolation network is as follows:

Thi's chawge made 7 e VvV

e . 75

st VAVAV
~_
e

75 | >

AN~
75

— N

75 —

IN

o S
3_.

-

The 3 dB isolation network is contained in a 1-5/8" x 2-1/4" x
2-3/4" aluminum box mounted inside the transmitter cabinet direcl:,
behind the TE-1 output connector.

The network should be modified as follows:

75
~. . . i 1 N, OoUT
N > 75 1 =
1200212002 120Q> 1200 A 620> 620
15
| | ] AV~
_J_ 75 -

All resistors are 2 watt, 5%.

improved quality through continuous research

www americanradiohistorv com
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MAINTENANCE AND MODIFICATION DATA
Gates Radio Co., Quincy, Illinois

Gates TE-1 DCFM Exciter (M-6425) FM-036MWM

Equipment: Bulietin No.

Date April 24, 1969
SUBJECT: Service Tips on Frequency Adjustment of the TE-1l

The modulated oscillator in the Gates TE-1 exciter is a free-
running, slug-tuned oscillator, capable of being tuned to any
frequency between 88 and 108 MHz. The automatic frequency control
(AFC) module provides a nominal 200 KHz IF output which generates

a DC correction voltage to maintain the desired ocutput frequency

of the modulated oscillator. Normelly, the AFC unit will compensate
for modulated oscillator frequency deviations of as much as *+75 KHz.

In addition to the modulated oscillator and AFC unit, the regulated
power supply and RF amplifier may affect frequency stability.

Frequency correction required falls into one of three categories:

A. Minor Frequency Error--can be observed "on scale" on
the frequency monitor, but approaches FCC limits.

B. Major Frequency Error--gives an "off scale” indication
on the frequency monitor.

C. Extreme Frequency Error--results in loss of exciter
output.

The direction and approximate magnitude of deviation from the
desired frequency should be determined before making any frequency
adjustment. The method of frequency adjustment depends on the
emount of correction required.

ADJUSTMENT PROCEDURES

A, Minor Frequency Error
1. Periodic frequency variations of several hundred Hertz
can be considered normal, and no attempt should be

made to adjust frequency unlegss FCC limits are approached.
The meter scale on most frequency monitors is calibrated

improved quality through continuous research

www americanradiohistorv com
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FM-036MWM Page 2

+3 KHz. Freguency errors within this range should be
corrected with the fregquency vernier dial located on the
front panel of the AFC module. The vernier dial should
normally remain within one full turn of the recorded
setting indicated in the factory test data. If the
vernier dial deces not fall within this range, proceed
with Section B.

B. Major Frequency Error

1.

Reset the AFC frequency vernier dial to the setting
indicated in the test data supplied with the transmitter.

Adjust the coarse tuning control, locsted above Plug P-10
on the front panel of the modulated osclllator, very
siightly. A tuning tool for this purpose is located
inside the front drop-~down panel of the TE-1 cabinet.
This adjustment is made with the AFC function ON. Keep
in mind that slight adjustment of this sliug can vary the
freguency several MHz.

If the freguency is above center frequency {(high), the
coarse tuning control should be turned clockwise. If

the freguencey is below center frequency (low), the coarse
tuning control should be turned counterclockwise. Clock-
wise adjustment of the coarse freguency control shouid
lower fregqueney and counterclockwise azdjustment of this
control should increase freguency. If not, see NOTE
following Step 5.

Turn the AFC function QFF. For maximum stability, it 1is
desirable that the observed freguency fall somewhere on

the scale of the frequency monitor meter, with AFC function
defeated. If the free-running fregueney is not observed

to be on scale, repest Step 3 with the AFC ON. It may be
necessary to repeat this step until the free~running
fregquency is observed to be on scale. The free-running
frequency of the TE-1 exciter may appear to fluctuate as
observed on the frequency monitor. This is a normal
condition.

Turn the AFC function ON. IFrequency should reiturn to near
center scale as observed on the frequency monitor. The
AFC frequency vernier dial can now be readjusted for the
exact freqguency desired.

NOTE: The DC correction voltage supplied to the modulated
cBecillator is derived from mixer action in the AFC unit.
It is possible to lock the modulated oscillator frequency
with an "image" frequency of the AFC unit. If an "image"
is affecting the output frequency, action of the coarse
tuning control in the modulated oscillator will appear
opposite that described in Step 3. If this situation
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FM-036MWM Page 3

occurs, further adjustment of the coarse freguency control
is regquired to determine whether the image frequency is
above or below fundamental frequency. It then becomes
necessary to repeat the procedures outlined in this section.

C. Extreme Frequency Error

i,

Most Gates FM transmitters are protected with an "under-
drive" relay in the interlock circuit. Therefore, it may
bhe impossible to operate the transmitter, and observe
frequency on the frequency monitor without output from
the exciter. PFrequehey errors of this magnitude should
be corrected as follows:

Return the oscillator to within the bandpass of
the exciter RF amplifier by monitoring grid or
cathode currvent of the following stage. It may
be impossible to determine whether the oscillator
is above or below the desired operating fregquency.
Therefore, rotation of the coarse tuning adjust-
ment may be required in either direction. (An
alternate method would be to feed the exciter
output through a wattmeter (or other RF indicating
device) into a nominal 50 ohm load and adjust the
wodulated osecillator coarse tuning control for
maximum exciter RF output.) Output of the TE-1
must be terminated at a2ll times in a 50 ohm
resistive load if not connected to the input of
the following stage.

The IPA or final stages of the transmitter should not be
retuned at this time, even though full transmiitter power
output nay not be indicated. If, for any reason, these
controls have been changed, they should be returned to
the normal operating positions, or to those settings
indicated in the factory test data.

As sufficient output is obtained from the exciter %o
allow operation of the transmitter, the modulation
monitor can be used to permit ccarse frequency
correction because of iits wide-band input. Observe
the monitor RF input on the front panel meter and
adjust the coarse tuning control of the modulated
oscillator for maximum indicaticn. This should return
the fregquency to within +500 KHz, or close enough to
allow further adjustment as indicated in Section B.

Tmis bulletin is intended as a "tuning procedure” only. Trequency
Jeviation may be the result of component fallure, in wvhich case
the methods outlined in the M-6425 instruction book, under the
nheading of "Troubleshooting,” should be followed.
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HELPFUL GENERAL INFORMATION

This information, of a general nature, will be recognized by many as standard fundamental
electronic information. Frequently, when problems exist, one or more of the well known
fundamentals may have been overlooked. The following information, therefore, is a check
list and/or a supggestion list. You will quickly note it applies to many types of installations,
the fundamentals for which are all hasically the same.

1. COMPUTING EFFICIENCY. The transmitter efficiency determines its satisfactory operation. If it is
under -efficient, it will consume excess primary power, will work all components harder and tube life
will be shorter. If it is over-efficient, it probably indicates either an error in a compuiation such as
tower resistance measurements or an error in a meter. To measure efficiency in an AM transmitter,
multiply the plate voltage by the plate current of the final radio frequency power amplifier. For example,
if plate voltage was 2500 velts and plate current was 550 MA, we have:

2500
550

1375.000

The above means that 1375 watts are being placed into the radio frequency power amplifier. If this power
amplifier is producing 1000 watts into the antenna, it would then indicate an efficiency of 73%, or

1600

— = 73%

1375 !

2. TRANSMITTER EFFICIENCIES, There are two types of radio frequency power amplifiers. (1) High level
and {2) linear amplifiers. Normal efficiency of a high level transmitter ranges from 65 to 77% for trans -
mitters of powers up to and including 1000 watts and 72 to 82% for transmitters having powers of 5000
watts to 10,000 watts, —— For linear amplifiers with no modulation, the normal efficiency at any power
is approximately 30% . It is important to note that in a linear amplifier the efficiency increases under
modulation, therefore when defining normal efficiency it must be defined without modulation.

NOTE: Variations in efficiency such as a range of 65 to 77% are expressed
for reasons of: (a)transmitter used with directional antenna, which
would reduce efficiency, (k) slight but not out of tolerance meter error,
and (c) possible mismatch to transmission line having slightly higher
than normal standing wave ratio.

If the efficiencies are within the ranpges expressed, however, the installation could be considered satis -
factory and of course the higher the efficiency, the better.

3. COMPUTING POWER QUTPUT. Power output is computed either into the radiating antenna or a known
dummy antenna. In either case, the resistance measuremenis are known. Your consulting engineer will
measure your antenna tower and give you the resistance measurement. In most Gates built AM trans-
mitters an inbuilt dummy antenna is provided, having a resistance measurement of 50 ohms, The formula
12R ig employed. I = The current reading of your antenna meter at the tower or the meter o the dummy
antenna, R = The resistance measurement of the tower or the dummy antenna, If the resistance measure
ment is 50 ochms and your antenna current was 4.5 amperes, then 12R develops this result: 4.5 x 4.5 =
20.25. 20,25 x 50 (the antenna resistance) = 1012.5 watts. In the foregoing you have determined that you

have a direct power output reading of 1012.5 watts if your antenna current is 4.5 amperes into a 50 chm
antenna,

4. CORRECTING LOW EFFICIENCY. Basically a broadcast transmitter by inherent design can not produce
low efficiency unless, of course, it is incorrectly tuned, or the matching load to the transmitter, which is
the transmission line and antenna, is incorrect. Here the use of the dummy antenna of known resistance is
of great value. Light bulbs or improvised dummy antennas are of liitle value in computing efficiency. By
using the formula in Paragraph 3 above, it is easy to determine how efficient the transmitter is operating
when it is not connected to the antenna or transmission line. If the efficiency proves satisfactory into the
dummy antenna, then any inefficiency is probably in the match of the transmitter to the radiating antenna
and its associated tuning unit and transmission line.

If the efficiency of the transmitter is low into the dummy antenna, check the plate voli meter and power
amplifier current meter to be sure they are accurate. In rare cases they are damaged in transit. This
checking can be done with another lmown meter such as a good guality voltohmmeter, being very careful
as the voltages are lethal.

Another cause of low efficiency is a defective RF ammeter. If you suspect this, the best way is to borrow
one from a nearby station. It does not have to be the exact same range as you are only interested in a

comparative reading, Here an error of only .2 of an ampere can make a large difference in the efficiency.
Using Paragraph 3 above, again you will note a meter reading example of 4.5 amperes was used to give us

A
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5.

10,

1012.5 watts output. If this meter had read 4.4 amperes, the output would have been 968 watts. By the
meter being off only 0.1 amperes, 44 waits of error or loss was determined, which is nearly 5% of the
1000 watts desired power output. --—-— Most radio frequency ammeters are very carefully checked and
should be accurate but here again on a sensitive item, transportation roughage can affect it and therefore
be sure.

ARCING. The power developed in the transmitter must go somewhere and of course to the antenna. When
it is sidetracked, {requently arcing develops. Low efficiency and arcing will often go together as all {rans -
mitters are very well insulated against arcing. Its presence would indicate one of several things:

-—- Improper tuning of antenna coupler.

-— Standing wave ratios on the transmission line, usually indicated by a
different current reading at each end of the line.

-— Improper ground return from the ground radials ic the transmitier.

-—-Incorrect resistance rneasurernents to the tower.

--- Improper neutralization where it is required.

--- An intermittent connection such as a loose connection in the tuning unit,
a loose comnection in the transmission line, poor brazing of the ground
systern and infrequently a grounded towexr light wire.

TUNING ANTENNA COUPLER. Your consultant will be of invaluable assistance in tuning up your antenna
coupler correctly with a radioc frequency bridge at the same time he measures your tower. it will be
money well spent. Where this is not possible and a bridge is not available, then the standard cut and try
procedures must be followed. The desired result, of course, is the greatest antenna current without in-
creasing the power input to the transmitter to obtain this increased antenna current.

. STANDING WAVES. This is commonly called VSWR and high standing waves are caused by improper

impedance match between the output of the transmitter to the transmission line and/or the output of the
transmission line to the antenna coupler and its antenna. The result will nearly always be inefficiency as
it reduces the power transfer between the transmitier and the antenna. High standing waves rmay also be
caused by a poor or no ground to the ocuter shield of the transmission line. This line should be grounded
to the ground radials at the tower and to the transmitter at the opposite end of the transmission line. The

only exception to this might be with a directional system but in zll instances the outer shield of the trans -
mission line must be grounded securely,

IMPROPER GROUND. In an AM transmitter we place at least 120 ground radials into the ground but some -
times fail to connect them securely to the transmitter. In the simplest form, the antenna and the ground
can be likened to the two wires of an electric light circuit, Omne is as important as the other, Where the
ground radials are bonded together at the tower, we suggest extending a 2"’ copper strap directly to the
ground of the broadcast transmiiter. DO NOT attach one of the outer radials closest to the transmitter as
your ground system. Don't forget to ground the cabinets of the antenna coupling unit and the tower lighting
chokes, and again the outer shield of the transmission line.

. INCORRECT TOWER MEASUREMENTS. Your consulting engineer is provided with expensive and accurate

measuring equipment for tower resistance measurements. His measurements will be accurate. Tt would
be extremely rare to find an incorrect tower measurement by a capable consulting engineer. It-has hap-
pened, however, and we include this paragraph only to point out that if all else fails for proper transrnitter
performance, rechecking of the tower measurements would not be amiss. Several years ago one of the
world's leading consultants measured a tower incorrectly and quickly admitted it. The cause was simply
one of his rneasuring instruments falling out of his car unbeknownst to him and upsetiing the calibration

of his egquipment.

FUSE BLOWING. It seldom happens if.the fuses are of adequate size. If it does happen, the first thing is
to deterrmine that the fuses are not overloaded. Usually overloaded fuses caused by a long period of over-
load of an hour or more have blackened fuse clips. Remember a very hot day and borderline fuses are
trouble-makers. Also don't forget to compute the window fan, the well pump, the air -conditioner, or other
items that are foclers as to power consumption.

If fuses are of adequate size and continue to blow, here are a few helpful hints:

If your transmitter has mercury vapor reciifiers, it is a cold morning and
the heat in your building has goen down overnight, the mercury will likely
cool at the bottom of the rectifier tubes and when high voltage is applied,
cause an arc back., In such a condition, you are fortunate in blowing the
fuses as an arc back can often destroy a filter reactor or power trans-
former, You can correct this condition by keeping adequate heat in the
transmitter building or at least adjacent to the mercury vapor rectifier
tubes. A light bulb placed near the rectifier tubes, to operate in cold
weather when the transmitter is off, is helpful.

Dirt or scum is an evil with many results and fuse blowing caused by arc-
overs is one of thern. A good maintenance program prevents this.

On new transmitters, look for cable abrasions. Sometimes in transit it is
possible for a wire to rub against a metal support and wear off the insulation.
This is unlikely but with such a serious problem as fuses blowing, you look
for everything.
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If by the time you have found the trouble you have blown a number of fuses,
now investigate your fuse box fo be sure the clips are clean and not charred.
If they are charred, fuse blowing will continue anyway and it will be necessary
to replace the clips that hold the fuses.

11, UNEXPLAINED OQUTAGES. This one puzzles the best of them. A transmitter that goes off the air for
no reason and can be turned back on by pushing the start button brings the query, *"What caused that? "’

If this happens very infrequently, it is probably caused by a power line dip, a jump across the arc gap

at the tower base, or other normal things that activate the protective relays in the transmitier as they
should.

Your transmitter always looks like the offender. It is the device with meters and it is the device that
complains or quits if there is a failure anywhere in the entire system. An open or short eircuit in a
transrission line only reacts at the transmitfer. A faully insulator in an antenna guy wire or a bad
connection in the tuning unit or ground system reacts only at the transmitter. Here again the dummy
antenna is of great value. If these unexplained outages do not appear in operating inte a dummy antenna,
then you must look elsewhere for the problem. It is always well to remember that the transmission lne
tuning units and associated connections, including the tower chokes, are somewhat like the drive shaft
between the automobile motor and the rear wheels. If the drive shaft fails, it does not mean that the
motor is defective.

l2. STEP BY STEP TROUBLE -5HOOTING. Never trouble-shoot on the basis of ‘‘it might be this or that''.
Instead, start from the beginning. If the transmitter was satisfactory on the dummy antenna, then the
question becomes ‘‘Where is the trouble?’’ If a transmission line connects the transmitter o the
antenna coupler, then disconnect the antenna coupler and provide a dummy antenna at the far end of
the transmission line and repeat the test. If you noticed the outage at this point, then the trouble is in
the transmission line. If not, reconnect it to the antenna coupler unit and put the dummy antenna at the
output of the coupling unit. This is known as step by step checking to locate problems.

The same process is used in trouble-shooting the transmitter. In checking voltages, you start with the
oscillator and go through to the power amplifier and with the first audioc stage to the final audio stage.
Other outage conditions not affecting the transmitter are listed below for your checking:

Under certain conditions, especially at higher altitudes, the guy insulators

will arc, usually caused by static conditions. This will nearly always cause

an outage as it changes the antenna characteristics. This is hard to find as

it is hard to see. Use of field glasses at night iz the best way. If it happens,
the insulator should be shunted with a resistor. Write our Engineering Depart-~
ment for advice, giving full antenna detail when writing.

At times the arc gap at the base of the tower is set too close or has accumulated
dirt. This causes an arc to ground under high modulation.

A crack in the tower base insulator is very unlikely but it should be inspected
and keeping the base insulator clean is necessary. A low resistance path at
this point is highly undesirable.

Look at the tower chokes. Though they are husky, they are in a vulnerable
position for lightning. You might find a charred point that is causing the
trouble.

Shunt fed towers or those with no base insulator are usually more sensitive
to static bursts than series fed towers. The best method is to try and malke
the feed line to the tower equal the impedance of the transmission line. Talk
to your consultant about this.

One side of the tower lighting circuit shorted to the tower itself, either

permanently or intermittently, can cause trouble even though the lights may
function perfectly.

13. OTHER OUTAGES, If the transmitter is the offender, such as acting improperly on a dummy antenna, the
process of elimination by starting at the first and following through is preferred, unless of course the
cause is actually known. The following may be helpful:

{(FALI, QUT) The transmititer turns off at high modulation. Possibly the
overload relay is set too sensitive. The transmitier may not be properly
neutralized where neutralization is required.

(HARD TO MODULATE)} Cause. can be either improper impedance maich
between transmitter and the transmission line or low grid drive to the final
power amplifier. Consult the instruction hook for correct grid drive. The
correct match of the fransmitter to load is covered in the instruction book.
Usually an antenna current meter that does not move up freely with modulation
indicates a mismatch between the transmitter and its loading equipment.

(BAD REGULATION) The size of the primary lines between the meter box

and the fransmitter is extremely important. If they are too small, bad regula-
tion will exist. In some instances the power line has bad regulation too. This

C
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Tube checking. Check tubes at least monthly and if is just as easy to

do it each week during the periodic maintenance program. Certain tubes
will become gaseous if left on the spare tube shelf too long. This type of
tube should be rotated into the transmitter to prevent an emergency change
to the spare tube, only to find it blowing out because of a gaseous condition.

Oiling, If the transmitfer has blowers, oil them as required, but do not
over -oil, Some types of turntables require oiling the motors.

Relay contacts. Burnish the contacts with an approved burnishing tool.
This should be done about every six to eight weeks.

Other preventive ideas. Clean mixing attenuators if they are not the sealed
type, with carbon tetrachloride, about once monthly. Every station should
have a small suction type cleaner. Even your wife's Hoover with the suction
attachments will do an excellent job of pulling dust from the inside of the
hard to get corners of a transmitter. Take a leaf from the Navy book which

says everything must at all times be sparkling clean or what is know as ship-
shape.

17, ADEQUATE TEST EQUIPMENT. To have 2 maintenance program, certain capital equipment is necessary.
Do not be ashamed to tell your Manager about this because he will recognize that proper maintenance is
saving money and not spending money. As a minimum, you should have this equipment:

Dummy antenna (frequently supplied in Gates transmitters).

Proof of performance egquipment, which includes an audio oscillator,
distortion meter, gain set, and RF pickup coil or rectifier,known as
the Gates SA131 proof of performance package.

A good grade of voltochmmeter.
A spare antenna current meter.
An inexpensive oscilloscope.

All of the above will cost less than $1000.00 and will pay for itself many times through the years.

18. THE CHIEF ENGINEER. He has the job of keeping everybody happy - listeners, Manager, and stockholders.
When trouble comes, he is under pressure. He will do his best to correct the problem as fast as he can.
It is well to remember that electronic equipment has many circuits and many avenues of travel. Where
problems are known, the solution is usually quick. Where the problem must be found, the solution will
take time. It is well to remember that if equipment did not need maintenance, it would not need a Chief
Engineer. The greatest service he renders is the insistence on a regular preventive maintenance pro-
gram, which he knows will prevent most problems. If the unusual problem does arrive, causing an out-
age, everyone in the broadcasting should be understanding and tolerant as the problem can be solved
quickest by not breathing over the Chief Engineer’s shoulder.

19. GATES ASSISTANCE TO HELP. Gates sincerely believes that the best type of assistance it can render to
the technical personnel in the radio broadcasting industry is in providing full cooperation, day or night, in
solving any problem no matter how small. Gates fechnical people recognize that sometimes the biggest
problem is solved in the most simple manner. This is part of electronics and never is fun poked at a
simple solution because this is the happiest kind. 1t is only by asking questions of any calibre, simple

or complex, of Gates people and mutually working together that the finest degree of broadcast program-
ming is posaible in your broadcasting station and the industry.

Service avénues. Unless the problem is of an emergency nature, Gates suggests that you write to the
Gates Service Department about problems that you are experiencing. If you have a problem fhat can not
wait, call the Gates Service Department during daylight hours at Area Code 217, 222-8202. Gates day-
light hours are from 8 A.M. to 5 P,M., Monday thru Friday, Central Standard Time or Central Daylight

Time, depending upon the period of the year. (ates nighttime service can be obtained by calling Area
Code 217, 222-8202.

GATES RADIO COMPANY
Subsidiary of Harris -Intertype Corporation

Quincy, Illineis, U.S.A.
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TEST DATA SHEET

STERECFECONIC DATA

Operating Erequency is ‘? F. S iz,

L3

Input level is +/ © dB m for 100% moduletion at 00 Hz.

Pilot modulation of Mein Carrier fregquency is /[ O % s

Pilot frequency is /9,7?? 7 Hze.
38 ¥Hz suppression is £/ 5 dB below 100% modulation.

76 Kz suppression is C O 48 below 100% modulation.

Crosstalk (LR into I-R or I~R into L/R) is — £/ 2. dB below
100% modulation,.

SEP/RALTION 4T 100% MODULLATION:

Frequency Left Channcl Right Channe®
~Hz aB T
50 3 S 3 S
100 ' 5/ 3 7
100 39 3 &
1000 3/ =g
. + 3000 5 7 =6
Soég S6 35
8000 3.5 35
10,000 35 ] 3.5
15,000 3.5 2 8

il
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STERECPHONIC DaTiie
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