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FM HARMONICS IN THE TV BAND

The sharp upsurge in FM 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 bui 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 ---- 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 to 215.50 215,75

The frequency range for commercial FM broadcasting is 92,1 Mc to 107.9 Mc:
--~ T'o 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 FM Harmonic Radiation

The FCC stipulates that transmitters of 3000 watls 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 microvolts per meter at

1 mile. At 80 db, harmonic attenuation (as called for by FCC), this station will
radiate approximately 7 microvolts 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 strength of from 5 to
25 microvolis 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 station being located between
the TV station and the TV receivers. In this instance the TV antennas are
focussed not only on the TV station 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 ¥M 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 FM 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 transmititer. These are factory adjusted and most M stations do not
have the expensive equipment necessary for correct adjustment. Tampering
with this calibrated adjustment will probably make the condition worse.

3., Do not rely on TV service men’s types of measuring equipment. They are
not builf to accurately measure harmonics and invariably give erroneous
readings that invite the CATV or local service men's association to say
1 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 M 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
existed, a TV station put traps for the fundamenial FM frequency on
nearly every TV set in town., Not the FM iransmitier.

Summary

The F'CC is well acquainted with this nation-wide problem. If TV viewers write
FCC, complaining about your FM station, remember the FCC has received a few
thousand similar 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 FM 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 fransmitting 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 Gatbes
Warranty, terms snd conditions 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 Warrsaty does not extend to "no charge® service on
the field.

Switch to Safety - This equipment employs voltages which

are dangercus and may prove fatal if contacted by operailing
personnel. Extreme cauvtion should be exercised when working
with the equipment. Observe safety regulations. Do not
change tubes or make adjustments inside eguipment with any
voltages ON. While your Gates transmitter is fully inver-
locked you should not xely on the interlock switches For
removing hlgh operating voltages. It is always bestv vo dig-
connect the primary power at the building wall switch and
discharge all capaclitors with the grouvnding stick provideld,

1.2 Purpose of Book

This instruction book has been prepared teo assist in the

installation, operation, and maintenaice of the Gaves FM-3I,
3 XKW, P transmitter. .

1.3 DPurpose of Eqguipment

The Gaztes ¥M=3H g an ¥ broadcast transmitter with 3,000
waltyg output deliverced to the transmission line. The opsy-
ating fregquency isg 88-108 MHz with characteristics excesding
thorse reguired by the Federal Communications Commission for
standard FM broadcast service. The transmittey is designed
for continuous broadcast operation and consists of the exciter
intermediate power amplifier, and the power amnplificr, plus
their associated power supplies. .

l.4 Description _

Only oxc cadbinet is reculred to house the entire transmiiter.
This cabinet is 42% wide » 787 high x %2 3/4" Qeep. All neces—
gsary metering is provided by four meters locsted on a meter
panel at ihe top of the cashinet. Ready acsess to the couplete
transmitter is accompliished by removalle rear door, hinged
accegs panel, and hinged cover of the exciter unit. Fronid
docrg are .provideld to offer s pleasing and symmetrical fioess

P T3 H
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1,6 Vacuum Tube Table

The following tubes are employed in the transmitter.

Symbol Designation Tube Type Funetion
vz 4CX250B Intermediate Power
Amplifier
Vi HCTH0004A Pover Amplifier

SECTION 2 - INSTALIATION
2.1 Inspection

The FM-3H is carefully packed at the Gates plant to ensure
gsafe arrival at its destination. The equlpment is packed in
a2 number of heavy cartons and wooden crates. Open the crates
and cartons carefully to avolid Qamaging any of the contents.
Remove the packing material and search for possible small items
. 8such as pilot lights, fuses, loose screws and bolis.

If damage should occour during shipment, all claims should be
filed promptly with the tranaportation company. If e c¢lain

is to be filed, the original packing case and material nust

be preserved. A damage report must be filed to collest Loz
shipping damageua Gates Radio Company ls not responsible fox
gaznage occecurring during qhipmeﬂt@ Parte or components shippsd
to replace those damaged in dransportation will be bhilled To
the customer plus tvanspor ation expenses, the cost of which
should formn & portion OL your claim to the transporiation
CONPANY «

A ﬁompleﬁe vigual inspection should be made of the cquirpasnt
Determine that there are no loose connections, loose corpon-
envs, broken insulators, ebtc., that nay have lLoen ﬁsmafeﬁ in
shipment. Make sure all relay contacts are free and in good
mechanical condition. Make sure all mechanicsl connections
are tight. Check with a screw driver or a wrench, all mechar-
ical and electrical connections that are mechanically bolte
together., All tie downs or blocking used foxr shipping yuvrposées
should be removed, A good overall visual inspeobion way save
tine and trouble in placing the {transmiiter into operating
condition,

2.2 Packing Check IList

Certain componoﬂ ;8 0f the transmititer have been removed Lo
shipuent and are packed scparately to ensure safe handling.
These parts on the F-3H have been kept to s bare mindman
and are plug-in units and hdej gomponents. Tubesthat ave
not clamped down for ncrmazl operation arve 2lsd removele

The following compornents have been removed from the trans-
mitver for shipping purposes:

- Pl %0
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Remount the two monitor coupling lcops on the exterior vertical
balun.

The lower end of the irmer-conductor of the balun connecets to
output loading capacitor 06,

Loosen the Allen set screws on the adjustable portion of the
balun. The distance that this conpornent 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. 7This adjustment must be accurate within
1/8" for proper opsratiocn.

The 4CX250B, ceramic chimney, and exbhaust tubing are installed
in the driver cubicle, figure 7.4. Place the tube in its
socket, slip on the cersmic chimney, and clamp on the anode
connector. Drop the exhaust tube through the opening of iths
upper tube deck to the top of the 4CX250B. Hold the exhsusth
tube in place with 0 rings above and below the deck surface.

Installing the 4C0X50004 is simple. Hondling of this tudbs is
covered in Seetion 2.4. The ancde connector assembly secures
with a clamp to the tube and with = bolt to the plate line:
Coarse freguency tuning of the plabte eircult is determined by
the distance of the roftary portion of the place cilrcuit from
the 4CX5000A tube deck. This measurement is recorded in the
test data for your transmitter and should be checked bhefore
ogegating the transmitter. Tolerance bhere is approximrately
ll”o '

Bolt the low pass filter in the transmission line bebwvecn the
directional coupler and ankeuns coax, and your basi¢ installse
tion is complete., The welght of the low pass filter should not
be applied to the 1-5/8" coaxial componente directly. Provi-
sions should be made st the trsansmitter site to have at least
two supportg for the filter.

2.4 Tube Handling and Operating Precaubions, 4CX50004

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

Before operating this tube, pleas

operating procedure given in Sccetion 3. It is recommended
procedure to adjust the equipwent for operstion under heovy
plote loading conditions, and with only sufficient RP drive
Yo provide the reguired power oubput and efficiency.

&
3

refer tc the tune-up and
%1

0
T

Exvreme care should be taken during fune-up as well as in
regular service to avoid, even momentarily, operating of this
tube under conditions of insufficlenl vlazie loading or excessivu
RF drive. These operaling conditions, especially at ths upper
end of the VHP range, will produvce excessively bigh seal and/ow
buld tewperature and will result in danage o thig tube,

N ¥l B
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2.5 FPower Conmectlion

After the transmitber is physically in plsee and the components
removed for shinmeut have been reinstalled, AC power should be
brought to the {transmitier. Referring to the installation
drawing, Figure T.2; the 240 V, 3 phase input enters the transe
nitter in the lower right hand corner and connects 4o the

3 phasge fuse hlock immedistely to the left. A 115 ¥V, single
phase fuse block is locsted at the center and to the rear of

the transmititer with bthe input Lterninals for the 115 volis,
gingle phasce towards the rear of the transmitter.

The zudlio input line enters the base of the trausmitter at the
center approximately T¥Y from the f¢o t. The gudlic ling connects
directly 4o terminal bvoard TRl of the H-6425 exciter. Terminals
31 and % are the audio iaputs and fterminal 2 ls ground cr shiald
conuection. If stereo ig used; the Lines are comnected iv ag-
cordance with the information in the M-LE3% sterec generaivolr
ingbructions, ‘

i from a 1ow

240 wolts, 60 Hz,

+ A power gsowres

ys,a]sﬂ requirad.

1d be in sgrooment

ble to¢ caryy the power regulire-
X .

The power leads for
reactancs powew nu¢
3 phaze, with appro b
of 115 volte, 60 Hg w,th
The condult or wiring of th
with local elcotyic codes and be
ments of the trensmitier. Fower lo n leads should
not be ruwn in the eame condudd ox dw the same wirlng doot. I,
due to n@“@Ssttvy the program leads ara in elone provivity to
the powver leadsn, the program lezds shonld be separvetely ohioldod,

A goed gLUuhd &t these ¥ frenuncncies i mandatory in kKesying
RE curvents ir nearby suadlo aquipmant tTo 2 nininun. RP “ugwlﬁy
ghows up in one of two ways -~ Leedhack oy nigh neolsgse, and in
sone cases boihe It should be pointed ouvt that even & smsll
amount of unshielded wire wskew & very efficient antersna fox
M frequencico., If RP From the cebiued Tiels is bronsferiyod

to The grids of the sundic equipnment, Lt g rectified and shows

. s
tp as nolse or feedback. We strongly rocommend & singls Gome
mon ground polnit from the tranomitier boge te & good grounding
sysiem such ag a waltor pies or actual sarthing ground,

2.6 oLing

2.6 Cooling /%/@2. f“’ . 4100 e

The transwitter is alr conled “nﬁz=evara1 kilowatvs cf hoo
are deoveloped and di331;at;& through the air ocutlet im the

top of the branamivier. Xt nay be necwwsary to provide a mesns
of exhaimtwng this air fron the {transaliter room or eunclonura.
Hest is a uwajor eneny to elgevronic comporent doberioration.

A gocd systen of removing the heoated aix from the trensmitiber
znd the sransnitler raoen,; and providing cocld alr for the aiy
inlet of the trovamiticr will greatly prolonz the 1ife of the
tranemitier and its ceompononss.  Dust work, 1if dnstalled, shou
not provide any back precssvre Yo tho pover amplifier cuclosurs,

£ H

At no point slionld the duet bave Jegs of a cross seevionsl

o+
L

l

wBu Fi53
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- i  ——— TR T

area than the cpening at the top of the transmitter. Sharp,
righﬁaangle bends are nct permissible. Where it is necessary
to turn a right-angle, a radius % e bend should be used,

There sre many installation possibilities. ERach and evory
ingtallation is somewhat different. Therefore, it is not
possible to give complete detalled informstion on the trang-
mitter ducting. Only general infoermation can be supplied.
As a suégesﬁlon, contact a local heating and cooling con-
tractor for a detalled analysis of the problem.

After the transmitier has operated ot full cubput a numbor of
hours, a vemperature rise ingide the transmlitier must not.
exceed 2 rlse 0L 209 above Lhe ANDLELE meo. sired at.ghe air

intake of blower and RUSE no% rise above 60° ¢ under any
elrcumst nqaga

SECTTON 3 - QPERATIOI
5.1 Pre-Qperation

Before placing the Flii-3H into operation, check once again
-the polnts covered in Section 2. Have you monnied all cowe
ponents physically and made these electrical conmnectionos:

1. Primary power to the 3 phase fuse block?

2. 115 wvolts Yo the ) phase fuse block?

3s Program line comnected to the exciter?

4. 315 volits for the crystal ovens?

5. Transmiticr comnected to anitenns or a svitabls loo

‘“?1
ey

If everything appears to be in crder, thon you may procc.d.
3.2 Test Data

Your eguiyment hag ne thﬁough many different Hinds of besd
at the Cales facfory and has been operated for oevoral hemr?
on your assigred operating frequoncy. This is to ensure cor=
rect adjunsiment and proper setvting of all controls., Refer to
the test data supplied with your Lr nemitter. This data ig
attached to the front of the transmiiter when shipped,

3.3 Adjuetinent

4 \-"‘l

et tbg d¢a¢ setlings to those given on the teat data sheol
Thrn the LPA “@rcen Voltage con.zoi fully counterclockwlse,
Primary power may novw be applied to the transpnitteor by plisiie
ingthe filament 0N bulton. The light behind the filanend ON
button should light. Next, the blower should begin to run
end come up to spced. Affter the blower renches maximim opove
ating speed, air pressure in the P.A. encloswre will 0paraﬁs
the ailr switch. Now run the P.A, scroon polta;o control vo
the lower position (counterclocﬂu se) on vhe sorson rheoestiat.

, e FH-BE
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T 2 DCibX‘DUd&c ( f

Check the P.A. bias voltage end adjust as necessary 1o
obtain the test data sheet mea51rc4$ntﬁ During the tune-
up procedure it may be necess a7 to inciesse the IPA volitags
to prevent the P.A, from drawing excesszive plate current.
The grid bilas voltaze on the P . is & combinacion of the
developed Dias Trom The RiP aXd i cotetsne volharzs trom tTho

blayg sunplv The biag supply is sev albt a compromise position
[

ef>¢w¢

0 oDbvaln the desired power sutut and to weep tne P.A. within
its dissipation i et nge dn cass of RF folivve,

Closing of the aipr switch will turn ON the Pa filament vold-
age which may be read with the multinmester switeh on the meter
panel in the filament velbege pogiition. Set the filaspent
voltage foxr 7.5 wolta. Next, pLMPu the nuliimeter gswitebh on
the neter panel to the driver gaihode current position. Hhix
is the UP pao;u=05@) Tf the aau‘“{; ig delivering powoer o

1 1g
the driver stapge, a r@ ing of approxluately 109 rill bo read
on the mulitinelar. uﬂﬁ Th’ ;?ﬁ;ﬁrl tnn:r~ for a mexinum

indicstion. 4s this meber is resding cathoae currant 1% will
also read the grid curvemt. %he high volizge may now be

apylled by pushing the high voltsge 07 button. This ﬂunplleu
piave and screen voltsge to the IPA stage simmltancously with

the apnlication of platz and screen vollage To the nower

empliiier stage. Deing tho s control Tor the Griver

unbil the Sadi PauLJQC b Gadw Sh SEelo renolnd
M—-‘ £l

S Y] ;)

Q1) nho uultinster, Lesonarn LHe :Hﬁ PIOTC Chreatt Dy LU
oF & Gip in the LrPA cathods moter remulnéa ¥ %he plate
cireult and loading are near thpjv operating posliions, powen

output of the samplifier will be noticed.

o arvplifics hy P,i*”'nb

up .L‘ 3 sitdon untlil saoneove
* T e e e

curi-eny in Lnuh,niadu

Green voltage
nbrol Laver sugid

»authler by adjusting
.

; : = £ : o 2ilate curvent. NeXT, ohick
ﬁbc pOSngun of the ﬁlhput Wouf Lng by rotETIEE the oatqu
looding control to give a maximim outpud indication.

Tie RP owsput neter isg the fariheat rigrAthﬂd meter on ke
PM-~%H. te Tunctlon des dcternined by the rotvery switeoh (81)
located on the uwvpper poritlon of 1he sccess doard You may and:

Forward

1. (O ¢
2e Foeler eslibratic 2 veading Guring
VEWR neasurenonts. :

2. V3SWR on the transmission linec.
3¢t this switeh to pesition (1). At this Piney 1 aprvoxi-
mately @ to 3 kilowadts of pe B OLeAsLECd, yau s0akd
ahoak The Vi3 - : the sereon ol
eS8 O b be :nu,,“,nl
undil Lo pe 0 Bho plate buriint.
output 1 snouvld he adjuubed
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Q)

for the maxinum ouvtput and the most overall efficient condi-
tion. Io reduce the RF‘outyut the amount ofwarﬂvedtoﬂtnc
PA can be sased by 1oy TE Gne sobheen voltage oF GHe
PL. Also the outDUT can he reduc“d by decrea%lnm Lhe PA
screen voltaggj

The multimeter switch (S10) located on the meter panel will
give an indicatior of the amount 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 thay

max1mun“drive“cond1tlon will be ver: Crose 0. th “same polnk

may, at somﬁh,régﬁenole' ara power levels, be different Foxr
maximum output and for minimum driver plate curvent. A con

promise should be made on the plate tuning of the ariver'far
& Oriver cal Oxe'currmnﬁ oL aD""’mea 3ﬂw_ % Scale reatluip

N ilﬂthOf a8  ;n  TRV T OiL, 61 GNBT. S 0.6

oI the dip.may afiect DA _elTict enc w N SR OWEL QU .‘ts‘gﬁﬁ
The‘operation of the transmitter is very inple and straighi-~
forward, and once adjusted shovld reguire only a nominal

arount of $ouching vp the tunlng ab regulazsr maintenanes PP“lQiS@%

The overloads are sst for correct operatlng level at the Lacbory.
Ihe TPA glabc overigéf_l gel for ngarly Evll sgoale readinz on

al=]
ﬁpp mvlth,t ‘“wﬁﬁh;y."glﬁtg oyerioac 4.9 Set Tox aanrux1wai 2Ly
dmvere% Dlote Current. WAC & TSt e toh tne Cverioaty

a?@ locaued under a small cover plate located on Lthe front
access aooro They nmay be referred *o by symnbol pumﬂ"w on the
schamatle (Figurve 7.10), Power cutppt of the transnitter may
e dloeyersad or decresged hy three controls on the dransritler
The fivet ig the ouboud leasding, It is best to lesve This
antrol gat foy meximuan laaomn" on Lnu ompiifier an uh?& will

@J%ﬂe upcmud control ds the power EWDAle“f crec%lxﬂlmdmu

After the Joading heg boen adjusted For mavipym powsy oubont Th
gereen veltaze may be rsised or Jov~r64 fox the degired 0pav
agting powerd3)The thi gorirol ds the JTPA seregn voliags

s

control. Hedueing this to its mininvm value will reduce the

drive and part of the bisgs to the final enplifiesr causlng

it to ovewloaﬂ and trip the plate voltage. JI& may De onaAM
ated in its moximusm position withcuy suy detrimental elicots
However, to ecive partial copivol to power oulpul aud sone
tolerence on the ypower oubput of the IPA siags 1t is yeo ommor'aﬂ
that it te run g4 svprowimately 8wm ef dtg Full seale setiding

The output of the exciter is adjusted with cutout contyd
the 10 W amplifier in the 0'-itov and ig coversad in the
exelter manual.

The transmuitier can easily be ramotely controlled. Dzscerip-
tion of the commections ig coveraed in Seetion 5,

"
““'\
bl
i

b
W
r
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Two controls for setﬁjrg the remote plate voltage and plate

vrrent for external mebering are located under the cover on
the hinged access door and are shown by symbhol number on the
schematic. :

tion for power oubtpub.

%.4 Maintenance
¥Maintensnece of the Fil-3H should consist of the following

L. Keeping the transmitter clean.

2. Changing tubass when LmiUS“‘.on falls of7.

%, Checking mechanical cohnecvlons and fastenings.
4, Taubricziing the blower motors

Keeping the transwitter clecan frem the accuwnulation of duot
will reduce failure resulting from arcing, dirty relazy contacts,
and overheating of chokes, resgistors, and transformers. TBlets
trogtatic fields are Hdust catcherst, Support insvlators in
the PA enclosure end other locations are the werst offenﬁarrw
They must e kept elean and free of sll forelgn neierial al
times., If not, arcing may result and the Insulator shatiereld.

1

vy
Sk

The aiw filters should be clean at all tines. Foriodieally,

it should be discarded and replaced with 2 new one. Thoe {iltar
is a disposable type and may be gbtaincd at a hardvare or .
heab¢ng gupply store.

Qace & month the entire tTrongwmitier should be clesuncd of dunt.
The inside of the power amplifier shovrld be *EUWQu;mlv wifad

¢lean of dust. A amali L h, sofv rag, and vacuum cleanes
cax be used very effectively in ¥eceping the eguipment r101 1o

ALl contactors snd releys should be inspecizé regulsrly fov
plttxnb and divi. Ths contacss ghould be buraished and
cleanod 1 reculred. The overload relays are tzlophons Type.
with sealed conbacts and shouvld require little aihention.

Thae hearings for the wotoy of the PA hlowar are sealed and
normally give long Srovble free operabion. Theysvs lubrlcated
foxr appro ximately 20,000 houre of e slon. After thig peyiod
cf operedion the grease in thsse bearings should be channdc
This dis done by taking the drain plug ovubt of the bolhon ol the
besxing and a grease Litting atitached o $he uwpper plug on tha
bearing. Now greasd should he applicd untlz clean 5fvaue TV
out of the drain plug at the bhottom. It 1s suggested the
blower be removed for this maintenance,

el onge & monkh
own thnrough the
i .L'lf‘_.’r}. with BOnR

-

The P4 tube snd the IPA 1lube should be vemow
and tho fins c¢lecared of dust. Alr may be bl
Firns in the reverse Jdirection or the anody ol
and water or denatured alcoliol.

E:‘;&f;)i{ﬁ JEMCE u/ TH;S TGNS MUrTTES (EAS  SHewnS T{.‘"f?i-'" (4 Pt

= =~ ; o e a1,
FICTER S wERT TGy ¢ GARTER L b Clipinn

- y 2
Vs uf SVFRFiCi i g
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This fTransmitier is a precision electrical device, and as =such,
should be kept clean at all times and free of dust and forsign
mzterial, Dust and moisture condensation will lead %o possible
arc overs and short conductive paths.

A good proventive maintenance schedule ig alwayas the bemt AB8 UL
ance for itrouble free trans mlvunr opoeration. -

SECTION 4 -~ CIRCUIT DESCRIPRION

The PM-3H circuits will be described in the following sectlons:

Power Ampliflier Power Supply
Intermediste Power

Amplifier (IPA) Control Circuits
Exciter Metering

See Tllustration T.T.
4,1  Power Amplifiewx

The power anplifier of the IM-3H amplovq a eingle 4CK5000A
tetrode in a common cathode anpllanL cireuit. The plate
circuit is inductively tuned by varying =z length of irner-
conductor of a transmission line within the rectangular oubter
conduntor, The plate line is avproximately one-half vavo-
length long, being foreshortened hy the outpub capacity of the
tubeo The large Vquabje porvion of the line is uvsced for rough
or approximate freguency seitting and the end of the hali-wave
line is made wvariable for plate circvit tuning. Tois is con-
trolled from the front panel. The fine freguency conirol covers
aporoximately 3 MHz at the low end of the FI band and approw
imately & MHz at the higher end of the bhand.

Output coupling is accomplished by capsclty tuning & balun.
The balun lnductively couples RF power from the amplifisy
enclosure.

The PA grid circuld ie common with the IPA plate circuit. The
IPA plate inductance, I~6, IPA plate tuning capacivoer, G-20,
and the input capacitor of the PA tubs form a modifled pl cireunii.

EVPeanLng of the PA screen and filements 1s accomplished by
using a number of high voliage ceramic capacitorg with lead
lengths kept as shor® ag posaible,

In ecomc transmitters, espe n}d]Jy gt the higher operating fro-
gheneies, there ig a capacitor conuccted botween grid and
cathode of the PA. This capacitor is usuqltv 2% pf, . or

6EC pP. .. The purpose 0f adding this component is to improeve
the ove erall performance of the power ampjltxcrn

. e § v ALRE
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4o "IPA

The intermediate power amplifier employs a 4CX250B tetrode in
a conmmon cathode circult. The grid clrecuit is capacity tuned.
The plate .circuit is common with the PA grid as previously
explained. JScreen bypassing is effecied with the built-in
bypass of the 4CX250B alr system sgocket. The IPA cathode is
bypasged with four ceramic butiton capscitors.

4.3 Exclter

Tha FM exciter is described in detail in the execiter instruc-
tion book, :

4.4 Power Supply

Only one high voltage power gupply 1s used in the FM-3H., 1%
supplies 4.3 KV for the PA plate and 2 KV for the PA ecrouwn
voltage, and the IPA plate. The bvaslc configuration ¢f the
supply is a three phase full wave bridge. 2 KV is obtained

from the center tap of the transformer tTo supply the IPA plats
and also supply the source foxr the variable voltage of between
300 V. and 1500 V. for the PA screen grid. Series limitinz
resistor, R-~47, prevents the PA screen grid from over-dissipating
in case the PA has a loss of plate voeltagse.

The 0 to 27C Volt varizable supply Tor the IPA screcn voliage
is also derdived I{rom the 2 KV center tep source., R26 1o jus
control.

The rectifiers for the supply are molded silicon columns
mounted on & panel slitached to the side of the transuither.
The six columnsg are wired to form.a thiee phase doublier olireidlts

The FA bias supply is 2 gingle phaae full wave bridge clrouit
usging silicon reetifiers. Grid hias bolwesn 90 to 175 voliy
is gupplied to the PA control grid. The bleeder resistow
across the supply, R-41, willl 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 filxed bias. _R3Y
is the blas adjust control. :

Lo  Control Circuiis

The contwrol clyeuits of the Md~-3H consist of the following:

K1 Primary Contactor - applies voltage to the filanments,
exciter, and encrgizes the blower.

K2 FPlate Contacter - appliocs primary voliage to the
plate traasformar (¥2 is cnerginzed after ¥3 olosss. )

!

] Mi-3H
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- X3 Step/Start Contactor ~ closes. Then K2 is energized,
" shorting out the contacts of K3 and the 1 ohw resisw-
tors. Step/Starting of the high voltage supply is
accomplished by K3 closipg first and applying voltage
0 the ftransformer primary through 1 ohm resisiors
R22; R23, and R24,

- K4 Auxiliary Relay - applies holding voltage to the
Step/Start contactor K3, if the air switch and door
interlocls ave closed.

- K5 Recycle Relay ~ energizes when elther the PA overload
or IFA overlcad reloy 1s encrgized a number of tines.
The nunmber of times ig determined by control R2bH. The
two overload relay contacts are iun series across the
relay clreuit for K5. When elther 0.0, relay energizes
and the contacts open, C3%6 starts to charge. If the
contacts are open for a sufflcient 1€ﬁbbh of time foz
G356 to echarge to the poeint that 4the voltage will enei-
gize Kb, uhe contacts of Kb will hreak %he hold olrcultd
ol X4 arl the plafe voltage will bhe switched O0¥F. If
K5 does not opewrate, the ovprJoad gontacty willl cionae
afier an overload and the pla gontactor K2 will again
S} eTok =g - TN

- K% The Underdrive RBelay -- will prevent applicatiocn of plate
and screen voeltage to the TFA and P.A. untill the grid
currens of the IPA reaches 8 ma. or more, EY in logaltad
on the frowht accesg door below K4, The contasts ol K9
are in gseries with door interlocks, In case of a plate

0]
voltage trip out due 10 low IPA grid current the reaoyols
cireuiu will mot operate. Only IPA and P.A. Dlate ovels
load will operate the recycle civeult.

- 59 Air Switch - c¢loses efter the aly pressure in the plemam
regches proepen Pressure, closing tihe intericek cireult
and switeniang prinary voltage to the PA filement trange
formera

4.6 Welering

fow?

ALY neecessary mebering of the F-%H ls sccomplishsed with
net meter panel. A nultinsier pro-

L

metere 1ﬁbated o1 the canl
vides the folliowing:

IPA Cathode Current
PA ¥ilament Voltasge
PA Drive

A metering rectifier ciroult dis callbrated atl the factowy to
give PA filament wolitsge »end on the multimeter. A PA drdve
dotfctorg coupled to the {rjd cireuit, provides a DC volitage
to the multimeter to indlicote the preasence of RF in the TA
grid enclosura.

e L e B9k
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The second meber réads PA plate current and is located in the
Plate B'lead. The meter is properly insulated and isolated
behind a protective plexiglass cover,

The third meter reads plate voltage and ig located on the low
potential side of the meter multipiier resistor.

The fourth meter is for indicating power cutput and VSWR on
the transmission line. This metler works in conjunction with
the directional coupler mounted in the output Transmission

line,

SECTION 5 - ADDITIONHATL, INFORMATION
5.1 Remote Control

Remose conirol facilities are bullt ixto ths Fl-3H and recuires
only counecticn to elther the Gates RDC-100 remote conlivoel unih
or the Gates RDC-2004 remote control equipment. The commectlons
to the transmitter are made at TB-6 located in the base ol the
cabinet. Terminal connceiions for the functions are shoevh on
the schematic Fig. T.10.

The funostions are:s

1. Pailegafe, Prinsry 0H-0OIF,

2 Momentary ON-0FF for plate vollage,

%s Raisec-Tower for adjusiing power cuipni.
4, Plate volitagse neboring.

5. Plate currvasnt mebtoring.

6. BF powoer owbnut mestering.

5.2 Stereophonic OGperation

Provision has been provided for the instellation of ths Galos

M-65%% atoereco genovator in the M exciter. Instructions fopr
sudio counections sre given in the M-6425 nanusl., With the

gddition of {the M-553% sterco generator the transmitter type
lamabey bocomes FiiS-3H.

o Y Y511
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5.3
Symbol No.,

Al
A2

B1

B2

¢1,C%5
c2,03

Co

C7

C8 thru Clb

C18 thru 023

can

CR5, 049

c26

¢27 thru C30
C%1

C32

C33, 034,048
036
C37,038,C47
C39

ci2

CU5, O4G
51,052,053
G54

056

CR1

CR2,CR6
GR%.CRA,CRY
CRS

DG
F1,¥72
F3,F4,FD
FG -

By

L1
FLZ2

Il
J2,J%
Jh
K1
X2 ,K3%
K4

-2 PARTS L1IST

Gates Part No.

432
436

516
516
914
516
516

516

522
516
520
516

520
516
522
516
516
524
510
516
516
516

384,
286
384
384

927
298
598
398
398

992
o4z

o2
61%
©12
50
570
574

0010
001%

0043
0054
1912
023%3%
0205

0206

0071
0227
0228
0250

0158
0054
0135
0082
0200
0013
05310
0389
023%
0210

0006
0016
0020

0124 ¢

3270

o188z ¢

0519
0213
0017

1600
3928

0230 <

0237

000
000

000
co0
00l
000
000

000

Q00
000
CO0
000

000
000
000
Q0

000

Q00
000

000

-1 e

Tiode

Dezeriotion

Neon Lamp .25 W (part of S4)
Neon Lamp .25 W (part of 55)

Blower, 1/% H.P,
115/230 V., _
Motor, ) RPM, Ratio 3210-1, 110 VAC

3500 R¥I,

Cap., 470 pf., 1L KV, Ceranic dign
Cap,, 2001 uf., 1 KV Ceramic dl%C
Var. Cap., 6-12 pf, (HOLll )]

BV Csp., 500 pf., 30 KV, ceranic
HV Cap., 500 pf.; 5 KV, ceranic

Cap., 1000 pf., 5 XKV, ceramlc

Cap., 50 uf., 25 V. electrolytic
Feedthru Cap., 500 pf., 500 V.
Plate Tune Cap., 050 pf., Var.
Cap., 500 pf., 500 V. button type
Cap., (part of tvbe sockeb)

Grid Tuning Cap., 5-30 nf. Vev.

Cap., 001 uf.? L KV5 cevamnic Aisc
Cap., 16 uf., 450 V. electroclytic
Cap., .01 uf., 1 XKV, ceraric disc
Cap., 25 pf., 7.5 KV, ceranic
Cap., 30-3C wf., 525 V, plug-in
Cap., 8 uf., 3 KV.

Cap., S600 pf. 10 KV.

Cap., 500 pf., 30 XV,

Cap., 200 pf., 7.5 KV.

Diode, Germaniuw, 1H544
Zener, 10 V. 10 V. s
Rectifier, Silicen, ©0O0 FIV,
Diode, IHQL4

¥V,

Dirvectional Oov;lnr

Fuse, Cartridge, 10 aup. 250 V.

Tusze, Cartridpge, %5 amp. 250 V,

Fuse, Caortridge, 8 amnp. 250 Y.

Yuse, Cartridgze, 1 eup. 250 V.

Tow Pasg ¥ilter

Hoteh Filder

Receplacle, "ULEY

Hﬂﬂco“=r1c, TENCY (pant of FLE)

Recepbacle "7

Pri. Contactor, 4 pole, 110V,

S0/60 Hz.

Dtauc/otCD -Start Conbsachor, 4 pouls
.3/85.0 \rrc

Contral Relay. DRDY, 130V, €D Yo,

Fihe 58
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o e b

Symbol No. Gates Part No. Descripiion

5 574 0054 000  Recyele Relsy, SPDL, & K olm
K6 K7 572 0125 000 0.l Relay, 1z, 1b, & VIO

K8 572 006€& 000 Screen Vollage Control Helay, 2C.
K9 572 6052 000 Grid Underdrive Relay

Il 913 8288 001 Variable Coupling Section

L2 942 3910 001 Plate Line & Coupling Assembly
L3 826 9569 001 Plate Choke

L4 494 0004 000 PoA. Grid RP Choke, 7 uh.

L5 91% 9%%5 9001 Drive Plate Choke Assembly

L6 913 9343 001  Drive Plate Coil ELow Band)

L6 913 9346 001 Drive Plate Coil {High Band)
L7 813 8379 (€01 Driver Grid Coil

L8 813 9380 001  Driver Input Coupling Coil

L1% 476 0014 000 Reactor, Biasy; 6 Hy.

Li4 476 0186 000 Reactor, P.A. 2 Hye.

L% 476 0035 000  Reactor, Driver, 10O Hy.

M1 632 0547 002  Multimeber, 0-300 Mi, 0-10 V.,

. and 0-100 Scale

(ﬂé) 6%2 010 Qo2 Meter, Plate Current; O0~3 Anp.
M3 632 0545 002 Plate Voltages Meter, 0-~5 KV Scalc
julis 632 0582 002 Meter, PWR, VSWR 0-~-2C0 ukl.

RL,RZ2, 13, R4 540 0594 000 Res., 200 ohm, 2 W, 5%
RS, RAY 540 0058 000 Res., 2400 ohw, 1/2 W, %9
R6,R9; R13, RS 550 0067 000 Control, 310 X chm.
R7

A

540 0070 060 Res., 7500 ohm, 1/2 W, 5%
R8 550 G0z 000 g9R Contrel, 10 ¥ ohn, 2 Y.
R10 haz 0204 000 Res.; b ochm, 50 W.
R11,R28,R51 550 0061 000  Control, L1 K chm, 2 V.
R12 540 0580 000 Res., 51 okm, 2 W, 5%
R1L4 540 0746 Q00  Rese, 3300 olm, 2 W, 10%
R15 540 0063 000  Res., 6200 ohm, 1/2 W, 5%
R16 540 0073 000  Res., 10 X ohm, 1/2 W, 5%
Ri8 550 0054 000 Driver Fil. Adjugl Combrol, DO olu, &V
R22,R&% Bed B42 0164 000  Res., L chin, 25 W
126 h52 Q80T 000 Consrol, 20 K okm, 50 W.
R27 . 542 0085 000 Roge, 10 K ohm, 10 W.
R29 550 0055 000  Q.T. Adjust Controel, 100 chiy 2 W.
R20 H4z 0058 GO0 Fes.y; 50 chm;, L0 V.
R31 542 0166 000 Beg.y 5 obm, 25 W, .
B3Z 548 0167 000 Res., .16 ok, 2 W, 1
B%% 552 0380 000  FToh. Fil. Adjust Rbcowbats,

10 onm, 100 ¥,

R30 552 0324 GO0 Bias Bhesostat, % K chm, 25 V.
R40 540 0579 000  Res.y 47 obm, 2 W,
R4l 542 0218 000  Res., 4 K ohm, 50 W.
A5 Yag 0224 000 Res.y 10 X oklm, 50 W
RA4G 552 Q4273 000 Screen Bhecatet, 10 K cohm, 150 Y.
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Symbol No. Gates Part No. Description

R&47 542 0370 000 Rese., 15 XK ohm, 200 VW,
R4S 913 3424 00L Meter Multiplier, 5 magohm
R49,R50 542 0%12 000 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‘
BR60,R61,R62 542 0080 000 Res., 7000 ohm, 10 V.
R63, R64 542 0%09 000  Res., 50 K obm, 100 V.

R65 542 0327 Q00 Res., 2000 ohn, 160 W.

sl 600 0162 000 SWR/bﬁLa Rotary Switch

82,858 604 0196 000  Door Interlock Switch

53 604 0284 Q00 Fil. OPF Pushhutton Switech N.C.

S 604 0283 000 Fil. ON Pushbutton Switch N.O,

<§5 604 0286 000 HV OFP Push Switch, H.C.
6/ 604 0285 OO0  HV ON Push Switch, N.O0.
604 0032 000  Remote Local Toggle Switeh DPLT
859 604 0258 000 Alr Switeh, .3 to 1" W.C.
510 602 0055 C00  Multimeber Selector Switeh, 2 pole,
%3 Pous.
S11 602 0056 Q000  Blas Low/High Voltage Lever Switch ,
' 2 pole

512,813 604 0052 000 Low/Tigh Volbtage Linit Switch

71 472 0409 000 FPoho Fil. Transformew

T2 472 0080 000 Driver Fil, Pransformey
T3 472 0208 000 P.A. Bias Transforner

T4 472 0535 000  HV Pwr. Transformer
TEL 614 0059 000  Terminal Board, 2 terminal
T83 614 0073 000  Blas Supply Terminal Board, 4 ferminal
TBL 614 Q052 000 Moter Contrel Terminal Board,; B termizncd
1B 614 QLL4 000 Terminal Board, 6 termingl

TB5 614 Q104 000 Rmt. Ctl Terminal Board

Vi 374 0016 Q00 P.ho Tube, 4CXH000A

Ve 24 0081 000 Driver Tube, 4HCX2H0EB

pAIY 4G4 QOL6 000 Socket, Ocial

gXFlg 2 & 6) 402 0015 000  Fuse Biock, 3 pole

XP3; 4 & 5) 402 0087 000  Puse Rlock, 3 pole
S0 402 0021 00C  Fuseholdeyw

XVl 404 0069 000 Poho Tube Socket

iv2 404 0082 000 Driver Tube Socket

71 thru %6 %84 (0235 000  Rec 1&1@% 10 V.

3

A 384 012) 000  Bles Supply Rectifien

~17~ H

a7
jan

‘ilj. '

o]
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ADDENDUM TO INSTRUCTION BOOK 888 0924 Q0L
M6425 TE-1 FM EXCITER

Gates Radio Company is supplying a 3 4B isolation pad, AT1
(992-2241~001) with the TE-1 FM Exciter. This should be
installed between the RF output of the exciter and the input
of following amplifier stages.

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

PARTS. LIST

AT] Tsolation Pad, 3 dB -- 9922241 001

Symbol No. Gates Stock No. Deseription
612 0233 000 Recepbtacle, Type "NV
612 0237 000 Receptacle, Type "ENCY

R35,R36 540 0598 000 Res., 300 ohm, 2 W.

R37,R38, '

R39,RL0 540 0584 000 Res., 75 ohm, 2 W.

8/24/67 Gates Radio Company

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

1B 888 0924 001 Gates Radio Company
Quincy, Illinois

www americanradiohistorv com
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SPECIFICATIONS
M-i425 EXCITER AS USED WITH
M-6507 SCA AND M-6533 STEREQ GENERATOR

MECHANICAL:
Width: 19"
Height: 14"
Depth: 12-1/4"
Weight:

(Uncrated) 52 lbs. (monaural only).
3 lbs. (SCA generator).
6 lhs. (sterco genecrator).
Finish: Beige
Semiconductors used throughout.

All sections of exciter shipped in proper position
ready to use. Remote Control Facilities Included:
(see explanation on page 3).

ELECTRICAL:  (Monaural Operation).

IFrequency Range: 88 to 108 MHz.

Powoer Outp_ut: 10 Watts {min.}.

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

R Qutput Impedance: 50 ohms (BNC connector).

Oscillator: AFC controlled.

Frequeney Stability:  .001% or better.

Modulation Capability: Capable of +100 kHz(+ 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: .5%, 30 to 15,000 Hz.

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

AM Noilse: 70 db below reference

carrier AM modulated 100%

Temperature: ~20° to +50° C.

Altitude: 7,500 ft.

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

ELLECTRICAL: (Stereophonie Operation).
Pilot Oscillator: Crystal controlled.
Pilot Stability: 19 kHz +1 Hz O° to 50° C.
Audio Input
Tmpedance (1ft & rgit): 600 ohms balanced.
Audio Input Level
(It & rgth +10 dBin +1 dB for 1004

ELECTRICAL:

modulation at 400 Hz.

Audivo Frequency
Resp. (Uft & rgt): Standard 75 microsecond,
FCC pre-emphases curve
+1 dB, 30-15,000 Hz.
Distortion (1ft or rgt): 1% or less, 30-15.000 Hz.
FAl Noise (Ift or rgt): 60 dB (min) below 100%
modulation (ref. 400 Hz).
Stereo Separation (l{t
to rgt or rgt to 1t

channel): 35 dB tmin) 30 to 15,000 Hz.

Sub-Carrier Suppression
(with or without
modulation present: 42 db (min) below 80%
modul atioen.
*(Crosstalk (main channel
to sub-channel or
sub-channel to main
channel): 42 dB (min) helow 90%
modulation, 30-15,000 Hz.
Sub-Carrier 2nd Har-
menic 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 conjuncition with a wideband dis-
criminator to measure crosstalk and dis-
tortion.

(SCA Operation).

Frequency: Any SCA channel between
25 and 75 kHz.

Frequency Stability:  #500 Hz.

QOscillator Type: Two Colpitts heterodyned
to produce desired ocutput
frequency.

Modulation: Direct FM.

Modulation Capability: Capable of £7.5 kHz (5

kHz considered 100% -

modul ation),
Audio Input
Impedance: 600 ohms balanced.
Audio Input Level: +8 dBm, 23 dB for 100%

modulation at 400 [z.
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.
A Notse (main channel
not medul ated): 55 dB min. (ref. 100% modu-
lation 400 I1z).
Crosstalk (sub-chan-
nel to main channel
and stercophonic

sub-channel); -60 db or better.

#*Crosstalk (main chan-

nel to sub-channel): 50 db below 100% modula-
tion (ref. 400 Hz) with main
channel modulated 70% hy
frequencies 30-15,000 Hz.

#measurement to he made using an [.=R signal for

sub-channel crosstalk and an L=-R signal for main
channel crosstalk.

*Ferosstatk measurements to be made from an FCU

approved monitor using 75 microsecond de-emphasis.
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If FCC model not availabie, an equally dependable
method or instrument to be used.

Power Input: 24 V DC at 40 ma. (.96 watt).
Automatic Mute Level: Variable from O to —40 dB
below 100% modulation.
Exciter is internally equipped
to manually or remotely
switch from monaural to
stereo operation. 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 Contrel:

The M-8425 exciter unit is completely self-contained.
Attach it to the 117 V. AC line, connect audio input
wires, and you have a complete 10 Watt FM Transmitier.

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

Silicon transistors and diodes are used throughout ail
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 greatly increase life expeciancy of transistorized
equipment. This exciter is air cooled and aftor 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 turn 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

vou in turn can bill 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 Gales 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 cahinet or
as a replacement in a transmitier for an older type of ex-

citer. If the unit is already in a transmitier, interconmec-
tions to the exciter 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) on 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 will 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 properly 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 exciter should he connected into either a
dummy load, antenna, or a following amplifier stage.
After connecting 117 V. AC io proper terminals on the
exciter, power switch located on the power supply may
he turned on. Observe the output froquency 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 hy the Gates
test 1ab when the unit was tested on customer frequency.

Qutput frequency should stay well within FCC s_pccifica«
tions over long pericds of time without any readjustment.

Reset drive control (R11) on the 10 wati 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 andio input levels by ohserving modulation per-
centage on a standard 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 o 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 exciler 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 67 kHz. The units
should be placed in the slots shown on the intercon-
necting diagram 838 2064 001. Audio input terminals
on the rear of the exciter unit will then correspond to
the proper SCA unit,.

With no main channel modulation on the carrier turn on
the SCA time econstant switch (S1) Lo the defeal (D}
position. This will turn the SCA generator ON. Set the
output level of the SCA generator (R30) to modulate
the mam carrier as desired. Usovally 10 to 15% modu-
lation of the main carrier is sufficient. Do not exceed
30% modulation of the main carrier by 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 te be
re-adjusted retune L3 or L4 slighily 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 time constant. This determines how soon after the

programming stops that the sub-carrier will turn off.

Set the mute level conirol (R32) to the muting or quiet-
ing level as desired. This will generaily be at a level

approximately 30 dB below the normal 100% modulation
point.

STEREQ OPERATION

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

The stereo generator may be 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 should not be re-ad-
justed except in cases of severe trouble. Contact the
Gates Service Department first.

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

generator schematic. Front Panel adjustments have

a hox 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 stereo
cgenerator will rarely, if ever, need adjugting. Adjust-
ment should generally not be attempted unless an FCC
type approved stereo monitor is available.

All of these controls were properly adjusted at the
factory and do not normally drift. ﬁi,_ﬂ_&t@%@-
trol for 8§ to 10% modulation of maip carrier with no

Tdio input applied and without any SCA modulation

of main carrier.

et out level sg normal pr ming m t
maii channcl at prescribed level, 90% (+10% pilot)
or if a 67 kHz SCA 1s 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-
{ude. This may be done hy observing 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 peinting
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 switched 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 fo ap-
propriate terminals on back of the exciter enclosure
and the sterec-mono functions performed remotely.

MAINTENANCE

(General 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
screelil.

TROUBLESHOOTING
Since each 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 info the receptacles on each in-
dividual module.
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The finest 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 refer-
ring to the appropriate block diagrams. Once the problem
has 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 troublesheoting.

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
he expocted.

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

A "Cause-and-Effect” table is included in pages follow-
ing to speed up the isolaticn 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
oh power supply 1s "ON». Check that 117 V AC is sup-
plied to proper terminals on rear of exciter. Check 117

V fuse, '3, on power supply. Check F1 of cabinet inter-
cabling. This is loeated on shield box behind power sup-
ply. (Refer to interconnecting diagram).

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

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

Determine if modulated oscillator is providing output by
listening to FM receiver tuned to operating frequency.
Measure cutput 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 comrect value when AFC defeat
switch 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 hecomes 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
of frequency. If the cause of loss of heat can not be
mmmediately determined, modulated oscillator may be

retuned to carrier frequency and operated temporarily
without an oven heater. Center frequency drift must
then he observed 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 kliz off frequency. The right
frequency is the one where the AFC unit locks instead
of kicking the frequency manitor off scale. In parti-
cular, care should be taken not to tune the modulated
oscillator very far below 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
none is present.

HIGH DISTORTION

Most apt to occur in the consoles or audio lines connec-
ted to the exciter. No active elements such as transis-
tors are present in the exciter at andio 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 be present in a remote
controlled system.

Disconnect plug from audio unit and any SCA generators
f:ha}t are used. This should 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.

Crosstgﬂk 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 monitor 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
applied to a filter section consisting of C1, C2, R1
and R2.

1 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 Q3 compares the output voltage with that sup-
plied by reference diodes CR5 and CR13 and adjusts
the gain of Q1 by means of amplifier @2 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 voliage supplied by transformer
T1. This rectified voltage is applied to filter section
C3, C4 and R7. Q4 is the series control transistor
that actually regulates the 24 volt supply. A sample
of the oufput voltage is compared in Q7 with a refer-
ence voltage supplied by temperature compensated
dicdes 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 to +70°C. The
output voltages will also remain constant as the line
voltage is varied from 85 to 115% of normal 117 voli
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
input should be connected to the black and the green/blk
primary leads of T1. If normal AC line voltage is very low,
say 105 volts or less, the black and the white/blk primary
leads of T should be used. If normal AC line voltage is
l125 volts or more, use the black and the white primary
eads.

An AC line voliage 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 volis 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 heyond normal limits.

MODULATED OSCILLATOR

Carrier frequency of exciter unit is generated by an emit-
ter coupled oscillator circuit. This consists of tran-
sistors Q1 and Q2 in the modulated oscillator unit. This

circuit will oscillaie 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 hy varying base bias voltages of transistors

@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 control
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 connected 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 J13 of the modulated oscillator circuit
is on the order of 15 to 20 milliwatis. *

Normal adjustment of the modulated oscillator is to
set it exactly on frequency with the oven warmed up
and AFC defeat switch on AFC unit off. AFC defeat
gwitch is then turned on. T1 is the only variable ad-
justment of the modulated oscillator and when "free-
running® will tune the modulated oscillator {rom 88

to 108 MHz. SEE PASE [3A

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 return the locked fre-
quency to within about 1 kKHe=.

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

10 WATT AMPLIFIER

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

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 match the output impedance of Q3 to the low im-
pedance of transistors Q4 and Q5.

The output circuit of @4 and Q5 is a modified Pi type
of circuit consisting of L5, 1.6 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 ou&;

ut.
e CMUST BE £XACT .I
C22 is adjusted for %E%%LRMﬁ across a 50 ohm load
(located in AFC unit). Thig 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

Output frequency of the exciter is maintained exactly
on frequency by the AFC unit. A sample of the RE out-
put 1s fed into J9 of the AFC unit and compared to 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 RF sample obtained from L2 is
200 kHz below the operating frequency.

These two RF samples are then mixed by diodes CR1
and CR2. Low pass filter L5 and C14 and C15 filters
out all but the difference of the two RF samples. Tran-
sistors Q3, @4 and Q5 successively clip and amplify
the 200 kHz signal applied to the base of Q3. This
Signal is further Hmited by transistor circuitry Q6

and Q7.

Width of the pulses obtained from limiter ¢ircuit 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 widih of these
pulses to a pre-determined value regardless of the
frequency.

The AC-DC converter circuit Q10 obtains 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 transistor is driven into conduciion 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 Q10. The number

of pulses per second is, of course, determined by
the infermediate 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 J8
after being filtered by resistor R54, and capacitor C38.
This DC error voltage will be exactly zero 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 cycle of Q10 so that a positive DC error volt-
age 1s obtained for application to the voltage variable
capacitors in the modul ated oscillator cireuit. This
error voltage causes the capacity of these diodes to
increase thereby lowering the output frequency to its
assigned valune.

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 appearing at the
AFC output terminal J8 terminal 4. If this were not
done a sudden positive surge such as when the exciter
is initially tumed on, would cause the modulated os-
cillator circuit to seek its image frequency because

of the sudden application of a positive voltage.

Adjustment of the AFC unit consists of tuning L1 to
the cryatal frequency. L2 is adjusted to three times
the crystal frequency. Approximately 4 VRMS 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 {requency stan-
dard so that the output frequency of the exciter 1s 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 dl-.
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 andio inputs are filtered, pre-emphasized and
applied to a resistive matrix. They then c_:onneqt to tlr}e
stereo generator. The composite stereo signal including
pilot returns through the audio unit for apphcatlon to
the modulation input of the modulated oscillator.

Left audio input cireuitry consists of three fundamental
types of circuits. First, is a 19 kHz notch filter con-
sisting of 1.1 and C1.

Resistors R1 through R5 and capacitors C2, C3, C4
along with inductor 1.2 is a 75 microsecond pre-emphasis
section.

The primary and secondary impedance of T1 is 600 ohms.



www.americanradiohistory.com

Right audio input circuitry is exactly indential to left
audio input circuitry,

When selector switch S1 is in the stereo position, out-

. put of the left pre-emphasis section is connected to the
primary of T1. The secondary of T1 connects into the
matrix consisting of R13 through R18. At the same fime,
right audic 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 19 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 51 is placed in the mono position, audio input
signals connected to the left audio input, again pass
through a 19 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 51 in the mono position the normal right
stereo input 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 sterec 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. R171 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 (I-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 (I+R 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).

.2 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 L+R to L-R crosstalk at 15 kHz. This is ac-
complished by connecting 1.=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 tunable 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 T1. When connected as shown the audio
response will rise up several dB at 5000 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 kllz 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 fo a muting cir-
cuit consisting of transistor @4, 5, @6 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 transistor Q8.

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

When audio is removed from the input, biag 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 audio
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 before the sub-carrier is turned off.
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Adjustment of the SCA generator consists first of setting
the output filter properly so that there are essentially no
harmonics 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

so that minimum attenuation or ripple exists over the sub-
carrier passband. This passband 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 967 kHz. L3 or L4 is then "fine* tuned for the exact
proper 3CA frequency in comparison with a frequency
standard. A non-metallic tool with narrow screwdriver
type blade is necessary for this adjustment.

QOutput level control R30 is set to modulate the main
carrier the required level.

Mute level control R32 is adjusted so the sub-carrier
ouiput turns off if the audio input signal disappears.
Optimum setting is about 30 to 40 dB below 100% modu-
lation of the sub-carier. 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 level 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.

STEREO GENERATOR

A 19 kHz pilot signal for the composite stereo signal
is 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 medulator circuit consisting of transformers
T3, T4 and diodes CR1 through CR4.

An L-R input signal from the audio unit is also ap-
plied to the halanced sub-carrier modulator.

An 1.-R double sideband suppressed carrier signal
appears at the output of T4. Harmonics of this signal
are reduced by forwarding biasing of diodes CR1
through CR4 and by adjustment of harmonic 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 [.-R double sideband signal at
the junction of C22, R53 and R&0.

Tk_le time delay of the L+R input is adjusted to agree
with that experienced by the L-R circuitry. This is

accomplished by a time delay consisting of 1.3 through
L6 and capacitor C29 and C30.

Thus a composite stereo signal appears at the junction
of C22, R53 and R60 and is applied to emitier follower
circuit Q12 from the rotor of R53 which is the output level
conirol.

This signal is then amplified in transistor Q13 and applied
to the base of emitter follower circuit Q14. 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 emitter follower Q7 allows ad-
justment of pilot phase for maximum separation. A pilot
gain control is 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 14.

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 stereo signal will interfere or get 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 @10 and then back into the base circuit of
amplifier Q13.

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

ter nerator consists of settin
C2 so the pilot signal is within specifications. This

must be done in comparison with a frequency standard.

T1 and T2 are tuned for maximum output. Doubler hal-
ance control R20 is 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 bal anced modul ator
properly. R65, L-R gain control is adjusted for the de-
gired level of audio to drive the balanced modul ator
circuit.

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

Sub-carrier null control R48 is adjusted for minimum
88 kHz output. This may be observed on a type ap-
proved stereo 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 best
phase relationship between the L+R and LR 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 harmonic of the 38 klz
double sideband signal and B33 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 adjusted to modulate the main car-

_E__l_h_.l___.._——

rer 10%. Pilot phase K24 15 adjusted for best separa-

tion as read on a stereo monitor 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. ,

Symbol No.
Bl
C1 thro C20

F1
2

J1

1.1 thru L6,
L11 thru L20

L7 thru L10

P3,P4,P9,P13
P12

P1. P2,

P5 thru P8,
P10, P11
TB1

TS1

XK1, XF2

PARTS LIST
CABINET ASSEMBLY - 992-1773-001

Gates Part No.

430 0030 000

516 0319 000
Feedthru

398 0021 000
398 0015 000

612 0418 000

494 0110 000
814 4837 001

620 0379 000
610 0238 000

612 0405 000
614 0087 000
614 0148 000
402 0024 000

Description
Fan, 115 V., AC, 115 CFM
Cap., .007 ukF, 500 V.

Fuse, 4A., 250 V.
Fuse, .5 A, 250 V.

Panel Jack, BNC, UG291/U

Choke, 3.3 uH.
Gates Agsemhly

Plug, Female
Plug, BNC, UG88/U

Female Plug, 15 Term.
Terminal Board

Tie Strip

Fuseholder

POWER SUPPLY - 992-1726-001

Al

C1, C2

C3, C4

Ch

C6, C7

C8, €9, C10,C11,
C12,C13,C14
Ci15

CR1, CR2,
CR3, CR4
CR5

CR6, CR7,
CR8, CR9

396 0163 000

524 0125 000
524 0104 000
524 0094 000
516 0043 000

516 0375 000
506 0085 000

384 0019 000
386 0043 000

384 0165 000

Lamp, 3 W, 120 V.

Cap., 200 uF, 250 V.
Cap., 1000 uF, 50 V.
Capl, 500 uF, 50 V.
Cap., 470 pF, 1kV, 10%

Cap., .01 uF, 50 V.
Cap., 2 ulr, 200 V,

Diode IN2(70
Zener Diode, IN2767

Dicde 1N4720

Symbol No.
CR10

CR11, CR13
CR12

Fi

2

F3

J1

T1
XAl

XQ2, XQ3,
XQ6, XQ7

Gates Part No. Description

386 0047 000 Zener Diode IN3582
384 0134 000 Diode, 1N914
386 0034 000 Zener Diode, IN3031B

398 0012 000 Fuse, 3/10A4, 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., 30ohm, 2W, 5%

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

548 0192 000 Res., 1000 ohm, 3W, 1%
540 0683 000 Res., 68 ohm, 2W, 5%

540 0049 000 Res., 1000 0ohm, 1/2W, 5%
548 0197 000 Res., 16000ohm, 3W, 1%

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

404 0198 000 Transipad for TO-5 Case

XF1,XF2,XF3 402 0013 000 Fuseholder

10 WATT AMPLIFIER - 992-1715-001

C1, C2, C3, Cb,
Cs6, C9, C10,
C18,C21

C4, C7,
C14, €15

C8,C12,C17
C11

C18, C16
C19

C20

C22

C23, C24

J2
J3, J4
J12

.1
L2
L3, L4
L5, L6
L7

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

520 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 0241 000 Cap., Variable, 1.5-9.1pF.
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 RFE Choke, .68 uHl
814 3244 001 Inductor

814 4837 001 Coil
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Symbol No.

Q1
Q2
Q3
Q4, Q5

R1

R2

R3

R4, RY
R5

R6

R8

R9, R10
R11

T1
T2

XQ1, XQ2

Gates Part No.

580 0036 000
380 0037 000
380 0038 060
380 0039 000

540 0050 000
540 0074 000
540 0019 000
540 0174 000
540 0183 000
540 0296 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, 172W, 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. C5

C2,C3,C4, Ca,
C7,C8

C9

CR1

J11

K1
L1,1L2,1.3,L4

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

R, R10
R11

R12

R13, R14
R15, R16
R17, R18
R19

R20

51
T1, T2

XK1

508 0308 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
552 0800 000
540 0073 000
548 0218 000
540 0043 000
552 0797 000
540 0046 000
540 0036 000

604 0336 000
478 (282 000

404 (209 000

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

Cap., .03 ul", 100 V, 1%
Cap., 100 uF, 50 V.
Diode, IN314

Panel Connector

Relay

Inductor 2.7-3.3 uH

Res., 270¢ohm, 1/2W, 1%

Res., 1100ohm, 1/2W, 1%
Trim Pot., 300 ohm, 1 W.
Res., 10K ohm, 1/2W, 5%
Res., 600 ohm, 1/2W, 1%
Res., 560 ohm, 172 W, 5%
Trim Pot., 100 ohm, T W.
Res., 750 ohm, 1/2W, 5%
Res., 300ohm, 1/2W, 5%

Switch, SPDT, Center QFF

Input Xfmr, 814 5241 001,
ADC

Relay Socket

MODULATED OSCILLATOR - 992-1772-001

Ci1,C2,C8
C3, C4
C5

Ce, C9, C10
C7, Cl11
C12

C13, C15
Cl4

C18, C19

516 0406 000
516 0407 000
516 0410 000
516 0409 000
016 0408 000
522 0244 000

216 0043 000,

522 (5240 60O
200 0380 000

Cap., 5.6 pF, 200V, 10%
Cap., 15 pF, 200V, 10%
Cap., I pF, 500 Wv,
Cap., 470 pF, 200V, 10%
Cap., 100 pF, 200 V, 10%
Cap., 50 ulr, 25 V.
Cap., 470 pF, 1 kV, 10%
Cap., 15 uF, 25V.
Cap., b1 pF, 500 V, 5%

Symbol No.

C20
C2]
C22

CR1, CR2
HR1

J10
J13

1.1 thru L6
Q1, Q2
Q3

R1

R2

R3, R4
Rb5, R6, R7
R8, R22
R, R10
R11

R12

R13

R14
R15, R16
R17, R19
R18

RZ0

R21

T1

XQ1, XQ2
XQs

C1, C13
C2

C3,Cr,C8,C11

C4

Cs, C10
C6

Co

Cl2
C14, C15
C16

Cl17, C25
C18, C26
C19

20, C21, C22,
€23, C24

C27
C28
30
C31
C32
C33, Ca4

35, C36,
C37, C39

Gates Part No.

506 0087 000
516 0043 000
516 0082 000

528 0007 000
914 3779 001

610 0419 000D
620 0355 000

494 0176 000

914 6003 001
380 0048 000

540 0928 000
540 0937 000
540 0894 000
540 0960 000
540 0880 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 0912 000

914 4247 001

404 0197 000
404 0198 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 0083 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, IN4808
Oven (Modified)

Panel Connector
Panel Receptacle

Choke, 3.3 uH

Transistor {Gates Spec)
Transistor, 2N3118

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

RF Transformer Assembly

Transipad
Transipad

AFC UNIT - 992-1716-001

Cap., 10pF, 5%, 500 V.
Cap., 39 pF, +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 uF, 25 V.

Cap., .001 ul", 1 kV.
Cap., .01ul, £10%, 100 V.

Cap., .1 ul, 200 V.

Cap., 330 pF, + 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 ukF, 3 V.

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

38
C40, C41

| 043, C44, C45,
C46. CA7, C48,
C49. C50, C51

C52, C53

CR1, CR2
CR3
CR4
CR5

CR6, CR7, CRS,

CR9, CR12

CR10, CR11
CR13
CR14
CR15

HR1

Q1,Q2, Q86,
Q7, Q8, Q9

Q3, Q4, Q5
Q10

R1, R6
R2, R7
R3

R4

R5, R8
R9, R11
R10

R12, R13
R14

R15

R16
R17,R18,R22
R19

R20 R24
R21, 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 ul", 200 V.

Diode, Silicon IN914
Diode, 8ilicon IN914
Diode, Zener IN747A
Diode, 6082

Diode, Silicon 1N914

Diode, Zener
Diode, 6046

Diode, Silicon 1NG43
Diode, Zener 1IN3582

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

Receptacle
Panel Receptacle

Osc. Coil Assy, (yel. dot)
Trip Coil Assy, (green dot)
RIF Choke, 812 uH

RF Choke, 2.7 uH

Choke, 2.2 uH

RF Choke, 300 uH

Transistor, 2N708

Transistor, 2N697
Transistor, 2N3500

Res., 18K ohm, 1/2W, 5%
Res., 8200 ohm, 1/2W, 5%
Res., 680 ohm, 1/2W, 5%
Res., 5100 ohm, 1/2W, 5%
Res., 10000hm, 1/2W, 5%
Res., 100 chm, 1/2W, 5%
Res., 51 ohm, 1W, 5%
Res., 1800 0chm, 1/2W, 5%
Res., 91K ohm, 1/2W, 5%
Res., 20000hm, 1/2W, 5%
Res., 2400 ohm, 1/2W, 5%
Res., 8200 ohm, 172 W, 5%
Res., 15K ohm, 1/2W, +5%
Res., 1000 ohm, 1/2W, 5%
Res., 470 chm, 1/2 W, 6%
Res.. 18K ohm, 1/2W, 5%
Res., 33K ohm, 1/2W, 5%
Res., 4700 chm, 1/2W, 5%
Res., 390 ohm, 1W, 5%
Res., 1500 ohm, 1/2W, 5%
Res., 330 ohm, 1 W, 10%
Res., 11000hm, 1/2W, 5%
Res., 10K ohm, 1/2W, 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

Rb4

R55

R57

R58

R59

R60
R62
R63
RT1

51

XQ1, XQ2, XQ6,

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 (053 000
540 0113 000
548 0195 000
540 0646 000
540 0655 000
552 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, 1/2W, 5%
Res,, 1800 ohm, 1/2W, 5%
Res., 3300 ohm, 1/2 W, 5%
Res., 2700 ohm, 1/2W, 5%
Res., 1300 ohm, 1/2W, 5%
Res., 470 ohm, 1/2W, 10%
Res., 330 ohm, 1/2 W, 5%
Res., 910 ohm, 1/2W, 5%
Res., 4300 ohm, 1/2W, 5%
Res., 1500 ohm, 1/2W, 5%
Res., 470K ohm, 1/2 W, 5%
Res., 2000 ohm, 20 W, 1%
Res., 30K ohm, 2W, 5%
Res., 68K ohm, 2W, 5%
Pot., 20K ohm, 1-1/2 W,
Clock Face

Res., 10K ohm, 2W, 5%
Res., 100 ohm, 1/2W, 5%
Res., 8200 chm, 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,Ch,C8
Cs, €9

C17, C10

C11, C12
C13, C14
C15

C16, C27, C29
Cl7, C18
C19, C22
€20, C21
C23

C24, C25
C26

C28

C30

(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 (00
500 0759 000
500 0878 000
508 0278 000

522 0240 000
508 0298 000
500 0831 000
500 0874 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 (321 000
494 0165 000
492 0322 000

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

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

Cap., 15 uF, 26V

Cap., .01 uF, 100V, Mylar
Cap., 250 pF, 5%, 500V
Cap., 330 pF, 5%, 100V
Cap.,.0luF, 100V, Mylar
Cap., 25 uF, 6 VDC
Cap., 100 uF, 12 VDC
Cap., 2 uF, 26V

Cap., 25 uF, 25 VDC
Cap., 50 uF, 26V

Cap., 20 uF, 50 V

Diode, Signal INS4AS
Rectifier IN2069

Receptacle

Choke 4.7 uH

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

Coil, Adj. 820 uH
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Symbol No.
IJ7

QL. Q2, Q3,
G4, O35, Q6

Q7
R1
R2
R3, R4

RS, R,
R7, R8

RY

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

R14,R21, R24,
R25. R45

Rlb, R22
R16, R23
R26, R27, R41

R28, R29,
R35, R43

R30, R32

R31
R33
R34
R36
R37
R38
R39
R42
Rd4

51

T1

TJ1
TJ2

XQ1, XQ2

XQ3, X4,
XG5, XQ6

STEREO GENERATOR -

C1,C37,C4b
C2
C3

C4, C8, C8
C10,Ci11, C12,
C13,C28, C38

Gates Part No.
492 0323 000

320 0042 000
380 C016 000
540 0055 000
540 0053 000
540 0035 000

540 0017 000

540 0092 000
240 0089 000
540 0097 000
540 0095 000
540 0065 000

540 0073 000

540 0049 000
540 0025 000
540 0085 000

540 0056 000
550 0007 (00

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

606 0421 000

478 09145 000

612 0312 000
612 0311 000

404 0066 000

404 (198 000

522 0322 000
520 0342 000
508 0291 000

506 0088 000

Description

Coil, Adj. 1540 uH

Transistor 2ZNGIT
Transistor 2N1539

Resistor, 1.8K ohm, 1 2W,
5%

Resistor, 1.5K ohm, 1/2W,
5%

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

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

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

Res., I0K ohm, 1/2W, 5%

Res., 1000 ohm, 1/2W, 5%
Res., 100 ohm, 1/2W, 5%
Res., 33K ohm, 1/2W, 5%

Res., 2000 ohm, 1/2 W, 5%

Min, Pot., 10K ohm, 1/2 W,
Linear Taper

Res.,8.8K ohm, 1/2 W, 5%
Res., 120K ohm, 1/2 W, 5%
Res., 5.1Kohm, 1/2W, 5%
Res., 1.1Kohm, 1/2W, 5%
Res.,6800ohm, 1/2 W, h%
Res., 5100hm, 1/2W, 5%
Res., 16K ohm, 1/2W, 5%
Res., 12K ohm, 1/2W, 5%
Res., 3.3Kohm, 1/2W, 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

Transistor Socket

Transipad for TO-5 Case
994-6533-001

Cap., 100 ut 50V
Cap., Var., 2-27 pi
Cap., .008 uF, 600V, 10%

Cap., .1 uF 200V

Symhol No.

Ch
C7
C9
C14

Cle, C23, C35,
(36, C39, C40,
C41,Cd4

Cl7, C18,
C19, C20
Cc21

C22

C24, C42, C43
C25

C27
C29, C30
C31
C32

CR1, CR2,
CR3, CR4

J7

L1, L5
L3, L
L4

Q1
Q2 thru Q16

R1

Rz, R10, R11,
R61, R72

R3, R58

R4, R30, R50,
R67, R70, R73,
R76

R5
R6
R7

R8, R13, R21,
R25, R28, R31,
R34, R54, R64

R9, R49, 66,
RG89, R71

R12, R75, R77
R14, R15

R16

R17

R18

R19, R86, R87
R20

R22, R29, R35,
R51, R&7

R23, R52,
R60, R62

Gates Part No.

500 0877 000
522 0251 000
500 0845 000
500 0879 000

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
516 0054 000

914 4201 001
G10 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 0976 00D

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 (795 000

540 0919 000

540 0905 000

Description

Cap., 100 pF, 500V, 5%
Cap., 5 uFF 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

Adj. R.F. Coil, .65-1.3uH

Transistor FET
Transistor, 2NG97

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., 620 ohm, 1/4W, 5%
Res., 8200 ohm, 1/4W, 5%

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

Res., 1000 obm, 1/4W, 5%

Res., 2200 ohm, 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., 2000 0hm, 1/4W, 5%

Res., 510 ohm, 1/4W, 5%
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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
RE5H
R68
R78
R79
R80
R81

Gates Part No.

550 0009 000
540 0924 000
550 0006 000
540 0944 000
552 0796 000
540 0895 000
562 0797 000
540 0235 000

548 0212 000

540 0864 000
540 0916 000
540 0897 000
540 0962 000
552 0802 000
550 0004 000
540 1008 000
552 0800 000
540 0209 000
540 0936 000

Description

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

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

Res., 9100 ohm, 1/4W, 5%

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

Res., 10 ohm, 1/4W. 3%
Res., 1500 0hm, 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 chm, 1W
Res., 7h0ohm, 1/4W, 5%
Res., 10K ohm, 1/4W, 5%

Symbol No.

R82, R83,
R84, R85

RT1
S1

T1
T2
T3
T4

Td1
TJ2

XQ1
XQ2 thru XQ16

XY1
Y1

Gates Part No.

548 0042 000

559 0006 000
604 0366 000

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

612 0312 000
612 0311 000

404 0197 000
404 (198 000

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 tune coarse frequency conbtrol 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 remain 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 turn will lower frequency. This is
contrary to what one might think, so don't let this confuse you.

The AFC vernier control is turned clockwise to raise frequency and

counter clockwise to 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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HARRIS

INTERTYPE

B coRrRPORATION

MAINTENANCE AND N_IOD.IFAIC.AT}ON DATA
Gates Radio Co., Quincy, lllinois

Equipment: Gates TE-1 DCFM Exciter Bulletin No. FM-038MWM
Date May 1L, 1969
Subject: 3 dB Isolation Network

A 3 dB pad is supplied with the Gates TE-1 exciter for isolation
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 isolation network is recommended to prevent
the possibility of such a failure. The present configuration of
the 3 dB isolation network is as follows:

"n'\ r-"S (‘:J\ anQ m ild € 7 /(-‘f — AN

e . 75

IN > é NN > 0UT
300
>
p—

75
-
75 p—

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 directl.
behind the TE-1 output connector.

The ﬁetwork should be modified as follows:

75
N . . | N, OUT
~ L T5 } ~
1200212009 120 12003 M < 6205 620
75
| A

|
- 75 -

All resistors are 2 watt, 5%.

improved quality through continuous research
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NTEMRTYPE

CORPORATION

_ MAINTENANCE AND MODIFICATION DATA
L Gates Radio Co., Quincy, Illinois

Gates TE-1 DCFM Exciter (M-6L425) Bulletin No. FM~-036MWM

Date April 24, 1969

Equipment:

SUBJECT: Service Tips on Frequency Adjustment of the TE-1

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 output frequency

of the modulated oscillator. Normally, 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
amount 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 unless 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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+3 KHz. Freguency errors within this range should be
corrected with the frequency 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 does not fall within this range, proceed
with Bection B.

B. Major Freguency Error

1.

2.

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

Adjust the coarse tuning control, located above Plug P-10
on the front panel of the moedulated oscillator, very
slightly. 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 slug can vary the
frequency several MHz.

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

the frequenecy is below center frequency (low), the coarse
tuning control should be turned counterclockwise. Clock-
vise adjustment of the coarse freguency control should
lower frequency and counterclockwise adjustment of this
centrel should incresase frequency. If not, see NOTE
following Step 5.

Turn the AFC function QOFF. For maximum stabllity, 1t is
desirable that the observed frequency fall somewhere on

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

to be on scale, repeat Step 3 with the AFC ON. It may be
necessary to repeat this step until the free~running
freguency 1is observed to bBbe 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 CN. Freguency should return to near
center scale as observed on the frequency monitor. The
AFC frequency vernier dial can now be readjusted for the
exact frequency desired.

NOTE: The DC correction voltage supplied to the modulated
oseillator is derived from mixer action in the AFC unit.
It is possible to loek 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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occcurs, further adjustment of the coarse freguency control
is required to determine whether the image frequency is
above or below fundamenital frequency. It then becomes
necessary to repeat the procedures outlined in this section.

C. Extreme Frequency Error

1.

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

Return the oscillator to within the bandpass of
the exciter RF amplifier by monitoring grid or
cathode corrent of the following stage. It may
be impossible to determine whether the oscillator
is above or below the desired operating frequency.
Therefore, rotation of the coarse tuning adjust=-
ment may be required in either direction. (An
alternate method would be to feed the execiter
output through a wattmeter (or other RF indicating
device) into a nominal 50 ohm load and adjust the
modulated oscillator coarse tuning coantrol for
maximum exciter RF output.) Output of the TE-1
must be terminated at all 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 transmitter power
output may 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 to
allow operation of the transmitter, the modulsation
monitor can be used to permit ccarse frequency
correction because of its 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 indication. This should return
the freguency 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. Freguency
deviation may be the result of component fallure, in wvhich case
the methods oubtlined in the M-6L25 instruction book, under the
heading 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 fundamenial
electronic information. Frequenily, 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 suggestion list. You will quickly note it applies to many types of installations,
the fundamentals for which are all basically 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 im a computation 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 volis and plate current was 550 MA, we have:

2500
.550

1375.000

The above means that 1375 watis 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

1000

= 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 af 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)iransmitter used with directional antenna, which
would reduce efficiency, (b) 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 ranges expressed, however, the insfallation could be considered satis -
factory and of course the higher the efficiency, the better.

3. COMPUTING POWER OUTPUT. 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 chms. The formula
IR is employed, I = The current reading of your antenna meter at the tower or the meter to the dummy
antenna. R = The resistance measurement of the tower or the dummy antenna. If the resistance measure
ment is 50 ohms and your antenna current was 4.5 amperes, then 12R develops this results 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 ohm
antenna.

4. CORRECTING LOW EFFICIENCY. Basically a broadcast transmitier by inherent design can not produce
low efficiency unless, of course, it is incorrectly tuned, or thé 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 o 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 volt meter and power
amplifier current meter to be sure they are accurate. In rare cases they are damaged in tfransit. This

checking can be done with another known meter such as a good quality 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 nothave 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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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 watts of error or loss was determined, which is nearly 5% of the

1000 watts desired power output. ---—— Most radic 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.

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

-— Improper tuning of antenna couplex.

--- Sianding 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 to the transmitter.

--- Incorrect resistance measurements to the tower.

— Improper neutralization where it is required.

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

6. TUNING ANTENNA COUPLER. Your consultant will be of invaluable assistance in tuning up your antenna
coupler correctly with 2 radio 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 raust be followed, The desired result, of course, is the greatest antenna current without in-
creasing the power input to the iransmitter to obtain this increased antenna current,

7. 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 transmitter and the antenna. High standing waves may also be
caused by a poor or no ground to the outer 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 all instances the outer shield of the trans -
mission line must be grounded securely.

8. IMPROPER GROUND. In an AM {ransmitter 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 anterna and the ground
can be likened to the two wires of an electric light circuit. One 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 transmitter, 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. -

9. INCORRECT TOWER MEASUREMENTS. Your consulting engineex is provided with expensive and accurate
measuring equipment for tower resistance measurements. His measurements will be accurate. It 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 transmitter
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 measuring instruments falling out of his car unbeknownst to him and upsetting the calibration
of his equipment.

10, FUSE BLOWING. It seldom happens if.the fuses are of adequate size. If it does happen, the first thing is
10 determine 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 foolers as io power consumption.

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

If your transmitter has mercury vapor rectifiers, 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 desiroy a filter reactor or power trans-
former. You can correct this condition by keeping adequate heat in the
trans mitter 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 them. 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 seriocus 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 to 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.

1l. UNEXPLAINED OUTAGES. 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 bution brings the query, **What caused that? "’

iIf 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 transmitter 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 circuit in a
transmission line only reacts at the transmitter. A faulty 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 into a dummy antenna,
then you must look elsewhere for the problem. It is always well to remember that the transmission line
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.

12. STEP BY STEP TROUBLE -SHOOTING. Never trouble-shoot on the basis of ‘‘it might be this or that''.
Instead, start from the beginning, If the transmitier was satisfactory on the dummy antenna, then the
question becomes “*Where is the trouble?’’ If a transmission line connects the transmitter to 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 audio stage to the final audio stage.
Other outage conditions not affecting the transmitier 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 is 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
diri. This causes an arc to ground under high modulation,

A crack in the fower 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 lighining. 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 towexrs. The best method is to try and make
the feed line to the tower equal the impedance of the transmission line, Talk
to your comnsultant 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:

(FALL OUT) The transmitter turns off at high modulation. Possibly the
overload relay is set too sensitive. The transmitter may not be properly
neutralized where neutralization is required.

{HARD TO MODULATE) Cause. can be either improper impedance match
between transmitter and the transmission line or low grid drive to the final
power amplifier, Consult the instruction book for correct grid drive. The
correct match of the transmitter 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 transmitter is exiremely important. If they are too small, bad regula-
tion will exist. In some instances the power line has bad regulation teo. This

C
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Tube checking, Check tubes at least monthly and it is just as easy to

do it each week during the periodic maintenance program. Ceriain tubes
will become gaseous if left on the spare tube shelf too long. This type of
tube should be rotated inio 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 transmitter has blowers, o0il 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 rmust at all times be sparkling clean or what is know as ship-
shape.

17. ADEQUATE TEST EQUIPMENT. To have a 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 nol spending money. As a minimum, you should have this equipment:

Dummy antenna (frequently supplied in Gates transmitters).

Proof of performance equipment, which includes an audio oscillator,
distortion meter, gain set, and RF pickup coil or rectifier,known as
the Gates 5A 131 proof of performance package.

A good grade of voltohmmeter.
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 ugually 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 technical people recognize that sometimes the biggest
problemn 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. It 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 possible 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. Gates nighttime service can be obtained by calling Area
Code 217, 222-8202,

GATES RADIO COMPANY
Subsidiary of Harris -Intertype Corporation

Quincy, [1linois, U.5 A,
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