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SPECIFIC..TIONS FOR FM-20B

Power Output:
Frequency Range:

R.F. Output Inmpedance:
Output Fitting:

Type of Oscillator:
Frequency Stability:

Type of 1Modulation:

Modulation Capabilities:

audio Input Inpedance:

Audio Input Level:

Frequency Response:

Distortion at 100% Modulation:

Noise:

Harnonic attenuation:

Power Input:

6/22/61

20 KW

88 - 108 Mcs.

50.0 ohms

3-1/8" EIa Flange

Direct crystal controlled
+ 0.001%

Phase Shift ceaploying pulse
techniques.

+100 KC (+75 KC considered 100%
1lodulation)

600 ohmns

For 100% modulotion - +10 dbn,
+2 db.

Within 1 db of standard 75
microsecond pre-emphasis curve,
or flat #1 db, 50 to 15,000
cycles, whichever is desired
(specified).

1% or less - 50 to 100 cps.

0.5% or less - 100 to 10 KC

1% or less - 10KC - 15 KC

65 db below 100% nodulation (FM)

50 db below equivalent 100%
(AM) modulation.

At least 80 db (ratio of any
single harnmonic to carrier).

115 V., 50/60 Sps, 1 phase,
500W. denand.

230 V., 50/60 cps, 1 phase
grounded and neutral 5KVA
denand

230 V., 50/60 cps, 3 phase

35 KW consunption at 20KwW level
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Tube Conpleiient:

6 - 6iU6 2 - 4-400A
1 - 12.X7 1 - 6360
3 - 6J6 1 - 6A45
2 - 042 1 - 6080
2 - 6146 2 - 4CX10,000D
1 - 7025 3 - 6201
Silicon Rectifier Complenent:
2 - S5019
2 - 66-3%3206
16 - 1N2071
152 - 50KN7
Maxinun .ltitude: 7500 feet
Maxinun .aabient: 4500
Sige: Width - 84" (lcss end bells)
87" (with end bclls)
Depth - 36-1/2"
Height - 78"
Weight: 2600 1bs. (approx.) net.

3200 1bs. (approx.) packed.
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FM-20B FM TR.ANSMITTER
DISCRIPTION

Three cabinets are required to house the entire Transuitter. The
dimensions are given on the Specificqtion Sheet. The loft cabi-
net houses two Intermediate Power amplifiers, Control Panel, Ex-
citer and the 3,000 volt Power Supply.

The center cabinet houses the amplifier, a pair of 4CX10,000D
power tetrodes, the blower and blower controls, the Fower Ampli-
fier filament transformer, and the motor driven variable trans-—
former for the driver plate transformer.

The right cabinet houses the control panel, the 6500 volt plate
supply, the 1500 volt screen supply, and the bias supply for the
20KW Amplifier. This cabinet houses all the relay equipment
for starting and stopping the aaplifier, and all overload and
protection equipment that pertains to the Power Amplifier,

The M6095 Exciter, used in this Transmitter, employs a phase
shift modulator using pulse timing techniques and may be adapted
to single or dual channel Multiplexing on a plug-in basis, with
blank panel space provided for the addition of the Multiplex unit.

Approximately 4 watts are required from the Exciter to drive the
first Intermediate Power Amplifier, which is a pair of 6l46's,
which in turn drives a pair of 4-4004's to a kilowatt output.
These in turn drive a pair of 4CX10,000D's to a nominal 20KW
output. From Exciter output to transmission line at 20,000 watts
there are only three radio frequency stages. An important feature
of this Transmitter is the lack of frequency multiplication,

after the Exciter. This helps to eliminate spurious frequencies
and improve tube life.

The driver, a nominal 1KW unit, uses a pair of 4-4004 power
tetrodes. The plate circuit consists of a 1/4 wave length
shorted distributed open transmission line. The plate circuit

is tuned by adjusting a grounded vane which changes the induc-
tance of the plate circuit distributed lines, and thus the reson-
ant frequency of the plate circuit. The output of the driver

is coupled into the transmission line by means of an inductively
coupled loop. Less than 400 watts is usually required from the
driver for a 20KW output from tue final Amplifier.
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The final amplifier cmploys a pair of 4CX10,000D power tetrodes,
in a push-pull grounded cathode type circuit. These tubes are
conservatively rated at the 20KW output level. The plate circuit
consisted of a distributed shorted 1/4 wavelength line. This
line is tuned by pivoting a shorting bar at one e¢nd to chnange

the electrical length of the line.

The output circuit consists of an inductively coupled balun
which is rigidly mounted in the amplifier enclosure and is at
d.c. ground at all points. The output loading is adjusted by
means of a vacuum capacitor across the output balun.

The tube socket is of a special design for VHF frequencies. The
RF by-passing for filaments and screens is built into the sockect.

At the output of the amplifier there is the micro-match unit,
which is used to mcter the r.f. power of the transmitter and to
indicate the standing wave ratio of tne transmission line.

This output is connected directly to a low pass filter that sub-
stantially eliminates the second and higher order harmonics. The
filter is 6-1/8" transmission line with distributed filtering
elements inside. The output of the filter is fitted for a 3-1/8"
E.I... flange. The filter is supplied as part of the transmitter
and is tuned to the customers frequency at the factory.

All power supplics in the FlM-2@Bus. silicon rectifiers. 4ll vol-
tage supplies in the smplifier are scparatc and adjusted and op-
eratcd independently for optimum amplifier operation.

All power supplies are protected by primary circuit oreakers or
fuses and the secondary of each power supply is protected by d.c.
rclays in the secondary return.

The high voltage plate supply is a 3 phase¢, full wave bridgce con-—
figuration with a choke¢ input. This supply is rated at 6500 V.
d.c. at 5 amps. For preliminary testing this supply can bc '
switched to about 3200 volts.

The screen and grid bias supplics for the Amplifier are single
phase full-wave bri 'Zc configurations. The screen supply is
rated at 1500 volts at 500 ma. Both of these supplies can be
adjusted from the front panel of the power cabinet.

The driver plnate supply is a single phase full-wave type of de-
sign with a double section choke input type of filtering,

This supply is variable by means of a motor driven variable pri-
mary transformer and is controlled from the front panel of the
P... power cabinct. This supply is capable of about 3000 volts
at 500 ma. The 20K+ Power Amplifier and t.e Intermediate Power
Amplifier are totally enclosed, both tubes and components, in

a non-ferrous type housing. Air fron individual blowers cool
both tubes and parts.
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The P.A. tubes are air cooled by pressurizing the area bclow the
anode and leaving a space above thne anode to the ambient air
pressure of the room. 4 blower mounted in the base of the anmp-
lifier cabinct is capable of supplying enough air forooperation
up to 7500 fec¢t, and ambient air temperature up to 45°C and 50
cycle operation. Air enters the cabinet through a filter at the
back of the cabinet and is then blown past the grid scal, screen
scal and out through the radiating fins of the anodes and is
exhausted through the top of the amplifier cabinet. Complete
air cooling of all parts of the tubes and components associated
with the power amplifier is accomplished in this m nner. It
will be noticed that the blower is ducted directly through the
back of the cabinet =and all air intake for cooling the final
tubes is taken through a filter, so that all air cooling the fi-
nal amplifier cabinet is fresh filtered air. a4 disposablc type
filter is used. In case¢ the disconnect box supplying power to
the transmitter would open, therc is cnough inertia in the blow-
er itself to cool thi tubs down to a safe valuc, and there is no
necd to worry about heat rising withian the tube, thus cgusing
overheating of any of the tube seals. Of course, standard prac-
tice would be to shut down the blower with the off delay relay
and let it run for approximately three ninutes after the trans-
nitter, itself, is shut down.

Metering of all important stages is accomplishcd with mceters
located on the sloping panels at tac top of the two end cabinets.
Metering of the r... consists of filament voltmeter, and a
switched multincter for total grid current and individual screen
currents,a switched total and individual pluate current metcer,

a nlate voltmeter, =2nd a switched power output ond VsS.R neter.

Also located on the front »nancl of the power cabinet are meters
for screen voltage and grid bias voltage.

Similar aeters are on tihe driver cabinct to determine driver
operation.

The control pancl for the driver portion of the FM-2MBis located
in the first cabinet. This panel consists of the off-on switches
for the linc¢, and the off-on switch for tae drivaer plate wltage,
and various 1ndicator lights, the "local-re:ote"switch, 4nd the
"tuno-oper te" switch..© The control phnel for the power cippli-
fier is in the right ¢ binet 2ni consists :of the "off-on" ° ,
switch for the power amplifier plate supply, a2 switch far flla-
acent voltages, a switch for grid and screcn carrents,-2f switeh -
for plate currents and the various lights indjicating the oyerqtion
of the awuplifier.

All over current and under curreat relays in the FM-20BTrans-
aitter are tclephone type relays. The plate overload of tue
driver and the plote and screen overload of the amplifier along
with the grid over drive relay in the amplifier control circuit
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are in a "locked out" type of circuit and after experiencing an
overload these overload relays must be reset before plate vol-
tage can again be applied.

Mechanically, the FM-2(Bhas been designed to be easily main-
tained. Ready gccessibility to all parts is accomplished by
1ift off type doors. The sides for both cabinets may be easily
renoved by removing two screws from the holding bracket at the
bottom of the side panels and the side pancls lifted off.

The use of drop down front panels in the amplifier and P.i.
power cabinet also increase the accessibility of conmponents
mounted on the bottom of the cabincts froa the front of the
transmitter.

another feature is a swing-out panel in the P.a. power cabinet.
By removing the end bell, the swing-out panel is free to open.
In doing this, maintenance from the side is also possible.

The control pancl located in the power cabinet is also hinged
and is freec to drop down. This complctely exposes all metering
circuits, overload relays, and switches so that it is possible
to service from the front.

The mcter panel for both the driver and the power amplifier are
hinged and nay be lifted up by first looscning the fastcner one-
quarter turn using a screwdriver or coin, and then lifting the
mcter panel up. This will give access to meter terminals and
wiring of the Reflectometer or Micro-match switching section.
The control circuit of the 20KW .Amplifier is dependent on the
control circuitry of lkw driver., If for any reason the 20KW
becomes inoperative, the driver can be connected to the trans-
mission line and operated independently of the 20KW Amplifier,

INSTALLATION

In advance of actual placement and adjustment of the transmitter,
certain prelininary planning should be done. The use of the
floor plan drawing will assist in locating the power and audio
inputs and powcr output of the transmittcer. Power audio leads
for the transmitter may be brought in through a trench provided
under the transmitter if a concrcte floor is used. I1f this is
impossible a fremework of 2 x 4's or 4 x 4's may be made to set
tie transmitter on.

Leads from 2 low reactance power sources of 240 volts, 50/60
cycles, 3 phasc with a 60 KVi capacity, also 230 volts, 50/60
cycle, single phase grounded neutral with a 5KVa capacity, and
115 volts, 50/60 cycles with a 500 watt capacity should be placed
underneath the proposed transmitter location or platforu.,

These wires should be in agreement with local electrical codes
and which would be practical to carry the current of the trans-
nitter.
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Running of the power leads inside a steel conduit is highly
recommended to obtain both audio and radio frequency shielding
near the transmitter.

To assist in keeping RF currents in necarby audio equipmeunt to

a minimum, a good ground at thesc frequencies is mandatory.

One of the best known mcéthods of doing this is the installation
of a sheet of copper or a ground system bencath the complete
transmitter layout. RF usually shows up in onec of two ways,
feedback or high noisc, or both. It should be pointed out that
even a small anount of unshielded wire makes a very efficicnt
antenna at FM frcqucencics, for transferring RF to the grids where
it is rectified and passcd on as noisc and fecdback. It is
prcferable to have a single common ground point from the trans-
mitter coppcr shield to a good ground.

Since heat is developed in the tramsmicter, it will be nccessary
to provide a means of c¢xhausting air expelled through the top
outlets of the unit to the outside. An air duct leading to the
outside should bc provided, and provisions made for utilizing
this hcat in the winter if desired. There are scveral kilo-
watts of heat dissipated, and if allowed to recirculate back
through the transmitter, the forcced air couling will bocoie very
inefficient and can causc danage to tubes wnd other coizponents.
The duct work where the transaitter is used should not intro-
duce any back pressure.

UN2ACKING .ND RiaDYING FOR OPSRATION

The FM-2(Bis carc¢fully checked and packed at the Gates plant to
assure its safe arrival at its destination in proper mechanical
and clectrical condition.

Tests of many different kinds are made at the factory, and the
unit is operated for several hours on the custoamer's operating
frequency to assure correct adjustiaent of proper opcrating con-
ditions.

Innediately after the FM-20Bhas becen received and unpacked it
should be carefully checked for néchanical damage. If danage
is noticed in any section of the equipment a claim should be
filed immediately with the delivery transportation company and
the necessary rcplocement parts ordered from the Gates Radio
Company.

It is good precsutionary practice to completely go over the
equipment to check for loose connections, loose components,
broken insulators, etc., that might have bucome. looseneéd or
damaged in shipnicnt. Meke sure all relay contacts are free and
in good mc¢chanical operavion. Make sure all mcechpnical connec-
tions are tight, The power contactors are either tied down or
blocked sufficicently to keeo Them from vibrating during ship-
ment. Thesc should be checked and the shipping material re-
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noved. 4 good overall visual inspection may $ave nuch tine
later in actual trouble getting the transmitter to operate
correctly.

Certain parts of the transmitter were removed for shipnent and
are packed separately to insure safe handling. These parts on
the FM-2Bhive been kept to a minimum, and are mainly plug-in
units, relay covcers and heavy components. The tubes that are
not clamped in for normal operation are also removed. Refer-
ence to the packing check list included in this book will list
the items renoved for shipment. As the componcents are removed,
the wires connecting cach componcnt are numbered, or tagged,
for replaccment of thesc parts. fPhotographs are supplied to
assist in the proper placement and oricentation of thesc com-
ponents that have been removed for shipment.

As the threc cubicles of the transmitter are unpacked, and
heavy transformers, chokes, ctc. are unpacked, it will be noted
that the conponents and wires that werc connected to them have
becn marked. The high voltage plate transformer and heavy con-
ponents in the right cabinet, that have been removed for ship-
ment, should bc installed in the cabinet before the first and
second cabinets are finally bolted together for final installa-
tion. The heavy components in the driver cabinet, that have
been removed for shipmecnt, should be re-installed in theilr pro-
per pl-ce¢ before the first and second cabinets arc bolted to-
gether. It will be noted that all inner cabinet wiring has
been terminatcd on terminal boards which are directly opposite
the adjoining cable. All that is nscessary to connect the
cabinets together is to connect the cable to the matching ter-
minals on the terninal boards. The terminal board drawings
which are included in the ins ruction book shoald be refered

to in order to eliminate the possibility of crrors in conncct-
ing the cubicles.

Particular attention should be noted of tihe wires that are con-
neceted to TB803, the main line input ter.inal board. If these
wires are not conn.cted in the proper phase relation tae blower
will run backwards. ‘On first turning the transmi.ter on, this
should be notcd. If the blower r.ns backwards from the dircc-
tion indicated on the blower housing, reversing any two wircs
will reverse the phasc and causce the blower to run in the right
direction. It should be well to note her. that this blowcr,
running in a backward direction will not supply sufficient air
for cooling the amplifier tube, ncither will there be sufficient
air to closc the air switch. Therefore, it will be impossible
to eénergize the filnment transformer for the amplifier fila-
acnts if the blower is running backwards.
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THEORY OF OPERATION

When the low voltage "On" button, S502, is pressed on the 1KW
control pancl, contactor, K501, is energized. When K501 is
energized, linc voltage is applied to the cabinet fan, blower,
primary to all filament transformcrs, the low voltage powcr
supplies and the exciter power supply in the left cabinct.

With the energizing of K501, K804 in the amplifier control cab-
inet is also encrgized. With the energizing of K804, the pri-
mary circuit is complete to K602, which is the blower off de-
lay relay. also, when K602 energizcs, K601, which is the
blower starting relay, will also energige. With thc energizing
of K601 the blower will start. 4s the blower comes up to
speed, 5605, which is the air switch, will close. With the
closing of the air switch, the auxiliary filamunt contactor
K806 will then clos. and complete the primary circuit to the
P.a. filament transformer.

at this time all low voltage supplies, fan, blowers and tube
filaments should be opcrating. This will bc indicated by the
lights on the control panels of the driver and thc power anp-
lifier.

If all of these lights arc not on, high voltage to the driver
or the amplifier can not be applied.

This condition will occur if these conditions are satisficed:

1. 4All door interlocks closecd.

2. Grounding hooks in place.

3, Both air switches closed.

4, Voltage applicd to the filament transforaers.

5, Grid bias developed in the driver.

6. Sufficicent fixed bias developed by the P.a. supply.
Because of the nature of this control circuitry, all functions
in the driver aust be complete before sny indications occur on
the P.a. control panecl.

With the closing of S506 thc¢ high voltage 'on" button on the 1KW
control pancl, K503 is cncrgized and both plate and screen vol-
tages are applied to the driver. With the pressing of S704,

the high voltage "on" button on the power amplifier control

panel, K805 is encrgized and plate voltage is applied to the
power anplificr.
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Voltage is then applied to CR801. This voltagc is rcetificd
and operates a slow-operate rclay K802. This relay then closes
and cnergizes an auxiliary relay K80l. when this occurs the
nain contrctor, K808, coil circuit is com>leted and full line
voltage is appiicd to the plate transformer, T801.

at the same time K801 completes the circuit to T802 and screen
voltage is applied to the apmplifier,., This step~-start tech-
nique eliminntes much of the transicnts which occur on start-
ing.

5801, which is the high-low switch, switchces the input to the

filter from the output scction of the rectifiers to the center
tap of the¢ plate transformer, tuus giving half voltagc output

which is uscful in initial tune-up and primary checking of the
transmicter.

A micro-match is used as an indicating or sampling device for
the RF output and is also used to indicate the match to the
transmission line and the antenna. The Micro-match in the
driver and the Micro-match in thc amplifier are the semc in
their operation, the only diffcrence being the power handling
capabilities. The Micro-match unit in the 20KW output is modi-
fiecd to the oxtent of placing a sampling loop in the output
end, and this loop can be used for monitoring. It is also uscd
for remote outout metering for remote control operation.

Since the power contactors are non-circuit breaker type and re-
quire a momentary "on" and a momentary "off" type of function
to ¢nergize them, the transmitter is casily remote controll.d.

To facilitatc casier remote control application the off-on
functions of the transmitter heve been brought out to terminal
boards.

To Multiplox the Gatus FM-20Bis relatively a simple mattcr.

The main channc¢l Zxciter in the driver side was specifically
designed with Multiplex in mind. Space has bcen provided direct-
ly below the #xciter for the placing of the Multiplex unit. 4
nininum amount of conncctions are necessery to connget this unis
to the main chaancl cxciter, Conncctions nccessary -re the

coax connectors to the Multiplex exciter in the Multiploux choin.
This is done¢ on the front panel of tze two units. Other conn-
cctions nccessary are power frowm 115 volts source. This can

be taken off of 115 volt terminals of thc main channcl exciter
and thc connecting of the audio tc the terminal board on the
Multiplex unit cempl.tes thc necessary wiring. The Multiplex
unit is capable of handling g0 sub-channcls and, thercfore,
there are two cudio input terminal arrangements available on

the terainal board of the Multiplex unit,.
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INITIAL OPURATING sND TUNE UP PROCEDURE

Before attempting to tune up the transmicter, make sure it is
connected to the transmission line and antenna that will pre-
sent a load of a nominal 50 ohms, or a non-reactive dumny load
with the proper power handling capability. At this time, re-
ference should be made to the Factory Tecst Data Sheets and all
controls and adjustments set to the readings given. Before
actual tune-up begins, the tube data sheets included in this
instruction book should be carefully studied and compared with
the factory test sheet. In general these ratings are maxinmums
and should not be c¢xceeded under normal opcrating conditions.
Inserting 4CX10,000D into sockets:

Pick up tubes by handles.

. Carefully align the tube so that it is directly over the
plate line contact ring.

Carefully contact the anode radiator with the plate
contact ring.

Continue lowering the tube into the socket.

. When the tube has made contact with the filament con-
tact rings, a gently downward thrust will set the tube
in plece.

When the tubes have seated, the tube should be rocked
slightly to insure that all contact surfaces have mated.

UE W o

o0

DO NOT AT ANY TIMG twist the tube into the socket.

Before applying any high voltage it is recommended that an
onmmeter check be made of all power supplies to sce that they
have not become grounde¢d by accident. The supplies will read
about 100,000 ohms once the filter capacitors have charged.

After the installation is complete, all input and output cables
have been connected and the crystal operating for a couple of
hours or more, primary power may now be applied. Before apply-
ing primary power, the switches on the driver control panel
should be in the following position. 8518, which is a local-
remote switch, should be in the local position. The tune-opcr-
ate switch, S519, which is used in conjunction with the auto-
matic recycle unit should be in the tune position. Next,

press the low voltage "on" button on the driver control panel.
This applies all primary power to the complete transmitter. At
this timc¢ it is well to check the rotation of the main blower
in the #2 cabinet to make sure the blower is running in the
right direction.

As previously mcntioned, if the blower is running backwards
change any two of the three phasv wires on TB803 to change
rotation of the blowcr to the right direct:on.

Check P.A., filament voltage and adjust filament voltage with
powerstat, 7803, to recad 7.5 volts as read on the filament
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voltmeter of the amplifier, M801. Next, place switch, 8801,
which is the high voltage-low voltage switch of the amplifier

in the low voltage position. Next, reduce the driver plate vol-
tage by depressing button marked "lower" on the amplifier power
cabinet control panel.

This powerstat will be set to nearly maximum on receipt from the
factory. It requires approximately 15 scconds for the motor
driving the powerstat to take the powerstat from full maximum

to minimum. Depress button marked "lower" for approximately

15 seconds, or until "Low "Limit" light operates. The powcr-
stat should then be at minimum. Then depress the "Raise"

button for approximately 4 scconds. This should give 600 to

700 volts on the driver as read on the driver plate voltmeter,
when the driver high voltage switch, S506, is depressed.

Provision is made on the first IPA driver stage for metering
the grid bias voltage of the IPA driver by mecans of a test
point on the panel. 4 meter such as a Simpson Model 260, or
equivalent, may be used. With negative mcter lead plugged
into this test point and the positive lead on ground, a rise
in grid voltage will be observed as the Exciter comes up to
operating temperature. This is a good check on the exciter
operation.

Place the switch, S512, which is a test meter switch located

on the bottom center of the driving amplifier panel, in the
grid position or extreme counterclockwise. If the exciter and
IP4 are functioning properly, about 20 ma, of driver grid curr-
ent will be indicated. If this is not the case a bit of trim-
ning of the previous tuned circuits will be nccessary. When
this has been achicved initial tuning can proceed.

When originally chccking the driver portion of the FM-20Bcarc
must be exercised in keeping the driver plate voltage to a low
setting. High plate voltage on the driver will result in cx—
cessive screen current due to rectified grid voltage on the
amplifier.

Press the high voltage "ON" button, on the driver control pa-
nel, and immcdiately check the plate voltagc on the driver. Ad-
just as nccessary for 700 to 800 volts of plate voltage on the
driver. Incrcase the plate voltage on the driver to about
1,000 volts and check driver plate resonance with control
marked "plate tuning." At this time P.s. grid current will

be indicated. Therc should be about 50 Ma. depending on how
much drivc is applied and how much fixed bias is being used.

It may be necessary at this point to reduce the fixed bias to
about 200 volts. The grid tuning control to this time may need
to be trimmed for maximum grid current.

Before pressing high voltage "ON" button on thc amplifier con-
trol panel, rcduce the amplifier screen voltage, as controlled
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by powerstat, T804. Press high voltage "ON" button on the
amplifier control panel. Reduce screcn voltage to approximate-
ly 400 volts. It is best at this point to set the screen

grid cirrent switch, 8702, which is located on the amplifier
control panecl to the screen current position and monitor screcn
current as the transmitter is progressively tuned.

Increasc the driver plate voltage in steps to approximately
2,000 volts. This should give approximately 6 kilowatts out-
put on the amplifier. Check tuning of thc final amplifier with
the control marked "Plate tuning". It will be noted that waen
tuning the amplifier plate circuit, thc best indication will

be obtaincd by watching the output mcter, as the amplifier is
guite heavily loadcd and plate current dip is slight. This 1is
in accordance with operating characteristics of tetrodes.

They should be operated in a hcavily loaded circuit.

It will bc noted that the output loading or output coupling
control has a grcat offect on the power output. This control
should bc adjusted at a point where maximum power and minimum
sereen current occur simultancously. This will not be the point
where a possible mininum screen current could occur.

This control should be trimmed for m,ximum power output evcery
time the amplifier opcrating characteristics are changed on
initial tuning.

It is well to note herc that the tuning of an FIM Transmiciter

in the frequency range of 88 to 108 mcs offers greater diffie-
culty in regard to tuning various circuits than is nornally
encountered on the lower AM frequencies. This results in great-
er rcaction between various circuits caused by small inductance
and capacitive reactances that can be normally ignored at lower
frequencics, but which can become increasingly inportant at
these high frequencies. Therefore, when tuning a high fre-
quency transmitter it is well to constantly recheck the pre-
vious adjustment as tuning progresscs.

If all of the above conditions exist and all secms normal you
are recady to go to full plate voltage on the amplifier with full
powcr output.

First, turn the driver plate voltage off and the amplifier
plate voltage off. Next, place the 6500/3000 volt switch to
the 6500 volt position, then turn the amplifier plate voltage
on and the driver place voltage on. Increase the amplifier
screen voltage to about 800 volts. Increase driver plate
voltage to the amount required to obtain 20KW output. 2 slig'g
anount of retuning may be necessary on the grid of the ampli-
fier to obtain maxinum grid current in conjunction with mini-
mum VSWR between stages. The plate tuning of the amplifier
pnay also have to be adjusted slightly for mininmul plate cur-

i
-
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rent in conjunction with 20KW of output power. again, check
the driver plate circuit for resonance by adjusting control on
the driver panel iarked "plate tuning".

At this tine a check of the match between the driver and the
anplifier grid should be made. The grid tuning control C618
and €619 should be adjusted for maximun grid current aad the
grid loading control C620 adjusted so that naxiinun grid cur-
rent and aininun VSWR occur siuultancously. A VGWR of 1.1-1.4
is nornal.

The transuitter should now be operating normally.

Each installation has different conditions where the Trans-
aitter works best because of trans.iission line and antenna
characteristics. a careful triuning of the amplifier should
be made. These are the conditions which should be strived to
achieve:

l. Mininum drive to the driver and amplifier grid
for a given output power.

2. Plate circuits tuned to resonance, (Tetrodes which
are heavily loaded, a plate current dip is very
slight).

3. Plate and screen dissip:tion at a minimun for a given
power output.

4, Operation of amplifier with as auch fixed bias as
necessary without reducing the power output or ex-
cessive drive requirenents for a given operating
point.

5. Output loading control trimuaed for maxinum loading
conditions.

©. Mininun VSWR between driver and anplifier.

If a reduction in power output is desired this can be done by
lowering the screen voltage and reducing the drive. The anp-
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1ifier should then be reloaded for this new operating point.
Under no conditions should the power output of the amplificr
be reduced by unloading the apnplifier.

NAUTRALIZATION

DRIVER

The driver has been properly ncutralized at the factory on the
customer's frequency. Due to rough handling during shipment
neutralization may be affected. Impropcer neutralization is
indicated by several abnormal conditions showing up in the
operation as follows.

1. When the _Jrid current does not risc¢ to maxinun
with a dip in plate current as the amplificr plate
tank is tuned to resonance.

2., 1f excitation is removed from the amplif'ier and
the P.a. grid relay does not open. This indicates
oscillation in the power amplifier. This self
oscillation produces grid current which holds the
relay, K506, closcd; thus, keeping the plate volt-
age applicd allowing the amnplifier to continue -
in self oscillation.

3, If the balance control, R504 and R505, do:not
snublce tube plate curvents to maintain a balance
within 10%.

4, A radical change in grid current from the value given
on the Factory Test Data Sheet.

The ncutralizing controls for the driver have

been brought out to the front panel of the driver
to a special machined bushing. In the center of
this spccial bushing is a shaft for the machined
screwdriver slot. It will be noted that on both
the special bushing and the internal screwdriver
shaft there are two black dots. Thesec two dots

are aligned in a vertical position and the neutra-
lizing capacitors arc of maximum capacity. It will
also be noted that on this special machined bushing
1s a red dot, which will appear directly opposite
the black dot on the moveable portion of the shaft.
This red dot on the special machined bushing
indicates the location of the neutralizing capaci-
tors as they were set at the factory. These marks
will scrve as a good starting placc if complete
re-ncutralizetion is nccessary. These ncutrali-
zing capacitors arc locked in place with a lock-
nut on the recar of the capacitor shaft.

If any of the aforementioned conditions are observed when the

unit is first placcd in operation, this indicates that reneu-
tralization is in order. This is accomplished as follows:
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1. Remove the bottom cover from the P.i. tank.

2. Loosen the locking nuts on the rear of the
neutralizing capacitors slightly, so the shaft
will turn free with a slight drag on the shaft.

3. Remove ons of the plate caps from the high voltage
rectifier. .

4. Replace the bottom cover on the amplifier tank.

5. Apply low plate voltage and adjust either C303
or C308 in one¢ direction and again check for
neutralization.

6. If inmprovement results, adjust the other capacitors
the same amount in the same dircction and a_ain
recheck for neutralization.

7. Continue this procedure step by step rotating
capacitor C303 and C308 in the direction that indi-
catcs proper ncutralization.

8. Replace cap on high voltage rectifier for normal
operation and recheck neutralization.

9. Remove the bottonm cover of the anplificr tank and
retighten the locking nuts on the rear of the
neutralizing capacitors, being careful not to
move the adjustment when these locknuts are
retightened.

AMPLIFIER

The amplifier also must be neutralized for proper operation.
Inproper neutralization is indicated by possiblc: self-oscilla-
tion and great fluctuations of grid current as the plate tuniag
and loading controls are adjusted through plate resonance.

To eliminate this condition:

1. Remove amplifier tubes from their sockets.

2. Loos¢n hardware securing neutralizing capacitor
plates C624 and C625, and move capacitor plates
sinultaneously either toward the tube or away from
the tube.

. Secure hardware, install tube, and turn on driver
but do not apply plate voltage.

« Tune grid circuit to resonance.

- Tune plate circuit through resonance and watch
for abnormal reflections into the grid circuit.

. Repeat the previous 5 steps until minimum inter-
action and grid current fluctuations occur.

Another possible method of neutralizing is to couple a sensi-
tive R.F. metering device into the Amplifier Transmission line
output. This can be donc¢ in the following Btcps:

l. Couple the RF device into the transmission line.

2. Turn on the low voltage filaments and apply grid drive
but do not apply platc voltage.
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Tun: plate to resonance for ma.Ximum me¢ter indication.
Tunc grid to resonance.

Adjust neutralizing capacitors for a minimum fceed-
thru of R.F. power,

U FWw

AUTOMATIC RACYCLE OPERATION

With the transmitter operating properly, all that is nccessary
to place the transmitter in automatic recycle operation is to
place the "tune operate" switch in the "operate" position.
This places thc recycle unit into the transmitter's control
circuit.

The rccycle unit is described in a separatc series of instruc-
tions which is a part of this instruction book. The follow-
ing will take a typical transmitter malfunction and trace its
operations:

1. The P.A. amplifier plate circuit experiences an overload.
Relay K708 cncrgizes and locks closed. At the same tine
the plate overload indicator light will be extinguished.

2. The primary auxiliary overload relay, K3 in the recycle
unit, is cenergizcd by the contacts of K708 closing, which
perform threc functions.

a. It breaks the 240 volts a.c. circuits to the high
voltage contactors, K503 and K805 in the driver
~nd power amplifier control circuit.

b. It applics 117 volts a.c. to the time delay relay,
K4, in the recycle unit.

c. It also applies 120 volt d.c. to Rl in the recycle
unit, which starts the recycle sequcence.

e After an elapsed tinc of approximately 3 seconds, relay
K3 again opens. The overload relay which was previously
lockecd down and K708 also opens and rclay K2 closcs,
which in turn c¢nergizes the high voltage contactor coils.
If the overload is still present the same seqguence of
operation will be again performed. This will happen a
total of three consccutive times, after which the trans-
nitter will remain off until it is reset and the over-
load cleared.

With the "tune-opcrate" switch in the "operate" position, the
following is the scquence of operation.

With the application of platc voltage on the driver, drive is
applicd to thce amplifier.

With the application of drive to amplificr, K702, the grid
under drive relay is cnergized. With the cnergizing of K702
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onc set of contacts in this relay complecte the coil circuit to
K703, an auxiliary relay. When this relay closes, its contacts
complete the coil circuit to K805, which is the HV contactor.
K805 closcs 2and completes the primary circuit to the HV plate
transformer; thereby, applying voltage to the amplifier.

Gi.. ORATL INFORMATIUN

There are some facts about the driver which should be known
and remembered that will help in operation of taue equipnent
and contribute to better operating results.

1. Tuning of the plate circuit changes t e effective electri-
cal lungth of thc plate tank. Increasing the spacing bo-
tween the tuning vane and the plabce tank line lengthens
the effective length of the plate line and lowers the fre-
quency. Conversely, decuroeasing the spacing will raise
the frequency.

2. Switch, 8510, locat.d on the driver panel in the lower
lcft hand corncer is provided for checking individual ca-
thode currents of V301 and V302.

The balance contrsl, R504 and R505, is provided on the
front pancl to enable the opcrator to maintain a balance
of plate currents. When 5510 is in mid position the me-
ter, M503, is reading total plate current of V30l and V302.

The sum of plate currents as indicated by switching S510
cither lecft or right of the mid position is not equal to
the total plate curreant as indicated on M503% when this
switch is in the mid position. When S510 is switched
¢ither left or right of mid positio ., the meter is rcading
catiaode current of that particular tube. The switch ust
be left in the normal or mid position while the transait-
ter is operating except on initial tune up or for checking
balance between tube plate currents.

5512 is a multi-meter switch, whicn is used to read either
total grid current or individual scrcen currents of the
driving amplifier tubes.

Protection against clecirical shock, from high voltage cir-
cuits, is provided for by door interlock switch, S514.

When the back door is removed, S514 will open and imncdi-
ately rcmove the high voltage from the amplifier. When
S514 opens, relay K502 is de-uncrgized and opens the hold-
ing circuit on K503. Therefore, removing the primary pl:te
voltage from the high voltage transformer.

These are some facts about the amplifier which will contribute
to better operation.
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1. The amplifier control circuits are dependent on the driv-
er.

2. There zare, basically, two distinct systems. One sceries of
circuits in the driver and the amplifier are for inter-
locks, air switches and grid bias functions. Because of
the nature of the systen, all functions must be conplete
and satisfied in the driver beforc indications can occur
in the amplificr.

5. The other control circuits have to do with driver and
anplifier overload functions. When an overlond occurs,
the associated relay closes. When this occurs, three
events happen -

a. The indicator light is ¢Xtinguished.

b. 110 V. d.c. appli.d through R708 holds the relay
closed.

c. The contacts of scction 4 of the relay complete the
circuit to the recycle unit.

If the "tune-operate" switch is in the tunc position, the re-
loy which has cxperienced the overlo-d nust be de-energized by
pushing the manual reset button.

If the transaitter is in the operate position, the transmitter
will recycle and try to turn itself on.

The filament voltage on the amplifier will chan_e with output
power. This is bccause of power line loading. The filanent
voltage during operation should be naintained at 7.5 volts.

The balance control, R806, has an effect on the individual
grid bias voltage and is uscd to adjust the plate and screen
currents to similar values.

These currents should be within 10% so that therc is somcwhat
equal dissipation of cach tube.

The grounding hooks which are a part of the¢ transmitter should
be used when making repairs and adjustients on the transmitter.
These devices must be returncd to their hook before the trans-
mitter is operated because this is part of the interlock systen.

REMOTE CONTROL F.LCILITIES

To remote control the FM-20B,threc renote control functions
will be required. These are:

1. The fail-safe control function required by the FCC.

2. A nonentary "off", moumentary "on" function required to
turn the driver plate voltege off and on.

3. A raise-lower function for controlling the motor that is
used to drive the plate voltage powerstat.

6/22/61 =] 7= FM-20 B



The first two remote control functions are terminated on TB503
in the driver portion of the FM-2Btransmitter. The third,
raise-lower function is terninated on TB604 in the anplifier
cabinet.

Six metering functions have been provided, these are driver
plate voltage and current, and anplifier plate current and vol-
tage, filament voltage and RF output. The netering functions
of the driver are terminated on TB503, The metering func-
tions of the amplifier are teruinated on TB604,

RESETTING OVIRLOLD «ELAYS BY REMOTE CONTROL

K507 is the remote overload relay resct and is cmnected to a

© V. d.c. source from one of the stepper positions on the rec-
wote control unit. All that is necessary to reset the over-
loads reuwotely is to dial through the position, on the stepper
relay, to which X507 is connectcd.

CUNN.CTIONS FOR USING GATES RDC-10C REMOTL CONTROL UNIT

RDC-lOl TB503% DRIVER
1
TB3-31 - e
filanents On
TB%-32 — -3
TB5-2 4 —
W'c»[ =Pl ate Off
TB5-1 5 e
TB3-29 S
pele £ - Plate On
TB5-30 6
TB2-5 7 Renmote Plate Cur.
TB2-6 g Renote Platc Voltage
To Stepper K705 Remote Rcset
Position to Relay
Reset 10

Overload-Relays
Junper TB5-1 to TB3%-30
Junper TB604-13 to ground

RDC-10C TB6O4 AMPLIFIER
TB2-1 7 Remote Plate¢ Current
TB3-25 8 Transnitter Ground
TB2-2 9 Renote Plate Volts
TB2-3% 10 Remote RF Output
TB2--4 L Renote Filament Volts

12 Not Used

13 Not Used
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RDC-10C TB604 AMFLIFIER

TB3-26 14 Raise function

TB3%-28 15 Lowecr Function

TB3-27 16 Common

TB3-17 17 6V. Stepper relay position
18 Ground
19
20 110V. a.c. from Driver

Studio Unit RDC-10C

Position #2 P... Plate Voltage
Position #3 P.A. Plate Current
Position #4 P.iA. Power Output
Position #5 P.A., Filament Voltage
Position #6 Driver Plate Voltage
Position #7 Driver Plate Current

REMOTE CONTROLLING THE GATIES FM-20B

1.

12.

13.
14.

Connect the two wires from the fail-safe relay in the re-
note unit betwee n TB503-2 and TB503%-3.

Remove jumper between TB503-4 and TB503-3.

Conneat the momentary "on" function to thesec two terminals
for plate off.

Connect two wires from remote unit to TB503-5 and TB503-6
for momecntary plate on function.

Place "local-Remote" switch.in "Remote" position.

Place "Tune-Operate" switch in "Operate" position.

Connect "Raise-Lower" furction relays between 14,15 and

16 on TB60O4 with TBEO4-16 common.

Connect interlocking voltage to TB604-17.

Connect reriote P.A. plate voltage meter to TB604-9.
Connect remote P.A. plate current meter to TB604-7.
Connect remote P.A. RF output meter to TB604-10.
Connect reuwote P.A. filament volts to TB604-11.
Connect remote driver plate voltage meter to TB503-8.

Connect remote driver plate current meter to TB503-7.
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MAINTENANCE

Maintenance of the FM-20Bshould consist of periodic checking
of tubes, clcaning, visual inspection and lubrication wherec
required. The use of air filters materially assist in kecping
the transmitter interior clean; however, often periodical re-
moving of dust will still be necessary. Since electrostatic
fields createc "dust catchers”, attention should be paid to
these placcs. Support insulators in the tank are probably the
worse offenders. They must be kept clean and free of all
foreign material at all times. Not to do so may result in
arcing and shattering of the insulators.

Particular care nust be taken to remove dust from the high
voltage fecd through capacitors in the amplifier. These
capacitors should be cleaned both inside and outside of the
anplifier enclosure. This part is probably the most critical
in the high voltage wiring because of its nature to attract
small particles of dust.

The teflon deck which acts as an air chimney for the tubes,
should also be¢ wiped clean.

The underside of this deck should also be kept clean. The
renoval of the tubes will be necessary for this operation.

When inspection of air filters discloses dirt or forcign ma-
terial, they should be disca:ded and replaced with new oncs.
The type of filter used in the FM-2Bis a disposable type filtc.
and nay be replaced at most any local hardware or heating
supply store.

Once a month the entire transmitter should be cleaned of dust.
In the sanme case of the power amplifier, open the back door of
the enclosure and thoroughly wipe it clcan of dust after check-
ing for HV present. In the case of the driver amplifier, the
back door is removed by loosening six Lion fasteners, the in-
terior of this amplifier should also b. wiped clcean of dust.

The protcctive relays should have the dust cleaned out as
required and contacts burnished with a burnishing tool. These
relays are protccted with dust covers and ar: telephone type
relays and should require little attention.

The contact arcas of the shorting bar in the platc linc assen-
bly should bc lubricated occasionally with a silicon base
lubricant. This will make for easier tuning and reduced wear.
The moving parts in amplifier should also be lubricated for
the same reason.

The bearings for the blower of the motor for the P.A. are
sealed bearings normally giving long trouble free operation.
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They are lubricated for approximately 20,000 hours of opera-
tion. If for any reason the transnitter is inoperative for
long periods of tine the grease in thecse bearings should be
changed. This is done by taking the drain plug out of the
bottom of the bearing and a grease fitting should be attached
to the upper plug on the bearing and new grease applied until
the new grease runs out of the drain plug at the bottomn. In
the case of the blower in the driver portion of the trans-
pitter it should require a periodic drop or two of o0il in

the oil cups provided. The exhaust fan in the driver and aup-
1ifier have sealed bearings and require no lubrication.

This transnitter is a precision electrical device and as such
should be kept, at all times, clean and free of dust or for-
eign material. Dust shortens the life of many components due
to flash-overs, arcs, etc. which damage same. Also, dust and
poisture condensation will lead to possible arc overs and short
conductive paths and possibly reduce the efficiency of the
amplifier.

4 small brush and a soft rag can be used very effectively in
kecping the equipment clean.

A good preventive maintenance schedule will provide best assur-
ancefor trouble free transmitter operation.
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PLRTS LIST

1KW TR.NSMITTLR C..BINST

Syobol No. Drawing No.
B501 430 0002 000
C501,C502 510 0246 000
F501,F502 398 0186 000
1501,L502 476 0105 000
R501 552 0405 000
R502,R50% 540 0618 000
R504 ,R505 552 (0721 000
R506,R507,

R517 542 0056 000
R508 542 1051 000
R509 550 0029 000
R511 548 0004 000
R513 542 0565 000
R510 550 0067 000
S509,8511 600 0162 000
S510 600 0302 000
S512 600 0280 000
S513 604 0086 000
S514 604 0061 D00
8516 926 6665 001
T301,T302 472 0111 000
T501 472 0307 000
TB501 614 3047 000
TB502,TB517 614 0092 000
TB506 614 0052 000
TB507 614 0046 000
TB510 614 0100 000
TB511 614 0093 000
TB514 614 0046 000
XFS0.L 402 0015 000

6/22/61

Description

Fan, 115V., 50/60 cy. 1500 R2M,

650

cfn.

Cap., 4.0 nfd., 5000 V. (W)

Fuse, 30 amp., 230 V.

Choke, 10 Hy.

Rheostat, 15 ohn, 150 W.
Res., 2000 ohm, 2W. 5%
Rhsostat, 2 Section in tandein,

300 ohn per section

Res., 20 ohn, 10W.
Res., 2.5 ohm, 10W.

Control, 10K ohnm
Res., 5 neg. ncter aultiplicr
Res., 100K ohn, 190 V.

Control, 10K ohn

Swit

Switch, 1 scction,

ch, rotary

5 position

Swit

ch, Rotary

%) pEALTREINALE

air Switcih, close at .25", open at

°l|!
Inte

water column
rlock Switch

Interlock Switch and Grounding
Hook issembly

Transformer, P... Filanent

Transforncr, Powecr

Terninal Board, .udio
Terminal Board, 115V. 4.C. and

M-1

Oa junmper

T¢rninal Board, Contactor Pancl

Terninal Board, Fan

Terminal Board, Contactor Panecl
Terninal Board, Powcrstat FM-10a
Terrninal Board

Fusec

Block
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Symbol No.

METER P..NEL

M501
M502
M503%
M504

M505

€50%,C504,C505

C506,C507

B301

C303%,C308
C304,C305,
C306,C307
C311

C312
C313,C314

DC501

J301
J302

L301
L302,L303,
L306
L3304
L305
L309
L310
L5311

R301,R304,
R305

R306

R307
R308,R309
R310

TB301
TB302

6/22/61

Drawing No. Description

630 0049 000 Meter, Fil., Volt 3-1/2" 0-10V.
AC (non-nmagncetic panel)

632 0074 000 Meter, PiA Grid Current, 3-1/2"
0-50 M.. DC (non-magnetic pancl)

632 0026 000 Meter, P.. Plate Current, %-1/2"
0-1 imp. DC (non-mag. panel)

632 0148 000 Meter, Plate Voltage, 3-1/2"
0-1 M.. DC nmovement w/0-5000V., DC
Scale (non-magnctic panel)

91% 1256 001 Meter, R.F. Output

516

432
520

516
520
516

620

612
612

813

494
813
81%
926
81%
910

542
542
542
540
542

ol4
ol14

0082 000 Meter By-Pass Cap., .01 mfd.,
1KV

DrIVER LMPLIFIER T.uNK

0026 000 Blower, 115V. 50/60 cycles,CCW
0091 000 Cap., Variable, 50 mnfd.

0204 000  Cap., 100 mmfd., 5000 V.(W)

0249 000 Cap., Variable, 20 uuf.

0233 000  Cap., 500 anfd., 30 KV.
Neut. Padding Condenser (Det. by
Freq.)

0034 000 Micro-nmatch, 0-1200 W. 50 ohm

0232 000 Receptacle "N"
0230 000 Receptacle "UHF"

1281 001 Plate Choke

0004 000 Choke, 7 Microhy.
1532 001 Input Grid Coil

1531 001 Input Coupler Coil
5524 001 Plate Linc Assenbly
1060 001 Output Coupling Loop
9741 001 Monitor Loop Assembly

0728 000 Res., 100 ohn, 2W. 10%
0085 000 Res., 3500 ohm, 10W.
0088 000 Res., 5000 ohm, 10W,
0740 000 Res., 1000 ohm, 2W. 10%
0316 000 Res., 2000 ohm, 20W.

011% 000 Terminal Board
0092 000 Terminal Board
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Synbol No. Drawing No. Description

V301,V302 374 0010 000 Tube, 4-4004A
XV301,XV302 404 0055 000 Socket
CONTROL P4NEL

4501 ,.4505, 4506,

1507 , 4508 396 0105 000 Lanp, 14 V.

A503 3296 0062 000 Lamp, Neon

R518,R519 540 0202 000 Res., 100K ohm, 1/2W. 10%
S502 ,S506 604 0067 000 Switch, Pushbutton, Black
S503%,S507 604 0069 000 Switch, Pushbutton, Red

S517 604 0150 000 0.L. Reset Puchbutton Switch
5518,S519 604 0032 000 Toggle Switch, D.P.D.T.
X501 406 0052 000 Pilot Light assewmbly, Green
X:150% 406 0051 000 Pilot Light assembly, Red

¥i505,X45060,
£a507,X4508 406 005% 000 Pilot Light assecibly, Anber

CONT..CTOR P.i.NEL

CR501,CR502 386 0015 000 Silicon Diode, 10 V.

K501,K50% 570 0055 000 Contactor, 4 pole, 25 anp.
230V.

K502 574 0074 000 Relay, 6V. «.C., S.P.D.T.

K505 ,K506 572 0025 000 Relay, 2-C

K507 574 0014 000 Relay, 6V. D.C., S.r.D.T.

R514 542 0056 000 Res., 20 ohm, 1lOW.

R515 542 0085 000 Res., 3.5K ohu, 1OW.

R516 550 0061 000 Control, 1K ohm, 2W.

R520,R521 550 0057 000 Control, 250 ohn, 2W.

T502 472 0112 000 Transforuner, Recf. Fil.

TB503% 614 0054 000 Tcrminal Board

TB504 ,TB505 614 0104 000 Terminal Board

TB513 614 00%4 000 Terninal Board, O.L. Relay Deck

TB515 614 0092 000 Terninal Board

TB516 614 0094 000 Terminal Board

V501,V502 374 0027 000 Tube, 673

XV501,XV502 404 0121 000 Socket
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Symbol No.
C201,C202

F201
F202

1201,1L202
R201

T201
T202
T203

TB201

TS201 , TS202
TS203

Va0l
XF201,XF202
XVv201

C401
C402

C403, C4O4 , C4O5
C406

C407

C408 , C409

C410

c411

J401, J402

1401
L402
L40%
1404
1405
L406
L407, 1408,
I410,I411
1409
T412
I413

6/22/61

FARTS LIST

M-5652A FOWER SUPPLY

Part No.

510

298
398

476
542

472
472
472

614

614
614

374
402
404

520
520

516
520
520
516
516
520

612

813
813
813
913
813
494

494
813
813
813

0071

0015
0079

0017
0163
0084
0090
0017
0076

0189
0176

0020
0021
0016

000

000
000

000
000
000
000
000
000

000
000

000
000
000

Description

Capacitor, 8 mfd., 1000V. D.C.

Fuse, 1/2 amp., 250 V.
Fuse, Slo-Blo, 1-1/2 amp. 125V.

Filter Reactor
Resistor, 100K ohm, 20W.
Filament Transformer
Filament Transformer
Flate Transformer

Terminal Board

Tie Point
Tie Point

Tube, S5R4GYA
Fuseholder
Socket

M-5675 AMFLIFIER

0004
0194

0215
0115
Ole4
0227
0235
0112

0233

1772
1762
1761
1774
1771
0007

0004
0246
3607
3608

000
000

000
000
000
000
000
000

000

001
001
001
001
001
000

000
001
001
001

Capacitor, Variable, 2-19 mmfd.
Capacitor, 500 mmfd., 500V.
Button Type

Capacitor, 100 mmfd., +10%
Capacitor, Variable, 5-25 mmfd.
Capacitor, Variable, 2-15 mmfd.
Feedthru Capacitor, 500 mmfd.
Feedthru Capacitor, 1000 mmfd.
Variable Capacitor, 2.2-21.5 mmfad.

Receptacle

Grid Coupling Coil
Grid Coil

Grid Coil

Plate Coil Assembly
Plate Output Loop
R.F. Choke

R.F. Choke
Filament Choke
Coil

Coil

FM-20B



Symbol No,

PL4OL ,P4O2

R401 ,R402
RU4O3
R4O4
RLOS
R406
R407 ,R408

TB401

TP401

V401 ,V402
V401 ,Xva02

Part No.

620

540

552
540

550
540
540
614
614
574
404

0122

o482
0058
0367
0073
0748
0752
0096
0345
0051

0016

000

000
000
000
000
000
000

000
000
000
000

M-6023% LUTOM..TIC

Description

Right .ingle adaptor, UG-27C/U

Res., 15K ohm, 1W., 10%

Res., 500 ohn, 25 W. ..djustable

Res., 30K oha, 1 W., 5%

Control, 100K ohn

Res., 4700 ohun, 2 W., 10%

Res., 10K ohm, 2W. 10% (Used in
FM-1B only

Terminal Board

Tcst Point Jack

Tube, 6146

Socket, Octal
RECYCLING UNIT

cl
CR1
F1

K1

K2

K3

Ki

Rl

R3

R5’ mé

T1
T2

TB1
XCR1

XK1, XK4

6/22/61

524
384
398
574
574
574
476
550
542
540
540
540

472
472

614
402
402
404

0091
0020
0017

0020
0040
0073

0019
0071

0135
0166

0724
0752

0208
0090

0034
0017
0021
0016

000
000
000
000
000
000
000
000
000
000
000
000

000
000

000
000
000
000

Cap., 200-200 nmfd., 150 V.
Silicon Rectifier

Fuse, 1 aap. 250 V.
Plug-in Relay, Double Pole
Relay, 115V. 4C, D.P.D.T.
Relay, 6V. 4.C. 3p.d.t.
Time Delay Relay, 115V. 10 Sec.
Control, 50K ohm, 2W.
Res., 1.5K ohm, 20W.

Res., 100 ohm, 1/2W. 10%
Res., 47 ohm, 2W. 10%
Res., 10K ohnm, 2W. 10%

Isolation Transforner
Fil. Transforner

Ternin=1 Board
Rectifier Mounting, 1 pole
Fuseholder

Octal Socket

FM-20B



POWER LMPLIFIER CENTZR CUBICLE

Synbol No, Drawing No, Description

Al 384 0006 000 Diode

ci,c2 516 0054 000 Cap., .001 mfd., 1 KV

Jl 612 0230 000 Receptacle, "UHF"

L2 494 0004 000 R.F. Choke, 7 microhy.

Rl 552 0545 000 Control, 1000 ohm

R2 540 0178 000 Res., 1K ohm, 1/2W. 10%
R3,R4 540 0728 000 Res., 100 ohm, 2W. 10%

TB1 614 0069 000 Terminal Board

B601 432 0042 000 Blower, 1-1/2 H.P., 1750 RrM,

3 ph., 208/230V. 60 cy.
C.W. Upblast

C601,0602,C603,

C609,C610,C611 Cap., (Part of tube socket assy.)

Co04,C605 516 0082 000 Cap., .01 uf., 1KV

C607,C608 516 0206 000 Cap., 1000 uuf., 7.5 KV

c612,C613,C614,

C615,C616,

coel7? 913 5769 001 Feedthru Cap. asscnbly

c618,C619, |

C620 514 0064 000 ¥§rKv Vacuun Cap., 3-30 uuf.,

Cce2l 514 0015 000 Var., Vacuun Cap., 5-100 uuf.,
15 KV

ce22 516 0281 000 Cap., 500 uuf., 15 KV

C623 913 5768 001 Fecdthru Cap. Assembly

ce24,C625 Neutralizing Cap. (Part of

medh. ass'y.)

CR601,CR602 386 0015 000 Zener Diode

DCe01 937 8778 009 Micromatch & Coupling Loop
ASSY.

F601 ,F602 398 0186 000  Fuse, 3%0 amp., 250 V.

F603 398 0032 000 Fuse, 15 aup.

J601 612 0232 000 Receptacle

K601 570 0050 000 Relay, Magnetic,220V. 4 pole

K602 576 0060 000 Relay Pneuaatic Tining 208-220
V., 60 cy.

1601 913 5767 001  Screen Choke assembly

Leo2 913 5767 002 Screcn Choke assenbly

Le03,Lo04 494 0004 000 RF Choke

L605 826 7788 001 Fil. Choke

L1606 826 7789 001 Fil. Choke

6/22/61 -6- FM-20 B



Symbol No. Gates Part No. Description

Le0? 826 7787 001 Fil. Choke

Le08 826 7790 001 Fil. Choke

L6009 926 7581 001 Grid Line Assembly

1610 926 7581 002 Grid Line Assembly

Lell 926 7587 001 Grid Input Coupling lLine Assy.
Lelz 937 9526 002 Plate Line Assy.

1613 926 7582 001 Flate Output Coupling Line Assy.
Lel4s 926 7593 001 Plate Choke Assy.
R601,R602 550 0061 000 Potentiometer, 1K ohm, 2W.
R603, R604 540 0740 000 Resistor, 1K ohm, 2W.
R605,R606 540 0837 000 Resistor, 250 ohm, 10%
S601 926 5589 002 Switch, High Voltage Gnd.
S602 926 6665 002 Switch, Gnd. Hook Assembly
5603, So04 604 0061 000 Switch, Door Interlock
S605 604 0092 000 Air Switch

T6e01 47972 0537 000 Transformer Filament

Te02 474 0050 000 Powerstat, (Two Ganged)
TB60O1 614 0104 000 Terminal Board

TBeO4 o144 0064 000 Terminal Board

V601l ,Ve02 374 0077 000 Tube, 4CX10,000D

XFo03 402 0074 000 Indicating Fuseholder
XVe01l,XVe02 Tube Socket Assembly

DRIVER FLATE VOLTAGE CONTROL UNIT (CENTER CUBICLE)

FeO4, Fo05 398 0095 000 Fuse, 8 amp., Slo-Blo

615 476 0230 000 Choke

R818 540 0480 000 Resistor, 10X ohm, 1W. 10%
Te02 474 0050 000 Powerstat (two ganged)
XF604 ,XFo05 402 0024 000 Fusekholder

992 1117 001 TUNING MOTOR & IIMIT SWITCH

436 0003 000 llotor, Speed Reducing
604 0137 000 Switch
614 0049 000 Terminal Board

994 4806 002 RE AT ASSEMBLY

K1l 572 0050 000 Relay, 24, 6 V.,
K2 ,K3 572 0011 000 R:lay, 2A, 110 V. A.C.
TB1 614 0079 000 Terminal Board
TB2 614 0070 000 Terminal Board

6/22/61 -7- FM-20B



M-6092 R&MOT. FILLMeNT MLTLrRING KIT

Symbol No, Gates Fart No. Description

Cl 522 0014 000 50 nfd., 150 V. Cap.

CR1 384 0020 000 Silicon Rect., 1N-2071

Rl 540 0178 000 Res., 1000 oha, 1/2W. 10%

R2 550 0067 000 Control, 10K ohn

T1 Transformer (Part of mech. assy.)
TB1 614 0069 000 Terwinal Board

M-4845 zF QUTPUT CUR.ULNT EXTENSION KIT

Al 384 0006 000 Diode
CllsC2 516 0054 000 Cap., .00l mfd., 600 V.
Jl 612 0230 000 Receptacle
L2 494 0004 000 RF Choke

610 0231 000 Plug
R1 552 0545 000 Control, 1000 ohn
R2 540 0178 000 Res., 1K ohm, 1/2W. 10%
R3,R4 540 0728 000 Res., 100 ohm, 2W. 10%
TB1 614 0069 000 Terriinal Board

POWER CUBICLE (RBCTIFIER & CONTROL)

a801 396 0062 000 Neon L~znp
B801 430 0012 000 Fan, 115 V. 60 cy., 1500 rpo.
C801 510 0312 000 Cap., 4 uf., 7500 V.

C804,C805,C806,
c807,C808,C809,

c810 516 0082 000 Cap., .0l uf., 1 KV

F801,F802 398 0137 000 Fuse, 8 aup.

F803,F804 398 0054 000 Fuse, 1 amp., Slo-Blo

K803 574 00%6 000 Relay, 6 VDC

L801 476 0234 000 Filter Reactor

M801 630 0049 000 Mcter, 0-10 ¥, aC

M802 6%2 0104 000 Me¢ter, 0-300 M..DC

M803% 632 0398 000 Mc¢ter, 0-10 anp., DC

M804 632 0399 000 Meter, O-1 M.oC, movenent with
0-8000 V. DC Scale

M805 913 1256 003% R.F. Output Meter

6/22/61 -8- » FM-20B



Synbol No.,

Drawing No.

Description

M806 632 0400
M807 632 0132
R802,R803 542 0539
R804 548 0100
R807,R808 542 0164
R814 552 0160
R815 550 0067
R816 550 0029
R817 552 0320
S801

S802 926 5589
5803,S805 604 0061
S804 600 0162
S806,5807 604 0084
S808 926 6665
T801 472 0405
T802 472 0406
T803, T804 474 0034
T805 474 0054
TB8O1 614 0104
TB80O5 614 0093
X4801 406 0044
XF801 ,XF802,

XF803 402 0074
XF804 402 0024

HIGH VOLTuGE

000 Meter, 0-500 V DC

000 Meter, O-1 M..DC novement with
0-2000 V. DC Scale

000 Res., 100K ohm, 160 W.

000 Meter Multiplicr, 8 megohn

000 Res., 1 ohn, 25 W.

000 Adj. Res., 5K ohm, 100 W.

000 Control, 10K ohn

000 Control, 10K ohn

000 Rheostat, 1000 ohii, 25 W.
3KV 6500 V. Switch ass'y.

002 H.V. Grounding Switch .ass'y.

000 Door Interlock Switch

000 Rotary Switch

000 Push Button Switch

002 Interlock Gnd. Hook Switch
Assenbly

000 Plate Power Transformer

000 Screen Pwr. Transformer

000 Var. Transformer, 230 V. 50/60
cCy., 1 phase

000 Var. Transformer, 230 V. 1 phasc

000 Terninal Board

000 Fan Terminal Board

000 Pilot Light Assembly, Red

000 Indicating Fuseholder

000 Fuseholder

RECTIFIER u4SSEMBLY

516 0054
384 0052
542 0140
CONTROL PuLNAL &

000 Cap., .00l uf., 1 KV
000 Silicon Rectifier, S1081
000 Res., 25K ohn, 5 W.

BOX FOR POWZR CUBICLE

A701,4702,4703,
A704, 4705 ,4706,

A707 396 0105
A708 396 0062
C701 516 0082

6/22/61

000 Lanp

000 Neon Lanp

000 Cap., .01 uf., 1 KV
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Synbol No. Drawing No.
K701,K702,K703,
. K705,K706,
K707 ,K708 572 0025 000
K704 222 0120 000
M701 6 0001 000
R701 542 0284 000
R702,R703 542 0245 000
R705 ,R706 542 0164 000
R707 542 0417 000
R708 542 0085 000
R709,R710 542 0058 000
R711,R712 542 0056 000
R71%,R714,R715,
R716,R717,
R718 550 0061 000
R720,R721 540 0492 000
R722 540 0580 000
R719,R723,
R724 542 0060 000
Rg25 540 0728 000
R726,R727 540 0740 000
s701,S702 600 0186 000
S703 600 0300 000
S704 604 0067 000
S705 604 :0069 000
S706 604 0061 000
TB701,
TB703,TB704 614 Qpe2 000
TP701 614 0189 000
1701 406 0052 000
X4702,X4703,
XA704 ,X.705,
Xa706,X4707 406 0053 000
XA708 406 00La 000

LIPT SIDE <uNEL PaRTS (POWER CUBICLE)

Description

Relay, 2C

Relay, 2C, 60V. D

Tota

o s
Hour Meter, 23%0 V., 60 cy.

Res., 3 ohm, 100 W.
Res., 4 ohm, 75 W.

Res., 1 ohn, 25 W.
Res., 10K ohm, 20 W.
Res., 3500 ohm, 10 W.

Res., 50 ohn,

10 W.

Res., 20 ohm, 10 W.

Control, 1000 ohn,
Res., 100K ohm, 1 W.
Res., 51 ohm, 2 W.

Res., 100 ohm, 10 W.
Res., 100 ohm, 2 W.

Res., 1K ohm
Rotary Switch

Rotary Switch

1w,

Push Button Switch
Push Button Switch
Interlock Switch

Terminal Board

Tie Point

Pilot Light Ass'y. Green

Pilot Light ass'y. Anmber
Pilot Light ass'y. Red

c802
€803

CB801
CB802

6/22/61

510 0317
522 0133

606 0057
606 0084

000
000

000
000

&) De=

Cap., 1 uf., 600 V.,
Cap., 16 uf., 450 V.

Circuit Breakcer, Curve 2, 3

pole, 240 VAC

Circuit Breaker, 3 pole

FM-20B



Synbol No, Drawing No.
CR801 384 0020 000
K801 574 0036 000
K802 572 0081 000
K804 ,K805 570 0008 000
K806 574 0035 000
K807 574 0036 000
K808 570 0074 000
R801 540 0740 000
R805 548 0014 000
R806 540 0716 000
R809 542 0412 000
R810 552 0006 000
R811,R812,

R813% 542 0441 000
TB802 614 0096 000
TB803

TB8O4 614 0095 000
TB806 614 0116 000

SCREEN RUCTLEFIER

Description

Silicon Rectifier, 1N2071

Relay, MR2TU, 6 V. D.C.
Relay, 1C

Contactor, 208-220 V., 60 cy.
Relay, 230 V. aC

Relay, 6 V. DC

Contactor, 220V., 60 cy.
AtrH CRA-33/~© mobiL (5
Res., 1000 ohu, 2 W,

Meter Multiplicr, 2 negohn
Res., 10 ohm, 2 W.

Res., 5000 ohn, 20 W.

Adj. Res., 10 ohm, 10 W.

Res., 1 ohn, 50 W.

Terminal Board

Terninal Board (Part of nech.
assy.)

Terminal Board

Terminal Board

aSSEMBLY

516 0054
384 0052
542 1040

000
000
000

Cap., .001 uf., 1 KV
Silicon Rectifier, S-1081
Regs., 25K ohnm, 5 W.

SCRESZN FILTER DACK (POWER CUBICLE)

C901,C902

E901,E902,
E903%

L901,1902
R9O1

510 0145

926 5727
476 0034
542 0235

000

003
000
000

Cap., 10 uf., 2 KV

Feedthru Insulator Assenbly
Filter Choke, 10 Hy.
Res., 100K ohn, 50 W.

GRID BI..S SUPPLY DiCK (POWER CUBICLE)

C1001,
C1002

L1001
T1001
TB100O1

6/22/61

522 0312
4776 0016
472 0407
614 0112

000
000
000
000

~11-

Cap., 30 uf., 500 V.
Filter Choke, 6 hy.
Bias Transformer

Terninal BRBoard

FM-20 B
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RICTIFISZR BO..RD aSSEMBLY

516 0054 000  Cap., .00l uf., 1 KV
384 0020 000  Silicon Rectifier 1N2071
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ST.TION GUaRDIAN

This FM-20B is also equipped with a device which protects the
trans:;itter, transnission line, and antenna froua abnornal load
conditions,

The unit consists of two sensitive d.c. anplifiers whose input
signals are taken froii the Micromatch coupler. The voltages
fron the coupler are aaplified and operate a pair of nulti-
contact relays which operate the associated indicator lights
and alarm functions.

This unit can be set to operate under any pre-deternined V3dR
conditions. This is done by adjusting the control R1l located
on the deck below the meter panel on the power cabinet.

The sane procedure is then used in adjusting power control R10
to the desired level at which t.e relay RY1l operctes.

The normally closed terminals of RY1l and RYZ are connected
in series and are iacluded in the interlock circuits.

Therefore, if any malfunction occurs because of improper trons-
nission line inpedance or power, tae interlock circuit is opened.
The plate voltage on both the driver and aaplifier is dropped.
The only way the trans.aitter cian be operated is to clear the
responsible malfunction.

11/2/61 -1- F11-20B



1-6023% AUTOMATIC RECYCLE UNIT

THEORY OF OP#RATION

The unit is designed to provide a low voltage source for pilot
lights and interlock circuits. In addition, with the transmitter
wired properly, it provides a lock-in function on overloads for
maximum indication of source of trouble. This lock-in feature
can be reset manually at the transmitter or at a remote point.

The third function of the unit makes recycling possible when an
overload occurs and the "tune-operate" switch is switched to
"operate" position. An R/C circuit operating an auxiliary relay
provides three complete recycles during a 1O second interval,

NOTE: The above number of recycles can be changed by adjusting
a potentiometer to almost any desired number within a certain
time period. Also, the total recycle time can be changed by
inserting another time delay relay of the desired type. When
using a 10 second time delay and the transmitter has overloaded,
the following will occur. If, during the 10 second interval,
the transmitter overload has not corrected itself, the trans-
mitter overload at fault will lock out and remain locked out
until manually reset. If the transmitter experiences one or
two overloads and then clears itself, the recycle unit will
again be rcady for three more complete recycles after approxi-
mately 15 seconds.

Circuit Description

The time constant which determines the pulse interval for
recycling is the 50 K 2 W. potentiometer, Rl, and the capacity
of ClA. When the voltage on the positive terminal of ClA

equals the voltage necessary to close the relay K1, this occurs
causing the capacitor to discharge through R3, 100 ohm to ground.
The discharge time constant is cnosen to allow sufficient time
for the high voltage contactor to close prior to the reopening
of relay Kl.

This discharge interval must not be sufficiently long to allew
damage to the transmitter in an overloaded condition.

The second set of contacts on relay K2, g slave rclay,
switches the heavier currents involved in closing the

high voltage contactor and also breaking the 150 volts D.C.
which locks in the overload relays. Therefore, rccycling of
the reset occurs just prior to the closing of the high voltage
contactor.

The tire delay relay K4 is activated the instant that K3 ener-
gizes which occurs when an overload relay locks down. After
an elapscd time of ten seconds or three recycle periods, K4

1/27/61. ~-1- M—6025.
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closes, shorting the coil of K1 to ground, thus stopping the
operation of the time constant circuit. After this elapsed time
of ten seconds, the unit must be reset either remotely or by

the reset button located on the front panel of the 1Kw driver.
It is necessary to wait approximately 15 secunds for the element
in K4 to cool before you can expect another three recycles.

Relay K3 performs three functions, the aforementioned closing of
K2 when K3 is energized and also to supply 150 V. DC to potentio-
meter Rl in an overload condition. It also breaks the 230 V. aC
which supplies the high voltage contactor coil. In an unenergized
condition K3 breaks 130 V. DC to K1 through Rl and maintains coil
voltage to the high voltage contactor. Also, the time delay
relay K4 has operating voltage removed which should increase the
operating life of this relay. X3 is operated by 6 V. 4C which is
supplied by the unit. One coil terminal is tied common to the

© V. AC transformer and the other coil terminal is tied in series
with a parallel string of overload relay contacts which return

to the other side of the 6 V. AC transformer.

Resistor R4 acts as a surge resistor while R2 is merely a bleeder
resistor.

The two switches and one push button which control the recycle
unit are mounted on the 1lKW driver control panel. The operation
of the push button acts as a manual reset. It is a normally
closed switch, which when open, removes 130 V. DC from the 3%.5K
reésistors in series with the coil and overload potentiometers of
the overload reclays. These relays then open to again permit
operation of thc¢ transmitter.

The "local-remote" switch opens the circuit for the remote "on"
function, thus placing the transmitter in a local operate con-
dition only.

The "tune-operate" switch performs two functions, in "tune"
position it shorts out the coil of K1 in the recycle unit, thus
making the unit inoperative. In "operate position", the short is
removed from the coil of relay Kl. When the 1KW transmitter is
used as a driver for a higher power amplifier, the "tune-operate"
switch also performs the following functions. It supplies 240 V.
AC to the manual push button on the P.A. high voltage control
panel when in tune position. In this position th¢ driver and
P.A. high voltages must be turned on independently. In "operate"
position the short is removed from the coil of K1 and the 240 V.
AC 1s removed from the P.A. high voltage push button on the F.A.
Instead 240 V. AC is supplied to one¢ contact of the K809 under
drive auxiliary relay, which when closed, turns the £.A. high
voltage contactor on.

1/27/61. -2~ M-602%
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INSTRUCTIONS FOR OFLR..TION OF M5675 AMFLIFIIR

General Description

The M5675 anplifier covers 2 frequency rangce of 88 to 108 nc.
This is done without the a2ddition or removal of =any padding
cortponents in either grid or plote circuits. Fower grin of
this amplifier is approxinately 10. vwhen used as a2 final
output stage, naxinum power output is in the vicinity of 50
to 60 watts. The M5675 nay 21so be used to drive following
anplifier stnages.

The series type of circuit is used in the grid and a conven-
tional parallel type of circuit is used in the plate. This
tends to nake for less susceptibility of paresitics at higher
frequencies than the anplifier is used. Screens of the 6146
anplifier tubes zre isolated by chokes rather then kF groun-
ded. This has proven to be more effective at VHF frequencies
and elininntes the need for reutralizing. The reader should
refer Lo sclhienatic B-65555 for a better understanding of the
circuit.

Tune-u

This particular anplifier should be tuned up for best effi-
ciency and coupled for best transfer of power even if consi-
derably less than full output power is desired. The screen
control nmay then be turned down to reduce output power to the
desired level.

To twie the grid circuit, place the negntive probe of 2 volt-
neter, into TP401 and ground the positive lead. With drive
connected to input receptocle J401, tune C401 (grid tuning)
for moxinun negative reading on the voltmeter. Thie voltage
ray vary all the way from -15 to -45 volts depending on the
anount of drive. This reading will drop as soon as screen
'nd plote voltage are applied to the amplifier.

after the grid circuit hos been zTroperly tuned, coupling
betweer 1401 and L1402, I~+03 skculd be varied to ottain the
noximun negative voltzage at TF401 with a nininun of drive.
C401 must be retuned each tine coupling is changed.

when the input circuit h.s been properly tuned, plate 2nd
screen voltage may be applied to the anplifier and the plate
circuit tuned. It is recommended thit this be done with the
amplifier coupled into a 51 ohm non-reactive load. If rnlate
current is being retered, tune the plate tune control C407
for a dip. Otherwise, tune C407 for naximun power output.
Now vary coupling between L404 and IL405. Turn applifier
back on and tune C406 for moxinurn poser output along with
Cc407. pHeveral trys may be needed to find the best point of
coupling between L404 and I405. BEach time the coupling be-
twcen L4O4 and I405 is varied, the plate nust be retuned
along with output coupling capacitor C406.

4/21/60 -1~ M5675 Arp.



After tuning has been completed for best power output and
efficiency, screen control R405 should be set for fTthe desired
power output. In no case should the output circuit be - de-
coupled to reduce output power. i

It should be emphasi,ed that this amplifier is easily over-
driven. TFor 50 watts output power approximately 3 watts
drive is rejuire”. ZFor 15 to 25 watts output power, about
1l watt of driving power is required. If driving power is
increased above the required amount, power output of the
amplifier will fall off due to high grid leak bias being
created. A typical set of reading are given on this amp-
lifier on the following page.

Coupling Amplifier To Another Stage.

Jhen the amplifier is going to be used to drive another amp-
lifier stage, it is suggested th.t it first be tuned up into
a load and then coupled to the grid circuit of the following
amplifier stage.

To reduce the possibility of oscillations and/or parasitics,
the input circuit of the following stage should be properly
coupled and matched to the 51 ohm coaxial line connected %o
the output of the 50 watt amplifier. This may be dcne with
a micromatch coupling unit. The following grid and input
circuit should be adjusted for minimum SWR.

If a micromatch coupling unit is not available, the input
coupling and grid tuning of the following stage should be
tuned for maximum grid current in that stage.

If the following input circuit is properly matched, plate
tuning of the 50 watt amplifier will not change appreciably
when switching from a non-reactive load to being coupled to
the following emplifier stage.

If the 50 watt amplifier stage was rroperly tuned up into a
load =2nd plate tuning deviates radically from where it was
after being coupled into another stage, a major mis-match
exists.

If the 50 watt amplifier unit is over-driving the following

amplifier, screen control R405 should be adjusted for the
desired drive. Do not de-couple the 50 watt amplifier stage.

6/25/58 -2~ 15675 Anmp.



Pwr. Out

Pl1t. Current
P1t. Voltage

Screen volts

Screen Current 12

Cathode volts
Driving power

Grid Voltage

(Grid voltage measured at TP401.

P1lt.Pwr.Input 107 watts 97 watts 75 watts 72
P1t. Dissipa-
tion 42 watts 47 watts 52 watts 55
P1lt. Circuit
Efficiency 61% 52% 31% 23.5
Figures below obtained with no darive.
P1lt. Voltage 550 volts 560 volts 580 volts 580
P1lt. Current 165 Ma. 155 Ma. 125 Ma. 125
Cathode volts 45 volts 40 volts 31 volts 31
Plt.Dissipation 83 watts 80 watts 69 watts 69

(A1 readings were made with screen

TYPICAL OPIRATIONAL T&3T DAT.
OBTAINED ON
M5675 AMPLIFIZR OPERATING AT 99.1MC

-3

65 W. 50 W, 23 W. 17 W.

250 Ma. 215 Ma. 140 Ma. 130 Ma.

500 volts 520 volts 570 volts 580 volts

290 volts 235 volts 150 volts 147 volts

Ma. 8.5 Ma. 3 Ma. 2.2 Ma.

68 volts 58 volts 35 volts 33 volts

6.5 watts 2.5 watts 1 watt .8 watt
-10/-42" -7/-33" -8.5/-23" ~6.5,/-20"

o - uk
waohs

volts
Ma.
volts

watts

13 W.
110 Ma.
590 volts
132 volts
1.5 HMa.
29 volts
.8 watt

-3.5/-15"

" indicates voltage hefore applying screen and plate voltage)

61 watts
48 watts
214

590 volts
105 Ma.

27 volts
59 watts

connected t> regulated +320 regulated supply)

M5675 Amp.



INSTRUCTION BOOK
FOR
THE M-6095 FM EXCITER

I.B. #888 0648 001
August 1, 1961

'World Radio Histo

Gates Radio Company

Quincy, Illinois




INDEX
M6095 EXCITER

(Freq, Range 88 - 108 MC.)

PAGE
Specifications | . ¥
Introduction 3
Installation 3
Pre-operation L
Daily Operation ]
Theory of Operation & General
Explanation of Circuitry 6
General %
DC Resistance of Frequency Multiplier Coils L101
Through L113 and Capacitor Values Across Them 7
Coupling Exciter To A Following Stage 8
Efficiency Calculations of V115 Stage 9
Typical DC Test Point Voltages 1k
Proof of Performance Data 12
Setting Carrier Frequency 13
Distortion Measurements and Adjustments 13
Overall Frequency Response 15
FM Noise 17
AM Noise 17
Typical Proof of performance Readings 18
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852 577L 001 Schematic, FM Exciter
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ES-6170 Standard 75 Microsecond Pre-emphasis Curve
A=4165 Test Sat-Up for FM

826 7991 001 Typical Waveforms of Stages V10l thru V106
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Tables and Charts Included Within Text of Book That are
Helpful in Trouble Shooting:
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NOTE: Complete Tune-up Procedure At Customer Request
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SPECIFICATIONS

Power Output:

Frequency:

RF Output Impedance:
Frequency Stability:

Type of Oscillator Circuit:

Type of Modulation:

Modulation Capability:

Audio Input Impedance:

Audio input level for

O - 10 watts, continuously variable
88 - 108 Mc.

51-72 ohms

£ .001%

Direct Crystal Control

Phase shift employing pulse
techniques

£ 100 Ke 100% Modulation equals
£ 75 Ke

600 ohms

100% modulation at 400 cycles: £ 10 dbm, £ 2 db

Overall Audio Frequency
Response:

Distortion at 100%
Modulation:

FM noise:

AM noise:

Power input:

Within 1 db of standard 75 micro-
second pre-emphasis curve or flat
£ 1 db 50 to 15,000 cycles de=-
pending on specifications of plug-
in audio pad. =30 db at 30 cycles.

3% or less, 30 to 50 cycles.

1% or less, 50 to 100 cycles,

.5% or less, 100 to 10,000 cycles.
1% or less, 10,000 to 15,000
cycles.

65 db below 100% modulation at
400 cycles or better,

60 db below equivalent 100% ampli-
tuda modulation,

Approximately 120 watts when ex-
citer is putting out full 10 watts.
(1 ampere at 117 volts.,)

Approximately 6 watts (intermitt-
ent) crystal oven circuit.
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Tube Complement:

W W - W
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6201

6AU6

6AQ5

6J6

12AX7

OA2
GZ34/5ARL
6080

6360

7025
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INTRODUCTION

All FM transmitters require a device that will supply an RF
driving voltage of sufficient amplitude to drive the succed-
ing amplifier stage to the required output power level, 1In
addition, this device must have necessary provisions made for
frequency modulating the carrier the proper amount,

These requirements are fulfilled by the M6095 exciter unit.
The exciter panel is standard 19" wide for rack mounting,
height is 14", A rear dust cover is provided that extends
2-1/2" beyond the back of the panel. This dust cover is held
on by four acorn nuts easily removed from the front of the
panel, The highest unit on the front of the panel is the
crystal oven which extends 4-1/2" beyond the panel proper.

The unit is complete with its own power supply. It is light
in weight; 21-1/2 1lbs, this makes it very easy to remove the
unit from the cabinet or rack in which it is mounted and to

place it on a bench, All that is needed to operate the unit
is an AC cord connected from TB1O1-7&8 to a 117 V. AC outlet.

INSTALLATION

Generally, when the exciter unit is received at the point

of operation it will be mounted in a cabinet along with
additional amplifier stages, The unit finds its greatest
usage in driving 50 watt and 250 watt amplifier stages. With
some additional external metering, the unit becomes a complete
10 watt FM transmitter.,

Forced air cooling is not required for the unit. Sufficient
ventilation should be allowed to provide normal circulation

and up~-draft at least for the front of the panel, where all

of the tubes are mounted,

External wiring to the unit consists of the following:

T h shielded, twisted pair that connects to TB10l-1
-2-3. The shield should connect to TB10l1-3 which is ground.
These are the audio input terminals, iudio requirements for
100% modulation are approximately £10 DBM, and the inout im-
pedance is 600 ohms.

2 Two wires connected to TB1l01-7&8. These wires are
to provide operating voltaces for the unit., Requirements are
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117 volts, AC at 1 ampere,

s Two wires to connect to TB10l1-9&10., This provides
operating voltage for the crystal oven. Requirements are
117 volts, a4C at about 6 watts intermittent service.

In addition, if the exciter unit is used to supply B£ to some
other unit a wire must be connected from TBl0l-6 to the other
unit, 4n additional 20 to 30 milliamps at #£320 volts may be
drawn from this terminal when the exciter is transmitting a
full 10 watts., If output power from the exciter unit can be
reduce% to 3 or 4 watts, up to 50 milliamps maybe drawn from
TB101-6.,

The exciter may also be used to supply filament voltage to some
other unit. To do this, a wire must be connected from TBlOl-4
to the other unit, 6,3 volts, aC at about 1-1/2 amps. is a-
vailable to be drawn from this terminal,

If the power amplifier stage of the exciter unit (V115) is to

be externally metered the jumper connecting TB1l0l-5&6 should

be removed. I, wire should then be connected from TB10l-5 to
the positive terminal of the external milliammeter and a wire
should be connected from TB1l0l-6 to the negative terminal of

the milliammeter. The final stage will draw about 65 milliamps
when output power is 10 watts. The external milliammeter should
have a minimum full scale deflection of 100 milliamps.,.

PRE-OPER..TION

In almost all cases the exciter unit has been properly tuned
up to customer frequency at the Gates plant, If all tubes -
and other components are properly in place, wires connected,
etc., the exciter may be placed into operation by turning S101
to the "ON"™ position., This switch is located in the primary
circuit of T103. When it is turned "ON" both theé filament
voltage and the Bf voltage come on to all tubes., The recti-
fier tube is of the slow heating indirect cathode type, and
positive voltage will not exist for perhaps 20 seconds, after
this length of time the exciter power output will come up.

The only adjustments that will have to be made are to tune C169
(output coupling) and Cl67 (V115 plate tune) for maximum power
output into a load, following stage, or antenna, Final adjust-
ment of Cl67 and Cl69 should be done only after the exciter has
come up to full operating temperature; this will take about 15
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minutes after first turning the unit on. Stray cepacities of
tubes tend to change slightly as the tube warms up and a small
change of even 1/4 pf can considerably de-tune a circuit operat-
ing in the VHF range.

Frequency adjust control ClO4 should be set to the value given
in the factory test data sheet. Oven pilot lamp A101l will
start cycling after the oven heater has been on for about 20
minutes. The crystal oven does not really stabilize until it
has been on for about 1 hour., If, after this length of time,
the carrier center frequency does not agree with that shown on
a frequency monitor of know accuracy, readjust the ClO4 for
proper center frequency. Normal cycling of oven pilot lamp
4101 will be"™ON" 1/3 and TOFF" 2/3 timeswise for a room temp-
erature of 759 F,

4 quick check of the Bf voltage is advisable. This can be done
by placing the negative probe of a 20,000 ohms per volt meter
into a black test point (TP122 or TP1l23), and a positive probe
into TP121, The voltmeter should read £320 volts DC,

DLILY OPERATION

It is considered good practice to arrange wiring and control
circuits so that the crystal oven heater operates independ-
ently of the main power switch, If this is done, and the
crystal oven remains on all the time, the exciter will be close
to center frequency, even froxr a cold start. Power requirements
for the oven are about 6 watt and this only intermittently;

On a presumed basis of the oven being "ON" 1/3 of the time,

the oven would use only 2 watt of power per hour,

issuming that the crystal oven is ¢n continuously, then the
only thing that needs to be done in the normal days operation
is to turn the main power "ON" when starting the vbrcadcasting
day and "OFF" when finished. In most cases, this will be
accomplished when the low voltage switch is'turned on in the
transmitter, whether the transmitter be 250, 1000 or 5000 watts.,

If the exciter is turned on 10 or 15 minutes before ‘'s.IR™ time,
no other adjustments should be necessary. The exciter will
reach 80 to 90% of full power in about 5 minutes and full power
in 10 to 15 minutes., This assumes that the unit was fine tuned
while thoroughly warmed up,
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THEORY OF OPER..TION & GENER.L EXPL.N.TION OF CI:CUITRY.

Of all the known methods used to generate a frequency modulated
signal, the one used in this exciter unit is the simplest and
most straight forward. Since the signal generation depends upon
direct crystal control, the output frequency will be very stable.
In addition, tuned circuits will be uncritical in operation and
low cost receiving type tubes may be used in the majority of
circuits,

V10l is a crystal controlled oscillator. The crystal controlled
output of V10l is shaped into a series of sawtooth waveforms

by V101 and V102, for application to Modulator #1, V104. The
output of Modulator #1, V104, is then again shaped into a saw-
tootz waveform at crystal frequency for application to Modula-
tor 2,

The reason for two Modulators is to increase the modul2ating
ability of the Exciter at low frequencies. The two modulator
stages are driven in parallel from audio stages V116 and V117.
V107 through V114 are frequency multiplier stages., V107 through
V111l are single ended pentode stages, while V112 through V114
are push-push doublers., V115 is a power amplifier stage, which
is capable of producing 10 watts at output frequency of 88 to
108 mcs. The coaxial jumper between J101 and J102 connects
frequency multiplier stage V111 to V112, when Multiplex is

not in use, When Multiplex is used, the output of J10l feeds
into the Multiplex unit and the Multiplex unit feeds back to
the input jack, Jl02,

Stages V116 through V122 make up a conventional regulated
power supply with an output voltage of 320 volts, Maximum
current to be drawn from this power supply is in the vicinity
of 160 milliamps,

This unit has been properly tuned up at the factory. I1If the

customer desires a complete tune-up procedure for the M6095 Exci-
ter unit, it may be obtained by writing to the Gates plant.
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GENER4L
If the exciter has been properly tuned up, output power in the
vicinity of 10 watts should be obtained, If trouble is exper-
ienced along the way in the tune-up procedure, the fault can
usually be isolated by referring to typical test point volt=
ages given on a following page. There are five key test points
that are indicative of proper operation.

about -35 volts should be obtained at TP106, this indicates that
the pulse stages V101 thru V106 are properly operating,

about -2 volts should be obtained at TP108, this indicates
that V107 and associated circuitry is working O.K,

Approximately ,5 volts RMS RF voltage should be obtained at
TP113 and/or TPllh, this would indicate that the frequency mul-
tiplier stages V107 thru V111 are operating properly.,

around -7 volts should be obtained at TP118, this indicates
sufficient driving power to final amplifier stage V115,

If a defect is suspected, but can not be spotted, checking re-
sistance of the various tuning coils L101 thru L115 may locate
the trouble,

The proper resistance value of these coils is listed below along
with the capacitor values for comparison purposes. The measured
resistance should not deviate by more than about 10%, If the
accuracy of the voltmeter is not knowa, 2 comparison between
similar coils can be made, For example, the resistance of L1011,
L102 and L103 should be the same,

COIL DC RESIST.NCE CONDENSER V..LUE
.C10SS_COIL

L101,1102,L103 2

1 ohms 150 nmf,
L104,L105 9.6 ohms 100 mmf,
L106,L107 5.5 ohms 24 mmf
L108,L109 2.1 ohms 2L, mmf,
L110,L111 1 ohm See Schematic
L112,L114,L115 .12 ohm See Schematic
L113 +43 ohm See Schematic

Considerable deviation of resistance from the above given values
indicate either the wrong coil, shorted turns, open turns, or a
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change in value of some other component connected across the
coil.

The value of any other parts connected across the coils is to
be considered insignificant when compared to the DC resistance
of the coil.

COUPLING EXCITER TO 4 FOLLOWING ST..GE

It is preferred that the final amplifier of the exciter be con..
nected to an external dummy load of 51 ohms through a 51 ohm
cable while tuning, Tuning the final amplifier in this manner
is a good check on its proper operation.

When changing the RF output connection of the exciter from a
dummy load to & following amplifier stage an attempt should
be made to get a proper match to 51 ohms at the input to the
follower amplifier stage.

If the output coupling control, (C169) and plate tune (C167)

on the exciter urit, have to be considerably readjusted when
coupled into the succeeding amplifier stage, a major mis-match
of impedance is to be suspected at the input of the following
amplifier stage., This will result in considerable loss of
drive to the following stage and cause high standing waves to
appear on the inter-connecting coax between the exciter and the
following stage.

Most of the amplifier stages that will be used following the
M6095 exciter unit will not generally require the full 10 watts
of driving power. a 50 watt amplifier stage will require abous
2 watts of drive and a 250 watt amplifier about 4 watts of
drive.

In no case, should C167 (plate tune) or C169 (output coupling,
be de-tuned to reduce output power, This is equivalent to op-
craving V115 in an off-resonant condition and would damage the
tube eventually,

Output power can be reduced to almost zero by tuning R167 (ous--
put control, t> a counterclockwise position, This recuces screen
voltage to V115 and, consequently, the plate current which in..
creases efficiency to V115,

In some cases, B voltage of 320 volts will be tapped off of
TB101-6 to supply screen voltage to a following amplifier stage
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The external £320 volts should not exceed a drain of about 30
milliamps for continuous operation,

Reducing screen voltage of V115 by adjustment of R167 will drop
V115 current drain from about 60 milliamps for 10 watts output
to about 25 milliamps for 2 watts output. This extra current
may then be used for external purposes,

In summary, when-driving an additional amplifier stage from
the exciter unit, reduce output by adjustment of R167 and

keep Cl67 and Cl69 tuned for maximum grid drive in the follow-
ing stage.

V115 EFFICIENCY

an external jumper is provided on TB101l-5&6. 4n ammeter may
be connected in series with this jumper to measure V115 plate
current.,

Bf voltage has been previously set at £320. Power input to
the plate circuit of V115 may be calculated from the ammeter
and voltage readings. The voltage drop across R155 must first
be calculated, This resistor is in the cathode circuit of
V115, its value is 250 ohms,

The formula to use would then read:

Power input to plate circuit V115 = Ip X (Ep - (IR))

Where IR is the drop across R155
If, for example, the ammeter reading obtained when connected in

series with TB101-5 and 6 was 60 ma. and Bf to ground was £320
V.:

Power input V115 306 x (320 - (.06 X 250))
= ,06 X (320 ~ 15)

= ,06 X 305

.813 watts
iissuming an output power of 10 watts:

Plate dissipation V115 = Power input - Power output

e M6095 Exciter



< 18,3 - 10
= 8,3 watts

Efficiency of V115 Stage = Power output
Power input

10
W,

o 5#08%

These figures can be considered typical. If the output power
is not known, an efficiency factor of 55% should be assumed,

=10 M6095 Exciter
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TYPIC.L DC TEST POINT
VOLT.GES OF M6095 EXCITER UNIT
NO MODUL.TION. ME.SUHED WITH
20,000 OHMS/VOLT VOLTMETER

WITH DRIVE NO DRIVE
VOLTS VOLTS
P01 (—27i— 0
TP102 \712 #29
TP103 #1 £Alob
TP104 ;’54/‘ 0
TP105 /5.2 £15
TP106 -30 0
TP107 £60 £33
TP108 ‘43f2 0
N

TP109 461 £50
TP110 £72 £34
TP111 £68 £30
TP112 £133 £195
TP113 .46 RMS (H.P. Probe) 0
TP11L4 .42 RMS (H.P., Probe) 0
TP115 £113 £185
TP116 A140 £235
TP117 £227 £260
P118 (=26 0
TP119 7157 4187
TP120 £172 £172
TP121 £320 £320

Note: Readings for TP118 and TP119 were obtained with R155
output control full clockwise or maximum output position,
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PROOF OF PERFORM..NCE
Center Frequency, Noise, Distortion, Response

Proof of performance data as made by the Gates Radio Company
on FM transmitters can be likened to listening to the trans-
mitter on a high quality receiver. This tends to "prove-out"
the transmitter since measuring and listening eduipment is
completely external to the transmitter proper and the RF sig-
nal is taken from "off-the-air®,

Instead of a receiver, an FM monitor of good quality and FCC
approved is used. Reference to drawing A-4165 will show the
general test set up for making proof of performance measure-
ments,

First off, a sample of the transmitted RF is coupled to the
modulation and frequency monitor, This is taken from the an-
tenna, transmission line or from the Pai chamber. The method
uscd is determined somewhat by the amount of power needed by
the monitor (usually about 1 watt) and by the output power of
the transmitter., For low power FM tranamitters up to perhaps
250 watts, a sample of RF may be taken by "tapping" off the
output transmission line with a variable condenser in series
with the coexial line going to the monitor, This has the dis-
advantage though of introducing a slight mismatch back into
the transmitter. Usually, it is impossible to obtain enough
power to drive the monitor from the antenna without introducing
another amplifier ahead of the monitor to raise the receiver
signal up to the necessary level, 1In higher powered trans-
mitters, a monitor loop is usually coupled to the final ampli-
fier section to sample 2 portion of the transmitted output,

A good quality audio oscillator of 600 ohms output impedance
is then connected to the audio inout terminals, These are
TB101-1,2 and 3 on the exciter unit with terminal #3 being
ground, Output level requirements are at least £10 DBM,
Since the exciter itself is capable of generating o frequency
modulated carrier with distortion ranging as léw as ,2% the
audio oscill~tor must be in good working order,

A4 distortion analyzer or mcter is connected to the audio output
terminals of the monitor. un oscilloscope while being an op-
tional item in making measurements is very helpful in tracing
any possible difficulty,
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The complete method used to adjust the exciter for proper
response, distortion, noise and etc., will now be given as

it is done at the Gates factory. Proper proof of performance
adjustments at the factory are made only after complete tune-
up has been done. dfter the customer receives the unit, any
part of the measurements may be made without undue effect
upon other measurements.

411 proof of performence measurements should be made with
Shield covers in placec,

SETTING C..RRIER FREQUENCY

It is desirable to first set the exciter unit to proper carrier
frequency. This should be done first, not only because it is
desirable to have the unit on proper frequency, but if the car-
rier is several thous2and cycles off center, undesirable beats

may occur within the monitor. This will cause noise readings and
may effect apparent frequency response,

Usually, all that is required to place the exciter unit on proper
center frequency, is to sample a vortion of the RF output with

a good freauency standard and adjust ClO4 (frequency adjust con-
trol) until the frequency standard shows proper frequency.

Occasionally, 2 crystel may be used that can not be set exactly
tu center frequency by means of Cl04 alone. also, a crystal

that was originally on prover frequency may drift off the range
of Cl04 due to ageing. 'then this happens additional frequency
adjustment may be made by varying the value of C105, This cap-
acitor controls the amount of feedback to the crystal. Increas-
ing the value of Cl05 lowers the carrier frequéncy and decreasing
the value of ClO5 raises the carrier frequency.

With the value of Cl05 set at the optimum value of 150 PF, vary-
ing Cl04 (frequency 2djustment control) from minimum to maximum
will cause the center frequency to vary approximately 30,000
cycles. OChanging the value of €105 from 150 PF to 50 PF will
raise carrier frequency about 10.000 cycles., Changing C1l05

froT 150 PF to 250 PF will lower carrier frequency about 3,000
cycles,.

DISTORTION ME..SUAEMENTS AND .ADJUSTMENTS

after the exciter unit has been properly set to carrier frequency
distortion adjustments are made, Set the modulator selector
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switch (S2) in the modulator #2 position. Set the audio oscilla-
tor frequency to 30 cycles and modulate the exciter with £14
DBM, Next, adjust Cll9 so that the FM monitor reads 70% modu-
lation, Distortion adjustment control (R126) is then adjusted
for best distortion. If R126 is considerably away from the
proper adjustment point, it may be impossibile to obtain the de=
sired level of modulation or the waveform obtained may be com=-
pletely torn up. If such is the case, adjust R126-for minimum
distortion while modulating somewhot less than 70%, say, -
bout 50%. Then, reset the level on the audio oscillator to
#14 DBM and adjust C119 and R126 as described above, Then place
the modulator selector switch in the modulator #1 position, and
follow the procedure just described to adjust modulotor #1, 1In
this case, however, the capacitor adjustment is Clll and the
distortion adjustment control is R1l15,

If it is impossible to reduce distortion at 30 cycles, it is
advisable to check just the audio portion of the exciter unit
and/or the audio oscillator itself. The audio portion of the
exciter consisting of tubes V116 and V117 may be checked by
running test leads from TP120 and TP122 or TP123 to the input
of the distortion analyzer, Distortion as measured a2t TP120
should be well below ,5% at any audio frequency., If distor-
tion from the audio section is 0.K. but overall distortion as
measured from the monitor is not, then the waveforms of the
pulse circuitry should be checked. Typical waveforms of V101
thru V106 are given on drawing 826 7991 001,

100% modulation should occur at an input level of approximately
£10 DBM from 30 to 1,000 cycles. This input level will cause
an RMS audio voltage at_JP120 of about 15 wolts., If an input
level of #£10 DBM does not generate an RMS voltage of about 15
volts at TP120, then a defect in the audio section may be sus-
pected., If sufficient RMS voltage exists at TP120 and the ex-
citer will not modulate 100%, thena.defect in the modulator or
previous stage should be suspected.

In any FM system worse distortion occurs at the lowest modu-~
lating frequency. In other words, if distortion is 1% at 30
cycles then the distortion c2n be expected to be better at all
higher modul2ting frequenci:s. Occasionally, a high distor-
tion figure may result between 10,000 and 15,000 cycles. The
fault will not generally lic in the modul&tor stage, however, it
could lie in the audio section,
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If hiéh distortion is present_at the hi%her modulating fre-
quenciés only, it can usually be traced to one of threé causes.

1ls High FM or AM noisse.

2% Insufficient bandwidth in the frequency multiplier
stages.

£ Frequency and modulation monitor not correctly tuned to
carrier frequency,

A standard FM monitor contains de-emphasis circuitry that
causes lower modulating frequencies of 30 to 1,000 cycles to
come out of the monitor with an apparent advantage  of around
15 to 17 DB over the audio that is recovered 2t 15,000 cycles.
If noise is down only 40 to 50 DB with respect to 100% modula-
tion at 400 cycles, it will usually not prevent a good distor-
tion reading at a low modulating frequency. However, if fre-
quencies between 10,000 and 15,000 cycles are 15 DB lower in
amplitude then 400 cycles, the noise with respect to these
frequencies, will only be about 30 DB down. This would corres-
pond to the 3% distortion range on a distortion analyzer. A
quick check to determine whether noise is causing an apparent
high distortion reading is to remove all modulation from the
input to the exciter or transmitter. If the distortion meter
needle does not drop apnreciably a noise measurement should be
mede on the exciter,

If bandwidth is insufficient in frequency multiplier stages,
some of the higher frequency sidebands will be clipped causing
undue distortion. &4 complete re-tune up is then recommended.

Mis-tuning of the monitor will also cause some clioping of side-
bands at higher frequencics. In addition, beat frcquencies may
be present that show up as noise and prevent a good distortion
reading.

Once set, the distortion controls K115, Cl11, R126 and Cl119 may
not have to be re-set for the life of the the exciter unit,
Changing modulator tubes will probably not cause distortion
figures to change by more than .1 or .2%. There are exceptions
to cvery rule though,

OVER.LL FutEGUENCY RESPONSE

If the exciter unit is used in the FM broadcast band of 88 to
108 1iC or 2s the aural exciter unit for TV transmitters, over-
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all frequency respon hould follow the microscecond curve
shown og dra%ing Egmgf78. }n ot%er frequzgcy ranges, it may

be desirable to have the overall frequency responsc flat,

Several methods of making frequency response measurements using
an FM monitor are available. Two will be described; the simp-
lest is to set the audio frequency at about mid-range, say 5000
cycles, and modulate the exciter the proper amount, in this
case the prover modulation level would be 35%. Keeping the in-
put audio level constant, the frequency may then be adjusted
upward to 15,000 cycles and then downward to 30 cycles. Using
this method the response will seldom rise above the curve and
mekes it easy to calculate the pergent or decibel error. For
example, if at 15,000 cvcles modulation the modulation monitor
reads only 80% modulation, it can be quickly seen from the
drawing ES-6170 that the response is 2 DB below the normal curve.
The same reasoning may be applied to the low end of the curve,
If the input attenuator is calibrated in small steps, it is
also possible to determine the amount that the audio input has
to be increased to bring the monitor up to the required per-
centage of modulation at any modulating frequency.

Another method of measuring frequency response involves keeving
the percentage of modulation constant as read on the monitor.

To use this method the audio oscillator output must be accura-
tely calibrated. To start with, the carrier should be modulated
100% at LOC cycles, changing the audio frequency from about 30
cycles to 400 cycles should not change the percentage of modula-
tion appreciably. If the moduleting frequency is raised upward,
say to 5,000 cycles. theinput level must be reduced to keep the
percent of modulation at 100%. For 5,000 cycles the amount of
reduction should be 8.2 DB, For 15,000 cycles the amount of re-
duction of input level should be 16,9 DB. Recording the amount
of reduction of the input level versus modulating frequency and
reversing the sign of polarity, will give the curve and frequency
resgonse. This can then be compared to the curve of drawing
ES-6170.

The second suggested method is particularly useful when response
measurements are being made at 25 and 50% modulation levels, or
when a standard FM monitor is being used to measure response of
an exciter being used to gzenerate the aural carrier for a TV
transmitter where normal 100% modulation is £25 KC. This will
correspond to 33-L/3% modulation on a standard FM monitor for
the FM broadcast band of 88 to 108 MC.
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Seldom will any difficulty be encountered in coming close to the
standard 75 microsccond curve between 400 and 10,000 cycles.,
Generally, if troubles develop with response it will show up as
being 2 or 3 db down 2t 15,000 cycles. a frequency compensating
capacitor has been incorporated in thc audio amplifier section
to take care of just such a contingency. Cl170 affects response
between 10,000 and 15,000 cycles. Increasing the value of C170
raised the frequency response between 10 and 15,000 cycles, De-
creasing the value of C170 drops frequency response between 10
and 15,000 cycles,

Stagger tuning L103 will also help response at 15,000 cycles a
DB or so, when this is done a voltmeter should be connected to
TP108 and the amount of staggering of L103 should not reduce
the negative voltage observed by more than .5 volts.

FM NOISE

FM noise is measured with respect to 100% modulation at 400
cycles. To make this measurement, modulate the exciter 100%
at 400 cycles and set a reference level on the distortion an-
alyzer. Remove all modulation and read the FM noise on the
approoriate scale. FM noise of the exciter unit can be expec-
ted to approach 70 DB or better.

If FM noise is high the audio section is the most logical place
to start looking. Removal of the last audio tube V117 is a
quick way of checking if the trouble is in the audio. The next
best bet is the power supply. Hum and noise voltage of the
power supply should be between 85 and 90 DB down with respect
to £320 volts DC, If these two places fail to show any defect
the noise is probably originating from the pulse circuits

V101l thru V106, Stages after V106 are unlikely to cause FM
noise,

a}M NOISE

aM noise is measured or referenced with respect to 100% ampli-
tude modulated wave, This .M noise usually consists of 60 or
120 cycle hum superimposed upon the carrier, There 2re several
ways of making this measurement. Some FM monitors have a pro-
vision for making this mcasurement. This measurement should be
made with no modulation present.

4M noise as measured from the exciter unit is usually so low as
to be difficult to measure. It will generally be better than
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70 DB, If AM noise is high, it can actually oricincte in most
any stage. However, if, upon analyzing the type of noise, it
is found to have 2 basic 120 cycle component the power supply
should be suspected. If the noise appears to be mostly a 60
cycle component a heater to cathode leak in any stage should
be suspected. 4 loose connection in any stage will cause the
aM noise to rise when the exciter cabinet is jarred, A point
often overlooked when making AM noise measurements is the samp-
ling loop or device. For ex-mple; if the RF sampling loop is
mounted in a Pa chamber where blower vibration is apt to occur,
this vibration will show up as high AM noise, if the sampling
loop is not securely mounted.

TYPIC.L PROOF OF PERFORM.NCE HE.DINGS

If the exciter unit has been shipped as an individual unit the
complete test data sheet will probably have been filled out and
included in this section. If the exciter unit is part of a high
power transmitter the test data sheet is included with the
overall instruction book., 4 set of typical readings for

proof of performance is given below:

Carrier Frequency, 0O.K.

Distortion at

100% modulation Response with reference
to standard 75 micro-
second pre-emphasis curve

30 cycles 1.75 -137 B
50 cycles +85 - @2
100 cycles « 56 £ o5
LOO cycles o7 £ .8
1000 cycles ob2 £ .8
2500 cycles .38 £ o5
5000 cycles ¢ 34 £ ook
7500 cycles «58 £ &3
10,000 cycles 58 £l
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15,000 cycles 48 ~ 1L
FM Noise: -68 DB
/M Noise: Better Than -70 DB

MAINTENANCE

Since moving parts are at a minimum in the exciter unit routine
maintenance is a simple procedure, The few moving parts that
are used, such as, variable capacitors, potentiometers and var-
iable inductors will perhaps stay set in one position for the
life of the exciter unit., The one exception to this would be
C103 the frequency adjust control.

Because routine maintenance is used to prevent trouble and not
start it, it is not deemed advisable to poke and pull at every
component part at a pre-arranged time, Tubes are the most like-
ly components to go bad. A routine testing of all of the tubes
at least once every six months is recommended,

Onc of the best ways to foretell trouble is by test point
voltages. These are recorded on the factory test data sheet.,
When the exciter is first received and placed into operation,
it is advisable to go over these test point voltages and re-
cord the reading obtained., The test point voltages should
then be checked weekly or monthly. A substantial variation
from the original recorded value would indicate a failing
tube or other component in that circuit. These voltage
measurements should always be made with the same meter

since a normal 10% variation from one meter to the next

may be expected,

an occasional check on the noise, distortion and response
with a test set up such as shown in drawing a-4165 will
probably reveal an eminent failure of one of the audio
stages or one of the pulse stages V101 thru V106,

When tubes are checked a2nd replaced, it is wise to replace
them in their original sockets. If V113, V114 or V115 is
changed, it may be necessary to retune associated circuitry
for best performance.

TROUBLE SHOOTING

It would be impossible to list every failure and possible
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cure that might occur in the exciter unit. The same thing-
m2y be said of any other piece of electronic gear. However,
90 to 95% of all failures can perhaps be predicted with a
few possible clues listed that may help in locating the defect,

Failures or difficulties that may occur in the exciter unit
can be divided into two broad categories,

1, Problems associated with carrier only,
R Problems associated with modulation of carrier.

Problems associated with carrier only can be sub-divided into
several groups.

i, No carrier (no power output)
B, Low Carrier (power output low)
Ce. Intermittent carrier

D, Oscillation

E. Carrier off frequency

Problems associated with carrier only will now be discussed
and possible remedies and trouble shooting hints suggested.

NO C.KRIER

Of the many problems that can occur, this perhaps is the most
serious and yet the easiest defect to find. When this hanpens,

a tube has usually gonc completely dead., i comparison of test
point voltages with those given at the end of the complete tune-
up procedure, test dzta sheet or voltages recorded when the unit
was working propcrly should reveal the defectivec stage. The
difference in test point voltages with and without drive is in
the most chses quite pronounced, When a tube has gonc complctely
sour or dead, voltages noted at test points located in the plate
circuit of that particular tube will rise up to the full plate
vrltage of £320 volts. If the tube is drawing excessive cur-
rent, the voltage noted 2t the test point will be extremely low.
i failure of any circuit from oscillator stage to power amplifier
stage will, of course, cause loss of carrier., The power supply
itself should not be overlooked.,
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To auickly isolate the trouble to a single general area the
following procedure could be followed,

1, Check to see if Bf voltage exists at TP121,

2. Check the negative voltage at TP106, = reading of about
-35 volts here indicotes V101 thru V106 are operating properly.

3. Check negative voltage at TPl08, L4 ncgative reading
here from -2 to -3 volts indicates that the grid of V108 is
receiving drive from previous stages,

Lo Check RF voltage at TP11l3 and/or TP1llLi. 4n RF voltage
here of about .5 .volts RMS indicates that there is sufficiment
drive up to this point.

L3 8 Check negative grid voltage of V115 at TP118, 4 read=-
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