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. WARRANTY

Seller warrants new equipment manufactured by Gates Radio Company against defects in material or work- °
manship at the time for delivery thereof, that develop under normal use within a period of one vear (6 months
on moving.parts) fram the date of shipment, of which Purchaser gives Seller prompt written notice. Other
manufacturers’ equipment, if any, including electron tubes, and towers shall carry only such manufacturers” e
standard warranty. -
Seller's sole responsbility for any breach of the foregoing provision of this contract, with respect to any®
equipment or parts not conforming to the warranty or the description herein contained, is at its option, (a) to"
repair or replace such equipment or parts upon the return thereof f.0.b, Seiler’s factory within the period:;
aforesaid, or {b} o accept the return thereof f.o.b. Purchaser’'s point of installation, whereupon Seiler shall/i
either {1) issue a credit to Purchaser's account hereunder in an amount equal 1o an equitable portion of the .,
total contract price, without interest, or (2) if the total contract price has been paid, refund to Purchaser an :
equitabie portion thereof, without interest. "
i
IT the Equipment is described as used, it is sold as is and where is. 1f the contract covers eguipment not ;

owned by Seller at this date it is sold subject to Seller's acquisition of possession and title,
4

Seller assumes no responsibility for design characteristics of special equipment manutactured to specifications
supplied by or on behalf of Purchaser. .

Seller shall not be liable for any expense whether for repairs, replacements, material, service or otherwise, |
incurred by Pyrchaser or modifications made by Purchaser to the Equipment without prior written consent -
o7 Seller.

EXCEPT AS SET FORTH HEREIN, AND EXCEPT AS TO TITLE, THERE ARE NO WARRANTIES, OR,
ANY AFFIRMATIONS OF FACT OR PROMISES BY SELLER, WITH REFERENCE TO THE EQUIPMENT, -
OR TO MERCHANTABILITY, INFRINGEMENT, OR OTHERWISE, WHICH EXTEND BEYOND THE DE- 4
SCRIPTION OF THE EQUIPMENT ON THE FACE HEREOF. )

RETURNS AND EXCHANGES

——aer.a R

Do not return any merchandise without our written approval and Return Awuthorization. We will provide {
special shipping instructions and a code number that will assure proper handling and prompt issuance ofi
credit. Please furnish complete details as to circumstances and reasons when requesting return of mer- }

chandise. Custom built equipment or merchandise specially ardered for you is not returnable, Where retum’:

is at the request of, or for the convenience of the customer, a restocking fee of 15% will be charged. AII‘-
returned merchandise must be sent freight prepaid and properly insured by the customer. When writing to*:
Gates Radio Company about your order, it will be helpful if you specify the Gates Factory Order Numbef--

or Invoice Number.

WARRANTY ADJUSTMENTS

ST Y

1}

In the event of eqmpment fallure during the warranty period, replacement or repair parts may be prowded
in accordance with the provisions of the Gates Warranty. In most cases you will be required to return e
defective merchandise or part to Gates f.o.b. Quincy, lllinois for replacement or repair. Cost of repau*
parts or replacement merchandise will be billed to your account at the time of shipment and compensatmg'
credit witl be issued o offset the charge when the defective items are returned. {

?

MODIFICATIONS

Gates reserves the right to modify the design and specifications of the equipment shown in this catalog;
without notice or to withdraw any item from sale provided, however, that any modifications shall not ad-i
versely affect the performance of the equipment so medified.
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INSTRUCTIONS FOR INSTALLING AND QPLRATING

GATES Fl-1B TRANSMITTER, M5597

I.B. #888 0593 Q031 . Gates Radio Company
4/26/61., wuingy, Illinoils




ADDENDUM
. FM - 1C
POSITION OF ANODE CONNZCTOR STRAP

The position of the anode connector straps in relation to
the plate lines will effect the frequency at which the plate
will tune. If difficulby in gebtting the plate to hit fre-
quency is experienced with the shorting bar at its factory
setting, these straps should be dressed differently until
plate will tune. (Closer to lines will raise frequency.)

REFERENCE: PAGE 5, FIRST PARAGRAPH

With reference to grid voltage measurement at TP401l, the
test point on the driver panel, this voltage will be ap-
proximately 10-20 volts with voltages rvemoved from the
driver unit. This is szccomplished by removing the plug
on the 600 volt rectifier stack on the €00 volt supply.

BE SURE THEZ ENTIRE TR.NSMITTER IS TURNED OFF BzFORE
REMOVING THIS PLUG.

REMOTE CONTROL

A1l remote control nmetering and OFF«ON fungtions are built
into the FM-1C., All that is necessary to gompletely remode =
control the bransmitber is the addition of the motor driven
rheostat (M4703C), which will be supplied on special order.

.

6/11/62 Gates Radio Coupony
Quincy, Illinois



e FM HARMONICS IN THE TV BAND

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

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

affect only Channels 8 and above -—--— look at the chart.
TV Channel Picture Frequency Band ~—-Mc -~ Sound Frequency
7 175.25 to 179.50 197,75
8 181.25 to 185.50 185.75
9 187.25 to 191.50 _ 191.75
10 193.25 to 197.50 197.7%
11 199.25 to 203,50 203,75
12 _ 205,25 to 209.50 209.75
i3 211,25 to 215.50 215.75

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

Correct FM Harmonic Radiation

The FCC stipulates that transmitters of 3000 watts power and over must have
a harmonic attenuation of 80 db. For 1000 watts, 73 db., and for 250 watts,
66.9 db. All reputable manufacturers design their FM transmitters to meet.
or exceed these specifications. .

Fringe Area TV Strength Versus FM Harmonics

Let’s take a typical FM station that radiates 70,000 microvolts per meter at

1 mile. At 80 db. harmonic attenuation (as called for by FCC), this station will
radiate approximately 7 microvolis per meter at 1 mile on the second harmonic.
In the case of our Channel 11 example, it is estimated that a fringe area TV
station from 60 to 90 miles distance would have a signal strength of from 5 to
25 microvolts per meter. It can then be easily understood that a 7 microvolt
signal, well within FCC specifications, would definitely interfere with the TV
signal, yet with the FM broadcaster’s equipment performing normally.



This is sometimes further aggravated by the FM station being located between
the TV station and the TV receivers. In this instance the TV antennas are
focussed not only on the TV station but yotir FM station as well. The home

TV antennas are beamed at your legal second harmonic as well as the iringe
TV station.

What To Do

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

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

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

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

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

Sumrmary

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

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

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

Gates Radio Company
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Power Qutput:
Frequency Rangé:

R.F. Output Impedance:
Type of Oscillator:
Frequency Stability:
Type of Modulation:
Modulation Capability:

Audio Input Impedance:

SPECIFICATIONS

FM~1E  M5597

1000 Watts

88 to 108 MC.

50 ohms

Direct Crystal Controlled

£ .001%

Fhase shift employing pulse techniques

100 KC -
75 KG considered 100% modulation

600 ohms

Audio Input Level for 100% Modulation: # 10 DBM £ 2 db

Frequency Respones: -

Distortion at 100%
Modulations

Noise:
Fower Input:

Tubest

R.Fe Qutput Connector:

Sizes

Weights
Cubagé:
1,/26/61

Within 1,0 db of standard 75 micro-
second pre~emphasis curve, or flat
£ 1,0 db 50 to 15,000 cycles which-
ever is desired, {specify)

1% or less 50 to 100 cycles
5% or less 100 to 10,000 cycles
1% or less 10,000 %o 15,000 cycles

65 db below 100% modulation ({FM)
5o db below equivalent 1007 (AM)
modulation

230 volts, 50/60 cycles, single phase
three wire, 5 KVA demandy 115 volts,
50/60 cyles single phase, 580-watts,

7 « H6AUL 2 « 673

L = 124X7 1 - 6360

3 - 6J6 1 « 64Q5

2 - 042 1 - 6080

2 - 6146 1 - GZ3L/5ARA
2 - L=l,004 1 - 5RAGYA

1 - 12AT7

7/8 inch coax flange

Width « 24 in, {less end bells), 27 in,
{(with end bells), Hecight - 78 in,
Depth « 361 inch,

Facked - 1140 1lbs, Net 880 1lbs,

34 cu, ft, unpacked

ol FM~1B, M5507



DESCRIPTION

The Gatves Fr-13 freguency mecdulated broadcast transmitter will
provide 1000 watts of freguency modulated power to a properly
designed antenna and transmission line system on any frequency
frem 88 to 108,Mc. Characteristics obtained, in any proper
installation, will exceed those reguired by the FCC for FM
broadcast service.

The basic units of the FM-1B are: exciter, driver and power
amplifier.

a) The exciter unit (F5534) is capable of 10 watts
output and is the basgic exciter used in a1l of
Gates T eguipment.

b) The driver unit (1M5675) is capable of 50 watts
output and is link coucled to the input of the
power amplifier,

c) The power amplifier of the F¥~1B consists of two
4-4004a power tetrodes coperated in a push-pull
cireulit. uarter-wave lines are employed in
the plate circuit for maximum stability and
efficiency. '

The MS534 exciter used in this transmitter employs a phase shift
modulator with pulse timing technigues and may be Qdapted to
single or dual channel multlylexL“g on a plug-in basis, with
blank panel space provided for the addition of the multiplex
unit,.

An important feature of this transmitter is the lack of freguency
multiplication after the exciter, This aids in helping to elim-
inate spurious freguencies and givss protection to tube life, as
power type tubes in doubling or tripling operation are not always
operated at their most stable 1ife lengthening conditions.

Mechanically the FM-1B has been designed to be esslly maintzined.
Ready accessibility to a1l parts is accomplished by lift-~off
type doors. The sides of the cabinet may be sasily removed

by removing two screws from the holding bracket from the bol-
tom of the side panels and Llifting the side panels off,.

The control panel for the FM-1B ccnsists of the OFF-ON switches,
for the line voltages, the OFF-0N switches for the plate voltage,
various indicator lights, the local remote switch, the tune
cperate switch and the overload reset switch.,

The meter panel for the FM-1B is hinged and may be lifted up DY
first loosening the fastener one quarter turn using a screw-
driver or a coln and then lifting the meter panel up.. This
will give accegs to meter terminals and wiring of the reflecto-
meter or Micromatch switching section.

4/26/61 . g Fri-1B, M5597



THEORY OF OP#ZRATION

With the pressing ef S502 the low voltage ON button, primary
voltage is applied to the exciter, the blower, the fan and the
low voltage power supply. Filament voltage is also applied to
both PA tubes; rectifier tubes,and voltage is applied to the
control circultry. The exciter has its own power supply and
DC voltage is applied to the exciter when its power supply
comes up to operating temperature. The exciter power supply
also supplies voltage for the driver screen. The low voltage
supply supplies voltages for the driver plate and the ampli-
fier screen, With switch 8512 in the grid position, about a
minute after 5502 ig pressed grid current will appear on the
PA gird current meter, which is the second meter Ifrom the lelt
on the cabinet meter panel. This meter should indicate 16 to
25 mils of grid current.

The low voltage powsr supply alsoc supplies the screen voltage
for the power amplifier, however, the DC path is broken through
a set of contacts on K503, which is the high voltage contactor.
By pressing the high voltage ON button 3506 both plate and
screen voltage zre applied to the power amplifiex.

The function of S518 is a "local-remobte" switch, with the switch
in the "remote" position the fail-safe relay in the remote con-
trol unit acts as the holding conbacts for K501, which is the
line contactor. With 3518 in the "local" position the holding
contacts on K501 are operative and the rewote control unit is
disconnected from the transmitter.

The function of S519 is the "tune operate" switch, In "tune"
position 8519 dissbles tThe automatic recycling unit so the
transnitter is on complete manual control. The theory snd
operation of the automatic recycling unit is covered in a
separate set of instructions which are part of this Iinstruc-
tion book. '

The function of S517 "overload reset" is the resetting of the
plate overload relay K505. Jf S519 is in the "tune" position
the transmitter experiences an overload, S517 must be pressed
to remet K505 before plate voltage can again be applied te the-
amplifier. Overload relay K505 ig in a "lock out" type of
circuit. I¥ 8519 is in the "operate" position the resetting
of the plate overload is automatically taken care of in the
recycling unit, '

To multiplex the Gates FM-1B is a relatively simple mabtter. The
main channel exciter was specifically designed with multiplex in
mind. Space has been provided directly below the exciter for the
placing of the multiplex unit. A minimum amount of connections
are necessary to connect this unit to the main channel exciter.
Connections necessary are a coax connector to the multiplex
exciter in the multiplex chain., This is done on the front panel
of the two units. Other connections necessary are power from
115 volt scurce. This can be taken off 115 volt terminals of

4/26/61. —F FM-1B, M5597



the main channel exciter and the connecting of the audio to the
terminal board on the multiplex unit completes the necessary
wiring, The multiplex unit is capable of handling two sub-
channels and, therefore, there are two audio input terminal
arrangements available on the terminal board of the multiplex
unit. . :

Since the power contactorsare non-circuit bresker types, they
require a momentary ON and a momentary OFF type of function te
operate them, the transmitter is easily remote controlled.

UNPACKING AND READYING FOR OPERATION

The FM-1B 1s carefully checked and packed at the Gates plant
to assure that safe arrival at its destination in proper elec-
trical and mechanical condition.

Tests of many different kinds are made at the factory and the
unit is operated for several hours to assure correct adjustment
and proper operating conditions.

Certain large components are removed from the unit and shipped
separate to assure safe bhandling. The components removed are:
501, 1501, 1502, C501 and C502., Wires are numbered or tagged
as a gulde for replacement of these parts. Photographs are
supplied to assist in the proper placement and orientation of
the components that have been removed for shipment.

After the FM-1B has been received and unpacked, it should be

carefully inspected for any mechanical damage. If any damage
is noticed to any section of the equipment, a claim should be
filed immediately with the delivering transportation company

and necessary replacement items ordered from the Gates Radio

Company.

It is a good precautionary practice to completely go over the
equipment to check for loose connections, loose components,
broken insulators, etc., that might have become loosened or
damaged in shipment. Make sure all relay contacts are free
and in good mechanical operation. Meke sure all mechanical
connections are tight.

The power contactors are either tied down or blocked sufficiently
to keep them from vibrating during shipment. These should be
checked and the shipping material removed.

A good overall visual'inspection may save much time later in
getting the transmitter to operate correctly.

INSTALLATION

In advance of actual placement and adjustment of the transmitter
certain preliminary planning should be done. The use of drawing
C-79128 and 81% 5901 001 will assist in locating the power and
audio input leads and the power output from the transmitter.

4/26/61., ~4— F1-1B, M5597



The following should be arranged in advance of actual instal-
lation work.’

"1, Leads from a low reactance power source of 250
volts, 60 cycle, single phase and 115 volts,
single phase, 60 c¢ycle 4C lines should be run
in conduit underncath the proposed location or
platform.

The wires should be at least #6 for 230 volts,
60 cycle, sin le phase and #12 for the 115 volts,
60 cycle, single phase for best regulation.

Running these powsr sources in lead enclosed wires
or in a steel conduit is highly recommended to ob~
tain both audic and radio frequency shielding near
the transmitter.

2. To asgsist in keeping BEF currents in nearby audio
equipmant to & minimum, a good ground at these
freguencies is mandatory. One of the best known
methods of doing this, is the installation of &
sheet of coppsr for the ground system beneath
the complete transmitter layout. RF usually
shows up in one or both of two ways, fesdback
or high noise lovvel. It should be pointed out
that even a small amount of wire unshielded is
a very effective antenna at M frequencies in
transferring RF to the grid where it is recti-
fied and passed on as noise or feedback. It is
preferable to have a single common ground poind
from the transmitter copper shield to a good
ground.,

OPsRATING AND TUNLE UP PROCLDUAE

Before attempting to tune the transmitter, make sure it is con-
nected bo a transmission line and antenna that will present a
nominal load of 50 ohms or a non-~reactive load with the proper
power hendling capabilitics.

Before tuning the transuitter, refer to the factory test data
sheets and check all dizsl readings bto correspond with the data
given on ths fuctory test data sheets,

Switch 8518 should be in the "local" position, switch 8519
should be in the "tune” position.’

After the installation is complete all input and output cables
have been connected znd the crystel oven has been operating for
two hours or more punching the low volbage "ON" bubtton applics
primary voltages to all of the filaments, control circuits, the
fan, the blower and the low voltage powsr supplies., Provisicn

4/26/61.. =5 FM-1B, M5597
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is made on the driver panel for metering the grid bias voltage
of the driver oy mcans of a test polunt on the Tront panel, A
meter such as a Simpson lModel 260 or wyuivalent may be used,
With the negative lead plugged into this test point and the
positive ilead grounded, a rise in grid voltage will be observed
as the excltdr comes up to operating temperature. This voltage
should be approximately 15 to 20 volts. This is & good check
on the exciter opesration. Ploce switch 3512 which is the test
meter switch located on the bvottom center of the amplifier
panel, in the grid position, which is exbtreme counterclockwise,.
Tune the grid circuit to resonance with control marked “grid
tuning™ and observe grid current on M50Z, this should be ap-
proxi.ately 16 to 25 mils of grid current.

Press the high voltage ON bubtton and tune the amplifier te
resonance with the control nmarked “plate tune" and observe
plate current on meter ¥>0%., It may be necessary to go back
and re-resonate the grid circult after high voltage is applied.

Load the amplifier to the required power by the control marked
"RF output® turning control clockwise increases loading and
counterclockwiss decreases loading. Observe power output on
meter M505 which has been calibrated at the fuctory and reads
power belng deliversd out of the transmitter to the transmission
line. This meter has been calibrated and its caliibrating con-
trols locked in place and should not be tampered without exprsss
aubhorization from the Gates Radio Company.

NEUTRALIZATTON

Tuning of an FM transmifter in the frequency range of 88 to 108

Mes, offers greater difficulfties in regard to tuning various

circuits tharn is normally encountersd irn the lowsr AM frequencies.
This is manifest in greater reaction between various circuits
caused by small inductive and capacitive reactances that can
normally be ignored at the lower freguencies, but which can .
become increasingly important at these high fregquencies. There~
fore, when tuning a high frequency transmitter, 1t is well to
constantly re-check the préevious adjustments as tuning progresses,
The transmitier hog besn froperly acutralizsd at the fectory on
the customer's frequency with a 50 ohm non-reactive load. Due

to rough handling during shipment neutralization may be affected.
Improper neutralization is indicated by several abnormzal condi-
tions showing up in the operation.

1. When the grid current does not rise $o maximum or
near maximum simultanesously with a dip in plate
current as the amplifier plete tank is tuned through
resonance.

2. If excitation is removed from the amplifier and

the PA grid relay does not open, this indicates
oscillation in the power esmplificr itself., This

4/26/61. - FM-1B, M5597



self-oscillation produccs grid current which

holds the grid relay K506 closed, this keeps

the plate voltage applied gllowing the ampli-
fier to continue its self-opscillatiocn,

% If the balance control R504 and R505 does not
enable the two plate currents to maintain a
balance within 107, this condition w111 indi-
cate improper neutralization.

4 A radical change in PA grid current from the
value given on the factory test data sheet.

5. Spurious radiation detscted across the band,

The neubtralizing controls have been brought out to the front
panel of the amplifier to a specia al machined bushing. In the
center of this special bushing is a shaft with a machined
screwdriver slot. It will be noted that on both this special
bushing and the internal screwdriver slot shaft, there are
two black dots. These two dots arc aligned in a vertical
position when the neutralizing capacitors are af maxXimun
capacity,

It will also be noted that on this speecial bushing is a red
dot which will appear directly o.yo0site the black dot on the
movable portion of the shaft. This red dobt, on the special
machined bushing, indicates the location of the neutralizing
capacitors as they were set at the factory. These marks will
serve as a good starting place if complete re~neutralizatvion
is required,

If any of the aforecmentioned conditions are observed when the
trangsmitter is first placed in operation, this indig¢ates that
re-nevtralization is in order. This is accomplished as follows:

1. Turn the high voltage OFF.
2e Remove the bottom cover from the PA {ank,

Be Loosen the locking nubs on the mear of thg
neutralizing capacitor slightly, so that
the capacitor shaft will turn free with a
slight drag on the shaft.

4, Remove one of the plate caps from the high
voltage rectifier, so as to reduce the plate
voltage.

5. Replace the bottom cover plate on the amplifier
tanlk.

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

4/26/61.. . Fli-1B, 15597



7 If improvement results, adjust the other
capacitor the suav amount in the sane
direction and again re-check for ncutrall-
zation. '

8. . Continue this procedure step-by-step rotating
capacitor 0303 and C308 in the dirsction that
indicates the proper neutralization.

2. Replace the cap removed on the high voltage
rectificr for normal operation and re-check
neutralization.

10. Remove the bottom cover of the amplifier tank
and re-~tighten the locking nuts on the rear
= of the neutralizing capacitors, being careful
not to move the adjustment while these locking
nuts are being tightened.

GENERAL INFOAMATION

There are some facts about the power amplificr that should be
known nd remcmbered that will help in good operation of the
eguipmpent and contribute to best operating results.

Tuning of the plate circuit changes the effcctive elecctrical
length of the plate tenk. Increasing the sgacing bobween the
tuning and the plate tank linvs lengthens the e¢ffective length
of the plate tank and lowers the freguency; decreasing the
spacing will raise the freguency.

Switch 8510 locatsd on the power amplifier pansl in the lower
left hend corner is provided for checking individual cathode

currents of V301l and V302 as well as the total plate current

on both these tubes..

The balince conbrol E504 and R505 is provided on the front
panel to enable the operator to maintain a balence in plate
currsnts.

3510 is used for relative balance indication of plate currents.
This switch must be left in the normal or wid-position while
the transmitter is osarating, except on initial tune up or for
chacking balarce bestwecn plate currents of the tubes., S512

is a muitimeter switch which is used to read either total
control grid current or individual screen grid currents of
V301 and V302. '

4/26/61, ' 8- FM-1B, M5597



Protection against zlectrical shock from high voltage circuits
are provided for by the door interlock switch S514. By re—
moving the back door, S514 will open and immediately remove
the high veoltage from the amplifier. Forced air is provided
for the amplifier tubes by a blower B301l. B501 is provided
to exhaust any hot air in the c¢abinet proper.

MICROMATCH OPERATION

On Drawing A-317%5-2 is a complete schematic of the internal
wiring for %the Micromatch unit., The following i1s a descrip~
tion of this unit as used with the FM-1B transmitter.

On the Micromatch switching pancl there are two controls which
adjust the calibrating of the unit and a switch., One control
has a knob which 1s the VSWR calibrating control, the other
has a shaft lock. The control with the shaft lock adjusts the
calibrating of the power function and is set at the factory and
needs no further adjustment. The other control with the knob
adjusts the calibration of the VSWR.

To calibrate the VSWR portion of the unit turn the switch to
calibrate position and adjust the meter to full scalg deflec-
tion using the control with the knob., Turn the switch to VSWR
position and read the standing wave ratio on the lower scale of
the meter.

To read forward power or power being delivered out ¢f the trans-
nitber to the transmission ling, turn the switeh to forward
position and read power directly on M505,

REMOTS CONTROL

All necessary provisions for remote controlling the Gates Fl-1B
are built into the equipment.

1. Remote plate voltage is obtained from TBLQ3
terminal 8 and is controlled by R521,

2. Remote plate current is obtained from TBS503-Y
and 1s contrglled by R520.

5 The "LINE ON" function from the fall~safe relay
in the rcmote control unit is connected tQ TBS0O3-2
and TB50%-%,

4., The plate ON function is connected between TBL03-5
and TB50%-6, Remove the jumper between the TBS5Q3~4
and TB50%-~5 for remote operation. Its function re-
quires a momentary "on" type of functlon.

5. The plate OFF function is connected between TBS03-5

and TB503-4, This function requires a mgmentary "off"
type of function.

-6/61, =9~ FIM-1B, M3597



G. The remote overload reset function is connected
between TB503-~9 and TB50%-10. This connecction
is 6 volt DC from a stepper position on the re-
mote control unit. '

7 The raise-lower functions are conunscted to TB1-1
and TB1-3% on the motor driven rheostat (MA703C
for remote control of tower output).

In the case of the Gates RDC-10C, one side of the
115 V. primary voltage for the motor of MA703C is
connected between TB1O1-7 on the exciter terminal
poard in the transmitter and TBl-2 on M4703C. The
other side of the 115 V. AC line is connected to
the common of the remote control unit which is
TR2-27.

MAINTENANCE

Maintenance of the #M-1B should consist of periodic checking
of tubes, meter rcadings, cleaning and visual inspection,
lubricating places where reguired.

The use @f ailr filters materially assists in keeping the trans-
mitter interior clean, however, periodic removal of dust will
still be necessary. Since electrostatic seals create dust-
catchers, special attention should be paid to these places.
Support insulators for the tank clements are probably the
worst offenders and must be kept c¢lean and free from all
foreign material., Failure to do so may result in arc-over
and shattering of the insulators. When inspection of the
air filter discloses that it is filled with dust or foreign
matter they should be discarded and replaced with a new one.
The type of filter used in the FM-1B is a disposable type
filter and is obtainable from most any local hardware or
appliance store.

Once a month the blower and exhaust fan should be cleaned
and checked for proper operations. A few drops of light
machine o0il should be dropped in the oil holes provided at
each end of the hlewer motor.  -fnc exhaunst fan hes-sealed -
bearings and needs no attention.

Once a month the entire transmitter should be cleaned of dust.,

In the case of the power amplifier, remove the back cover and

the enclosure should be wiped clean of dust. The two protective
relays should have the dust cleaned as required and. contacts
burnished with a burnishing tool. Each relay is protected with

a dust cover and are telephone type relays and will reguire 1ittle
or no attention. :

This transmitter is & precision electrical device and as such,
should at all times be kept clean and free from dirt and dust.
Dust shortens the life of many components due¢ to flashovers,
arcs, etc., which damage the same. A small brush or soft rag
can be used very effectively in keeping the equipment clean.

A good preventative maintenance schedule will provide best
assurance of trouble—~free transmitter operation.
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Symbol No. .
B501

501,0502
F501,F502
L501,1.502
R501-

R502;R508
R504,R505

R506,R507,

$509,5511
8510

S512
S513

S514
5516

T301,7302
501

TB501,-
TR502,TB517

TB506
TB507
TB510
TB511
TB514

XF501

1/ 2661

PARTS LIST

TRANSMITTER CABINET

Dfawing No.

430 0002 00C

510
398
476

552
540
552

5L2
D472
550
548
542
550

600
600

600

0246
0186
0105

0LOS
0618
0721

0056
1051
0029
0004
0565
0067

01.62
0302

0280

604 0208

604
926

L72
K72

614
61y

614
614
61k
61l
614

L02

0061
6665

011l

0307-

0047
0092

0052
0046
0100
0093
0046

0015

000
000
000

0c0
000
000

000
000
000
o0
000
000

000
000

c00
000

000

001

000
Qo0

000
000

000

‘000

0G0
000
000

000

Description

Fan, 115V,, 50/60 cy. 1500 RPN,
650 cfm.

Cap., 4.0 mfd,, 5000 V. (W)
Fuse, 30 amp., 230 V.,

Rheostat, 15 ohm, 150 W,

Res., 2000 ohm, 2 W., 5%
Rheostat, 2 Section in tandem,
300 ohm per section

Res.; 20 ohm, 10W,

Res., 2.5 ohm, 10 W,

Contreod, 10K ohm

Res., 5 meg. mecter multipliler
Res., 100K ohm, 190W,
Control, 10K ohm

Switch, rotary '
Switech, 1 section, 3 circuit,
5 position

Switch. Rotary

Switckh, Pressure

Interlock Switch
Interlock Switch and Grounding
Hook A4Assembly

Transformer, P.A. Filament
Transformer, FPowecr

Terminal Board, Audio-

Terminal Board, 115V., A.C.-and
FM-104 Jumper

Terminal Board, Contactor Panel
Terminal Board, Fan

Terminal Beoard, Contactor Panel
Terminal Board, Powcrstat FMe104
Terminal Board

Fuse Block

1 FM-1E, M5597 °



PLRTS LIST
METERE PANEL

Svmbel No. Drawing No, Description

M501 . 630 0049 000 Mever, Fil., Volt 3-1/2" 0-10V, AC
(non-magnctic panel)

M502 632 0074 000 Meter, PA Grid Current, 3-1/2%
0-50 M4 DC (non-magnetic panel)

M503 632 0026 000 Meter, PA Platc Current, 3-1/2"
0-1 Amp. DC {non-magnetic panel)

M504 632 0148 000 Meter, Plate Voltage, 3-1/2"

0-1 Mi DC movement w/0-5000 V. DC
Scale (non-magnetic panel)

M505 913 1256 Q01 Meter, R.F. Qutput

503, G504, C505, : :

C506,C507 516 0082 000 Meter By-pass Cap., .OL mfd.,
Yl KV

POWER AMPLIFTER TANK

B301 432 0026 000 Blower, 115V. 50/60 cycles, CGW

£303;G308" 520 0091 Q00  Cap., Variable, 50 mmfd.

C304,C305, : ’

$306,C307 516 0204 000 Cap., 100 mmfd,, 5000 V, (W)

C311 520 0249 000 Cap., Variable, 20 uunf,

£312- 516 02%3% 000 Cap., 500 mmfd,, 30 KV.

C313,C314 Neut. Padding Condenser {Det. by
Freq.

DCs501L 620 0034 Q00 Vicro-match, 0-120Q0 W. 50 chm

Jd301 612 0232 000 Receptacle "N"

J302 612 0230 000 Receptacle "UHFY

L301 13 1281 001 Flate Choke

'1.302,L303 ' ‘ :

1.306 LG4 0004 000 Choke, 7 Microhy.

1,304 813 1532 001 Input Grid Coil

1.305 813 1531 00l Input Couplet Coil

L309 926 552/ 001 Plate Line Assembly

L310 813 1060 001 Output Coupling Loop

1,311 910 9741 001  Monitor Loop hsscmbly

R301,R304, : :

R305 54,2 0728 000 Res.; 100 ohm, 2W. 10%

R306 542 0085 000  Res., 3500 ohm; 104,

R307 542 0088 000  Res., 5000 ohm, 10W.

R308,R309 5,0 Q740 000 Res.; 1000 ohm, 2W. 10%

R310 542 0316 000 Res., 2000 ohm, 20,

TB301 614 0113 000 Terminal Board

TB302 614 0092 000 Terminal

V301,V302 374 0010 000 Tube, 4-4004

XV301,XV302 40k 0055 000  Socket
L/26/61 ~2e FM~1B, M5597



Svmbol No.

L501, 4505, 5506

4507,4508
4503

R518,R519

S502,S506
S503,5507
S517

8518,5519

Xn501
de 03
XA505, XA506
Xu507 XA508"

CR501,CR502

K501,K503
K502
K505,K506
K507

R514

R515
R516-
R520,1521

T502

3
TR50Y
 TB50k, TB505
TB513
TBs15
TR516

¥501,V502
XV501., XV502

L/26/61

FARTS LIST

CCNTROL PANEL

Drawinz No.

396 0105 000
396 0062 000

54,0 0202 000

604 0067 000
604 0069 000
604 0150 000
604 0032 000

L06 0052 000
L0O6 0051 000

406 0053 0CO

Dose—iption

Lamp, 14 V,
Lemp, Necn

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

Switch;, Pushbutton;, Black
Switch, Pushbutton, Red

0.L. ftegset Pushbutton Switch
Toggle Switch, D.P.D,T,

Pilot Light Asscmbly, Green
FPilot Light Asscmbly, Red

Pilot Light Assembly, Amber

CONT..CTOIL_FANZL

386 0015 Q00

570 0055 000
574 0074 0G0
572 0025 000
574 0014 000

5,2 0056 Q00
542 0085 000
550 0061 000
55C 0057 000

472 0112 000
614 0054 000
614 0104 000
614 0034 000
614 0092 000
614 009L 000
374 0027 000

404 0121 00C

- Silicon Diode, 0 v,

| — T C——

Ceonacy,ctn}‘ ;f*éjf’}cs.}z.%.ar"ip' 230V,

Relay, 2-C
Relay, 6&v. D, Co, S.P.D.T.

Hes,, 20 ohm, 10w,
Res,.,, 3,5K ohm, 10V,
Control, 1K ohm, - 2W,
Gontrol, 250 ohm, 2W,

Transformer, Rect. Fil,
Terminal Board

Terminal Board-

Terminal Board, O.L. Relay Deck
Terminal Beard

Terminal Bocard

Tube, 573

Scocket

FM~1B, M5597



S;EgbOl No.
C201,0202

F201
F202

1201,L202

r201

T202
275

TB201

78201 ,TS202
XF201 ,XF202

V201

G821 thru

820

CR8DL thru

CR820

R801,R802

.Al.
1,02

J1
12

R1
R2
R3, R4
TB1

4/26/61

PARTS LIST

M-56524 POWER SUPPLY

Gates Part No,.

600V,

510 0500

398 0015
398 0379

496 3017
542 0163

472 0290
472 0017

614 2076
614 0189
402 0021
404 0016

N

200
200

Q22
200

290
002

000
000
Q03
200

Descrintion

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

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

Pilter Reactor
Resistor, 100K ohm, 20W.

Filament Transformer
Plate Transformer

Terminal Board
Tie Point
Fuseholder
Socket

SCREEN RECTIFIER BOARD ASSY

516 2082 000 Caps., .«01 uf 1 KV

384 0020 000 Bilicon Diode 1N 2071

940 0728 000 Hes., .100 ohn, 2W. 10%

Ml 845 RE QUTPUT EXTENSION KIT

384 0006
516 0054

612 0230
494 0004

610 0231

222 0545
540 0178
540 0728

614 DO69

000
000

GO0
000

000
000
000
000

000

Diode
Cap., 001 mfd., 1 KV

Receptacle, "UHF"
R.¥, Choke, 7 microhy,

Plug, UHF

Control, 1000 ohm

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

Terminal Board

e . FMelB, 15597
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INSTRUCTIONS POR OPEiATIVN OF M5675 AMPLIFIGR

General Description

The M5675 Amplifier covers a frequency range of 88 to 108 mc.
This is done without the addition or removal of any padding
components in either grid or plate circuits. Power gain of
this amplifier is approximately 10. 'When used as a final
output stage, maximum power output is in the vicinity of 50
to 60 watts. The M56T75 may also be used to drlve following
amplifier stages.

The series type of circuit is used in the grid and a conven-—
tional parallel type of ecircuit is used in the plate. This
tends to make for less susceptibility of parasitics at higher
frequencies than the amplifier is used. Screens of the 6146
amplifier tubes are isolated by chokes rather than RF ground-
ed. This has proven to be more effective at VHF frequencies
and eliminates the need for neuwtralizing., The reader should
refer to schematic B-65555 for a betier understanding of the
circuid,

Tune-up

This particular amplifier should be tuned up for best effi-
ciency and coupled for best transfer of power even if consi-
derably leess than full output power is desired., The screen
control may then be turned down to refuece output power %o the
desired level.,

To tune the grid circuit, place the negative probe of a voli-
neter, inte TP401L and ground the p081t1ve lead. With drive
connacted to inputb receptacle J401, tune 0401 (grid tuning)
for maximum negative yeading on the volimeter. This veltage
may vary all the way from =15 to =45 volts depending on the
amount of drive. This readiag will drop as 8001 as screen
and plate voltage are applied to the amplifier.

After the grid circuilt has been properly tuned, coupling
hetween L4401l and 1402, L4403 should be varied to obtain the
waximum negative voltage at Tr401 with a minimum of drivew
G401 must be retuned each time coupling is changed,

When the input circult has been properly tuned, plate and
screen voltage may be applied to the amplifier and the plate
cireuit tuned. It is recommended that this be done with the
amplifier coupled intg a 51 ohm non-reactive load. If plate
current is being metered, tune the plate tune control G407
for a dip. Otherwise, tune C407 for maximum power output.
Now vary coupling hetween L1404 and I405. Turn amplifier
back on and tune C406 for maximum power output along with
C407. Beverasl trys may be needed to find the best point of
coqulng between L4004 and I405. Each time the coupling be-
tween L404 and 1405 is varied, the plate must be retuned
along with output coupling capa01tor C406.

-J- - M5675 Amp.



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

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

Coupling Amplifier to Another Stage

When the amplifier is going to be used to drive another amp-
lifier stage, it is suggested that 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 to
the output of the 50 watt amplifier, This may bpe aone with
a micromatch coupling unit. The following grid and inpud
circult should be adjusted for minimum SUR,

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
toning of the 50 watt amplifier will not change appreciably
when switching from a non-reactive load to heing coupled to
the following amplifier stage.

If the 50 watt amplifier stage was properly tuned up into a
load and plate tuning deviates radicaelly 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 decouple the 50 watt amplifier stage.

-2 M5675 Amp.



TYPICAL OPERATIONAL TEST DATA
OBTAINID CN

M5675 AMPLIPIER OPERATING AT 99,1 MC

Power Out 65 W. 50 W. 23 W, 17 W.
P1t. Current 250 Ma. 215 Ma. 140 Ma. 130 Ma.
Plt. Voltage 500 Volte 520 Volts 570 Volts 580 Volis
Screen Volts 290 Volts 235 Volts 150 Volts 147 Volts
Screen Current 12 Ma. 8.5 da. 3 Ma, 2.2 Maw
Cathode Volits 68 Volts 58 Volts 35 Voits 33 Volis
Driving rFower 6.5 Watts 2.5 Watts 1 wWatt .8 Watt
Grid Voltage ~10/-420 ~7/-33" ~8,5/231 -6.5/-20%
(Grid voltage measured at TP401. indicates voltage before applying screen
Plt. Pwr. Input 107 Watts 97 Watts 75 Watts 72 Watts
P1lt. Dissipation 42 Watts 47 Watts 52 wWatts 55 Watts
P1lt. Circuit ‘
Bfficiency 61% 52% 3L 2%, 5%

Figures below obtained with no drive.

P1t. Voliage 550 Volts 560 Volts 580 Volts 580 Volis

Plt. Current 165 lia. 155 lia. © 125 Ma, 125 Lia.
Cathode Volts 45 Volts 40 Volts 31 Velts %1 Volis
Plt. Digsipation 83 Watts, 80 Watts 69 Watts 69 Wabtis

13 W,
110 Ma.
590 Volts
132 Volts
1.5 iia,
29 Volts

-

«8 Watt

-3.5/—15"'

and plate

61l vatts
48 Jatts

21%

580 Volts

105 iHa.
27 Volts
99 Watts

(A1l readings were made with screen connected to regulated +320 regulaled supply)

voltage)

M5675 Amplifier




Symbol No.

C401
ca02

0403, G404,
0405
C406
c407
0408, C409
0410
o411

J401,J402

1401
T402
L4073
1404
1405
T406
T407, 1408,
1410, T41Y
7409
TA12
T413

P4OL, PLO2
R4OL, RAO2
R403

R4OL

R405

R406
R407 , R408
TB40L
TP4O01
V401, V402

Xv401,Xv4a02

Gates'Stock No.

PARTS LIST

520
502

516
520
520
516
516
520

612

B13
813
813
913
813
492

49
813
213
815%

620
540
552
540
550
540
54.0
614
£14
34

4.04.

0004
0194

0215
0115
0164
0227
0235
0112

0233

1772
1762
1761
L7774
1771
0007

0004
0246
2607

3608
0122
0482
0058
0367
0073
0748
0752
00386
0312
0051

0016

000
000

0G0
000
000
000
000
000

000

001
001
Q01
001
001

000 -

000
001
001
001
000
00Q
000
000
Q00
000
000
Q0
000
000

000

Description

Cap., Variable, 2-19 mmfd.

Cap., 500 mmfd., 500V. Button
Type

Cap., 100 mmfd, +10%

Cap., Variable, 5-25 mmfd.
Cap., Variable, 2-15 mmfd.
Feedthru Cap., 500 mmfd.
Feedthru Cap., 1000 mmfd.
Var. Cap., 2.2-21.5 mmfd,

Receptacle

Grid Qoupling Coil
Grid Coil

Grid Coil

Plate Coil Assembly
Plate Output Loop
R. F. Choke

R. F. Choke

i lament Choke

Coil

Coil

Right Angle Adaptor, UG-27C/U
Res., 15K ohm, 1W. 10%

Reg., 500 ohm, 25W, Adje.
Res., 30K ohm, 1W., 5%
Control, 100X ohm

Res., 4700 ohm, 2W,, 10%
Res,, 10K chm, 2W,, 1L0%(Used
in PM~1B/1C only)

Terminsgl Board

Test Polint Jack

Tube, 6146

Socket, Octal

M5675 Amplifier
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SPECIFICATICNS

The ¥ Harmoniec Filter is of '‘a distributed constant nature using
~coaxially designed elements.,

The chrracteristic impedance of the filter is 50 ohms, therefore,
matching both the output impedance of the transmitter and the trans-
mission line %o be used.

The insertion loss of the filter is 0.2 &b or less at the operating
frequency resulting in low power loss in the filter.

With the aid of the filter all transmitter harmonics are suppressed
at least 70 db below the fundamental.

Since the filter is of a symmetrical design either end can be used
as an input.

The filter proper is an 11 foot section of 1-5/8" dia. coaxial line
provided with 1-5/8" fixed flanges at each end, Included with the

filter is one adaptor for reduction to a 7/8" coaxial line on one
end. A 7/8" right angle bend is also provided to aid in a flexible
ingtallation.

INSTALLATION

Since the filter is not a standard section of transmission line,
gpecial care should be taken when installing the filter to prevent
damage to the inner conductor.

If the 1-5/8%" to 7/8" coaxial adaptor is used this problem is re-
duced bvecaunse the inner conductor is captive. When using the 1-5/8"
coaxial line directly, it is suggested that the inner conductor of
the filter be slipped out stveral inches and mated with the inner
conductor of the transmission line. 1f the filter is mounted ver-
tically it is very important that the transmission line sections
above the filter be installed properly so as not to have the added

weight of the imner condugitors bheaping down upon the iuner goudugtor
of the f£iltar,

12/1/58 ~1- M5737
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M--6023% AUTOMATIC RECYCLE UNIT

THEORY OF ORPERATION

General

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 fox
nmaxinum indication of source of trouble. This lock-in feature
can be reset nanually at the transnitter or at a remote point.

The third function of the unit nmakes recycling possible when an
overload occurs and the "tune-operate" switch is switched to
"operate" position. An R/C circuit operating an auxiliary reloy
provides three conplete recycles during a 10 second interval,

NOTE: The above nunber of recycles can be changed by adjusting
a potentiomneter to almost any desired number within a certain
tine period. Also, the total recycle tine can be changed by
inserting another tine delay relay of the desired type. When
using a 10 second tine delay and the transnitter has overloadcd.
the following will occur. If, during the 10 second interval,
the transmitter overload has not corrected itscif, the trans-
nitter overload at fault will lock out and remain locked ous
until nanually reset. If the fransuitbter experiences one on
twe overloads and then clesrs itself, the recycleo unit will
again be ready for three nore conplete recycles after approx-
inately 15 scconds.

Circuit Description

The tine constant which deternines the pulse interval for re-
cycling is the 50X, 2W. potentiometer, R1, and the capacity of
ClA. VWhen the voltage on the positive terninal of Cl4A equals
the voltage necessary to close the relay X1, this occurs, caus-
ing the capacitor to discharge through R3, 100 ohn fo ground.
The discharge tinc constant is chosen to allow sufficient tine
for the high voltage contactor to ¢losc prior to the reopening
of relay Kl. '

This discharge intcerval must not be sufficiently long to allow
danage te the tramsnitter in an overloaded condition.

The sccond sct of conbacts on relay K2, a slave relay, switches
the heavicr currcnts involved in closing the high voltage con-
tactor and also breaking the 130 volts D.C. which locks in the
overload relays. Thereforc, receycling of the reset occurs just
prior to the closing cof the high voltage contactor.

- 1 - M6023
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The tine delay relay, K4, is activated the instant that K3
cnergizes which occurs when an overlcoad rwelay locks down.,

After an elapsed tine of ten seconds or three reeycle periods,
K4 closes, shorting the ceoil of X1 to ground, thus, stopping
the operaticon of the tine constant circuit. After this elapscd
tine of ten scconds, the unit must be reset either rcenotely or
by the rcset button located on the front pancl of the 1 KW
driver. It is ncecccssary to walt approxivotely 15 sccondsg for
the elenent in X4 to cool before you con expect another three
recycles.

Relay X3 porforns threc functions, the afcrencnbioned cloging of
K2 when X3 is cnergized, and also to supply 130 V. DC to poten-
tionecter Rl in an overload condition. It also breoks the 230 V.
AC which supplics the high voltage contactor coil., In an un-
cnergizoed condition, K3 breaks 130 V. DC to K1 through Rl and
naintains coil veltage to the high voltage contactor. Also,

the tine deley rcloy E4 has opereoting volioge reonoved which
should increasc the operating life of this relay. K3 is operated
by © V. AC which is supplicd by the unit. Onc ceoil terninal is
ticd commcen to the 6 V. AC transformer and the other coil tern-
inal is tied in geries with o parnllel string of overleoad rclay
contacts which rcoturn te the cother side of the © V, AC troans—
former.

Resistor R4 acts as a surge resister while R2 is nerely a blecder
resistor..

The two switches ond core push button which control the recycle
vwnit arce nmounted on the 1 XKW driver conbrel panel. The opcration
of the push button acts as o nanual reset. It is a normally
¢losed switch, which when oper, renoves 130 V. DC fron the 3.5K
resistors in scrics with the coll and overload potentioncters

cf the overload reioys. These relays then open to agoein perndt
operation of thce transmitter,.

The Mlocal-rcuiote" switeh opens the cireuit for the rerote “on®
function, thus vlacing the tramspitter in o lccal operate con-
dition only.

The "tunc-operate” switch perferms twe functions, in "tune”
position it sherts cut the ceil of K1 in the recycle unit, thus
making the uwnit incperative. In "operate position”, tle short
is removed frciy the cgil cf reloy XKi. VWhen the 1 KW transnitter
is uscd as a driver for a higher power anplifier, the "tune-
operate" switch alsc perfeorms the following funetions. It sup-
plics 240 V. AC to the nenusl push bubton on the PJ4. high vel-
tage contrel pancl when in "tuno' position. In this position
the driver oand P.h. high velteges nust be turned on independently.
In "epcrate" pesitien tlie shert is romcved fren the coil of K1
ond the 240 V. AC is removed from the P.h, high veltage push
butten on the P.d. Instend 240 V. AC is supplied to onc ccntact
of tho K809 under-drive cuxiliary rclay, which when closed, turns
the F.A., Lhigh veltoge contzcetor on.

Me023%
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Synbol No,
a

CR1

F1

TB1

- XK1,XK&

1/29/6%

PARTS LIST

M~602%5 A UTOMATIC RECYCLING UNIT

Gotes Part No.

524 0091
384 0020
398 0017

574 0020
574 0040
574 0105
576 0019

550 0071
542 0135
250 0059
540 0724
540 0752
552 0023
540 0468

472 0208
4772 0090

614 0034
402 0021
404 0016

000
000
000

000
000
000
000

000
000
000
CO0
000
000
000

000
000

000
000
000

" Description

Cap., 200-200 ufd. 150 V.
Silicen Rectificr
Huse, 1 anp. 250 V.,

Plug-in Reloy, Double Pole
Relay, 115 V. AC, DPDT
Relay, 6V. AC, 3PDT

Tir:e Delay Reloy, 115V.

10 Second :

Control, 50K ohm, 2W.
Rese, 15K ohm, 20W,
Contrecl, 500 ohny, 2W.
Res,, 47 ochn, 2W, 10%
Res., 10K ohn, 2W. 10%
Adgj, Res., 1000 ohn, 10 VW,
Res., 1000 ohn, 1 W. 10%

Iscletion Transforner
Fil. Transfcrmer

Terninal Beaprd
Fuschclder
Octal Socket
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ADDENDA
M-5534B STEREO FM EXCITER

The values of C161 and C163 have been set to allow a
gentle roll off below 100 cycles audio response. This
is done to prevent low frequency transients and thumps
from causing excessive deviation and loss of carrier
from momentarily kicking the transmitter off the air.
These low frequency transients and thumps méy exist in
equipment external to the Exciter Unit, such as when

the tone arm on a turntable is dropped.

3/8/62 M-5534B Stereo FM Exciter




ADDENDUM

M5534, M5534A, M5534B
M5674, M5673, M5672 EXCITERS

The oven thermostat in HR10l1 has been changed, and
the oven pilot light may seem to indicate erratic
oven cycling. This is normal for this type of

thermostat, however, and is not an indication of a

defective oven.

6/6/62 Gates Radio Company

Quincy, Illinois’
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SPECIFICATIONS

Power Output:
Frequency: .
RF Qutput Impedance:

Frequency Stability:

Type of Oscillator Circuit:

Type of Modulation:
Modulation Capability:
Audio Input Impedance:

Audio Input Level for 100%
Modulation at 400 cycles:

Overall Audio Frequency
Response:

Distortion at 100% Modulation:

FM Noise:
AM Noise:

Power Input:

Tube Complement:

5/26/58

0-10 Watts, continuously variable.

88 - 108 Mc.

51 - 72 Ohms.

*.001%.

Direct Crystal Control.

Phase Shift Employing Pulse Techniques
+100 kC 100% modulation eguals %75 kC
600 Ohms.

+10 dBm, *2 dB.

Within 1 dB of standard 75 micro-
second pre-emphasis curve or flat
+1 dB 50 to 15,000 cycles depending
on specifications of plug-in audio
pad.

% or less, 50 to 100 cycles.
.5% or less, 100 to 10,000 cycles.
% or less, 10,000 to 15,000 cycles.

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

60 dB below equivalent 100%
amplitude modulation.

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

Approximately 6 watts (intermittent)
crystal oven circuit.

- 6AU6
- 6AQ5

- 6J6

- 12AT7
12AX7

- 0A2

- GZ34/5AR4
- 6080

- 6360

P e BN LA B O
]

1
[
]

M5534




INTRODUCTION

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

These requirements are filled by the M5534 Exciter Unit., The exciter
panel is standard 19" wide for rack mounting. Height is 14''. A
rear dust cover is provided that extends 2%" beyond the back of the
panel, This dust cover is held on by four "acorn'" nuts easily re- .
moved from the front of the panel, The highest unit on the front of
the panel is the crystal oven which extends 4%" beyond the panel
proper.

The unit is complete with its own power supply. It is light in
weight (21.5 1bs.). 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 comn-
nected from TB101l-7 § 8 to a 117 V., a.c. outlet.

INSTALLATION

Generally speaking, 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 venti-
lation should be allowed to provide normal circulation and updraft
at least for the front of the panel where all of the tubes are
mounted.

External wiring to the unit consists of the following:

1. A shielded, twisted pair cable that connects to TB101-2, 2, 3.
The shield should connect to TB101l-3 which is ground. These are
the audio input terminals. Audio requirements for 100% modulation
are approximately +10 dBm and input impedance is 600 ohms.

2. Two wires that comnnect to TB101-7, 8. These wires are to pro-
vide operating voltages for the unit. Requirements are 117 V AC
at 1 ampere.

3. Two wires to comnect to TB101-9, 10. This provides operating
voltage for the crystal oven. Requirements are 117 V AC 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 TB101l-6 to the other unit, And
additional 20 to 30 ma. 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 reduced to 3 or 4 watts, up to 50 ma.
may be drawn from TB101-6.

>/26/68 -2- M5534




If the power amplifier stage of the exciter umnit (V113) is to be
externally metered, the jumper connecting TB101-5 and 6 should be
removed. A wire should then be connected from TB101-5 to the posi-
“tive terminal of the external milliammeter and a wire should be con-
nected from TB101-6 to the negative terminal of the milliammeter.

The final stage will draw about 65 ma when output power is 10 watts.
The external milliammeter should have a minimum full scale deflection
of 100 ma. If tubes and/or other components have been removed for
shipping, refer to drawing A-31359 for general location of parts.

PRE-GPERATION

In almost all cases, the exciter unit has been properly tuned up to
customer frequency at the Gates plant. If all tubes and other com-
ponents are properly in place, wires connected, etc., the exciter
may be placed into operation by turning S101 to the "ON" positiom.
This switch is located in the primary circuit of T103. Reference

to drawing A-31359 will help in getting familiar with general loca-
tion of major components. When it is turned "ON'" both the filament
voltage and the B+ voltage come on to all tubes. The rectifier tube
is of the slow heating, indirect cathode type tube and positive volt-
age 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 Cl59
(output coupling) and C158 (Vil3 plate tune) for maximum power
output into a load, following stage, or antenna. Final adjustment
of C158 and C159 should be done only after the exciter has come up
to full operating temperature. This will take about 15 minutes
after first turning the unit on. Stray capacities of tubes tend
to change slightly as the tube warms up. A small change of even
1/4 mmf. can considerably de-tune a circuit operating in the VHF
range.

Frequency adjust control C102 should be set to the value given in
the factory test data sheet. Oven pilot lamp AlO0l will start
cycling after the oven heater has been on for about 20 minutes.
The crystal oven doesn't really stabilize until it has been on for
about an hour. If after this length of time, the carrier center
fregquency does not agree with that as shown on a frequency monitor
of know accuracy, re-adjust Cl02 for proper center frequency.

Normal cycling of oven pilot lamp A101l will be "ON' 1/3 and "OFF"
2/3 time wise for a room temperature of 75 degrees.

A quick check of the B+ 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. TP120 or TP121, and the positive probe into
TP119. The voltmeter should read near +320 volts DC.
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DAILY OPERATION

It is considered general good practice to arrange wiring and control
circuits so that the crystal oven heater operates independently 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 from a cold start. Power requirements for the oven are about

6 watts and this only intermittently. On a presumed basis of the
oven being "ON'" one third of the time, the oven would use only 2
watts of power per hour.

Assuming that the crystal cven is "ON" 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 broadcasting day and "OFF"
when finished. 1In 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 "AIR" 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 OPERATION AND GENERAL EXPLANATION OF CIRCUITRY

Of all the known methods used to generate a frequency modulated signal
the one used in the 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.

Frequency Multipliers
(V105 through V112)

It is standard within the FM broadcast of 88 to 108 MC/s that 100%
modulation shall be %75 kc/s. It is also required that any FM trans-
mitter operating within this band be capable of *100 kc/s swing. This
means that a 100 MC/s carrier for example, must be capable of instan-
taneously moving from 99.9 MC/s to 100.1 MC/s. This moving back and
forth or frequency swing as it may be called is caused by applied audio.
The carrier, therefore, instantaneously swings back and forth the re-
quired amount at the audio frequency rate. The amount of frequency
swing is also referred to as frequency deviation.

There are, at present, no known circuits that will produce the rTe-
quired amount of frequency deviation directly at operating frequency.
It is necessary then to substitute the best circuit possible that will
produce maximum frequency deviation and then multiply or increase the
amount of frequency deviation by additional circuits. This is the
purpose of frequency multiplier circuits.

Assume that we have a circuit operating at 116 kc/s that is capable of
producing instantaneous frequency excursions of 116 cycles when the
circuit is modulated by an audio frequency. The best method to increase
both frequency deviation due to modulation and to raise the frequency is
to use a frequency multiplier cicuit. Refer to Fig. 1l.:

34,8 XC £3L8 Cycles

Frequency Multiplier Circult, Triplerxr.

by
l_].
09

H

5/26/68 -5- M5534/M5672



A series of sharp spikes or pulses is being applied to the grld_of Vi,
For the moment assume no modulation. The pulses are being gpp%led at
a frequency rate of 116 kc/s. The plate circuit of V1 consisting of
L1, Cl is tuned to three times 116 kc/s or 348 kc/s._ As each of the
sharp spikes occurring at 116 MC/s.arrives at.the grid of V1, the tube
suddently conducts and shocks the plate circuit of V1 into oscillation
at its resonant frequency of 348 MC/s. If a scope were connected
directly to the plate of V1, these oscillations would appear as shown
in Fig. 2 below: - '

\ S LT

Fig. 2, Typical Recovered Waveform Frequency Tripler

These oscillations it will be noted are damped. This is a necessary
condition for a frequency multiplier circuit and indicates a lowering
of the "Q" or efficiency factor of that circuit. In fact, the "Q" has
been intentionally lowered by a resistor connected across L1. This
resistor also broadens the bandwidth of the L1, Cl1 combination to the
necessary 35 kc bandwidth,

—

If the "Q'" of the L1, Cl combination were very high and some regenera-
tion were present in V1, the circuit would probably "take off" and
oscillate on its own. Even if this did not take place the circuit would
be "stiff'" in that when the 116 kc. driving pulses shifted due to fre-
quency modulation, the flywheel effect of the plate circuit of V1 would
prevent the circuit from following faithfully and distortion would result.

We said that the maximum frequency deviation of our 116 kc driving
pulses was £1l6 cycles when modulation was applied. This means that

one one-half of the audio cycle, the pulses instantaneously move to
116.116 cycles and on the other half of the audio cycle they move to
115,884 cycles., The effect of this upon V1 is as follows; the plate
circuit of V1 which is broadly resonant to 348 kc will instantaneously
oscillate at three times 116,116 cycles or at 348,348 cycles and then
instantaneously oscillate & three times 115,884 cycles or at 347,652
cycles. Total frequency deviation in the plate circuit of V1 due to
frequency modulation is thus 348,348 minus 348,000 cycles and 348,000
minus 347,652 cycles or a frequency deviation of %348 cycles. The driving
frequency of 116 kc has thus been tripled to 348 kc. Frequency deviation
due to applied modulation has been tripled from #116 cycles to %348
cycles. This is the basic reasoning of any frequency multiplier circuit.
If the frequency is tripled, frequency deviation due to modulation is

tripled. If the frequency is doubled, frequency deviation due to modula-
tion is doubled. .

5/26/68 -6 M5534/M5672




The tuned combination of CZ, L2 and C3, L3 form a type of bandpass
filter that removes the amplitude variation of 116 kc from the 348
kc signal coming from the plate circuit of V1. The grid current

of V2 is thereby fed with a pure sine wave of 348 kc. Bandwidth
‘and coupling is determined by the values used for the two coupling
condensers labeled «CX., If amplitude variations of 116 kc are not
removed from the 348 kc signal, the carrier will tend to become
phase modulated at the driving frequency of 116 kc causing spurious
frequencies to appear at the output of the exciter. Necessary band-
width of circuitry between V1 and V2 is determined by the highest
modulating frequency and the frequency deviation., For these circuits
it figures out to be about 35 kc.

Circuitry between V1 and V2 described in the previous paragraphs has
for all practical purposes been "“1lifted" and used in the M5534 exciter
unit. Referring to drawing which is the overall schematic, V105 has
been substituted for V1 in Figure 1 and V106 has been substituted for
V2. The intervening circuitry between V105 and V106 on the overall
schematic corresponds closely to intervening circuitry between V1 and
V2 in Fig. 1.

It was explained previously how a series of pulses occurring at 116 k¢
with a frequency deviation of #116 cycles could be converted to a sine
wave at 348 kc with a frequency deviation of #348 cycles. Let us ob-
serve the action of a frequency doubler stage with the sine wave of
348 kc applied. Refer to Fig. 3.
696 KC _
ANAYL + gas'cveLes

o i R
-

vz

~AEANY- - T
348KC
T348cycLes |

-t
——
—
-

|
|
}
i
!
¢
"

r.........-'-——-—--—--.-q-.—.

Fig. 3, Frequency Multiplier Circuit, Doubler.
In Fig, 3, a sine wave of 348 kc is being applied to the grid of a
vacuum tube, V2. V2 has been biased well into the class "C" region
to increase efficiency. V2 will, therefore, not be conducting over
much of the applied AC signal at 348 kc. This is shown by the dotted.
lines drawn through the 348 kc signal at the grid of VZ. As the ap-
plied signal rises over the dotted lines, V2 suddenly conducts and
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_shock excites the resonant circuit in the plate side of V2 into
oscillation at its resonant frequency which in this case would be
two times 348 kc or 696 kc, The waveform observed at the plate of
V2 would appear as shown in Fig. 4 below.

Fig, 4, Typical Recovered Waveform, Frequency Doubler

The waveform observed in Fig. 4 is again damped similar to the wave-
form noted in Fig. 2 for the frequency tripler stage. Now, however,
every other cycle is the same instead of every third cycle. In addi-
tion, the amplitude component shown by the dotted lines will be at the
348 kc driving frequency. This amplitude component is removed by the
filtering action of L2, C2 and proper bandwidth of approximately 35 kc
is determined by coupling condenser CX.

When the driving frequency of 348 kc applied to the grid of VZ instan-
taneously swings to 348 kc¢ plus 348 cycles or 348,348 kc, the tuned
circuit in the plate side of V2 will double to two times 348,348 kc

or 696,696 kc. When the driving frequency of 348 kc instantaneously
swings to 348 kc minus 348 cycles or 347,652 kc, the tuned circuit in
the plate side of V2 will double to two times 347,652 kc or 695,304 kc.
It is apparent that while our frequency was doubled from 348 kc to 696
kc, our deviation was also doubled. 696,696 minus 696 kc gives us 696
cycles deviation on the positive side. 696 minus 695,304 gives us 696
cycles deviation on the negative side.

Circuitry of Fig, 3 has again been "1lifted' and substituted directly
into the M5534 exciter unit. On the overall schematic, V2 of Fig. 3
corresponds to V106 and V3 of Fig. 3 corresponds to V107. Intervening
circuitry between V2 and V3 of Fig. 3 corresponds closely to the inter-
vening circuitry between V106 and V107.

We have seen how a signal of 116 kc with a frequency swing of 116
cycles has been raised to a frequency of 696 kc with a frequency
swing of 696 cycles with two stages of frequency multipliers. It
remains for the succeeding frequency multiplier stages following
V107 to raise the frequency to approximately 100 Mc and frequency
deviation due to modulation to 100 kc.
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If we take our original signal of 116 kc (.116 Mc) and by frequency
multiplier stages multiply the frequency 864 times, the output fre-
quency will be 100.224 kc or approximately 100.2 Mc. Our original
signal had a frequency swing of.116 cycles or .116 kc. Multiplying
this frequency swing of 864, the final output frequency of 100.2 Mc
will have a frequency swing of 100,224 kc, It is apparent that
these figures meet with the FCC requirements of a capability of 100
ke swing. The frequency multiplication factor of 864 has been used
in the M5534 exciter unit. Actually, the 116 kc originating signal
is capable of greater swings than 116 cycles at audio modulating
frequencies higher than about 40 cycles. The lowest audio modulat-
ing frequency is usually the most difficult to reproduce faithfully
in any frequency modulation system, Too, in normal operation the
maximum swing at output frequency is limited to 75 kc swing (100%
modulation 88 to 108 Mc.). This means that the original signal has
to have a swing of only 75 kc or 87 cycles which makes the problem

of low distortion easier by backing down somewhat from the maximum
requirements of the system.

Stages V105 through V112 of the M5534 exciter are all frequency
multiplier stages and their operation follows closely the reason-
ing explained in a preceding paragraph. All of the multiplier
stages in the M5534 exciter either double or triple the frequency.
The multiplication factor of each stage may be determined by refer-
ence to functional block diagram C-77972. This drawing also shows
the multiplication factor of each stage, frequency range of each
stage, how many times crystal frequency has been multiplied and
general location of test points.

V105 through V109 are so called '"single ended'" stages and are all
6AU6 pentode tubes. V110 through V112 are so called "push-push"
stages and are all 6J6 twin triode tubes., The grids of these
"push-push' stages are connected in normal "push-pull" fashion
but the plates are connected in parallel. With this type of con-
nection, the plate circuit receives two pulses for every complete
cycle of RF drive in the grid circuit. This makes it a natural for
frequency doubling service since this circuit will not amplify a
fundamental frequency and will not triple. It will only double
or quadruple. The quadruple frequency will, however, be out of
the tuning range of the stage and in addition will be much lower
in output.

Necessity or use of circuitry between V109 and V110 may be ques-
tioned. Reference in particular is made to J101, J102 and the
short coaxial cable jumper between them. The combination of L110,
C137 and C138 tunes the plate circuit of V109 to the proper reson-
ant frequency. (€137 and C138 are impedance transforming condensers
that change the high impedance output of V109 to about 51 ohms at
Ji01l. This makes it possible to carry the output of V109 over a
considerable length of coaxial cable to another amplifier stage
without serious attenuation. From this external amplifier, another
length of coaxial cable may be brought back to J102. The condenser
combinations of €139, C140 and Cl41 then transform the 51 ohm
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.impedance back to a high impedance in addition to resonating
L111 to operating frequency.

J101 and J102 are used specifically for the purpose of inserting
multiplex sub-carriers on the main carriers, If the main carrier

is not being multiplexed, J101 connects directly to J102 by a

short jumper and for all practical purposes L110 is capacitively
coupled to L111 and the operation of V109 and V110 is treated the
same as any of the other frequency multiplier stages in the exciter.

Power Amplifier Stage
(Vi13)

Output power from the last frequency multiplier stage, V112 is om
the order of .2 watts. This power is inductively coupled to the
grid circuit of V113, the power amplifier stage. Power output of
this amplifier stage is on the order of 10 watts. V113 consists

of a self-neutralizing, twin tetrode with a common screen and
cathode. Coupling between L116 (plate circuit of V112), and L117
(grid circuit of V113) is variable so that maximum drive may be
coupled into V113. The coupling between L118 (plate circuit of
V113) and L119 (output coupling coil) is also adjustable for proper
loading of the plate circuit of V113 so that maximum efficiency may
be enjoyed. In addition, coupling may also be varied considerably
by C159 to match a wide variation of load impedances and termina-
tions as may occur when coupling the exciter unit into a succeeding
amplifier stage. An output control (R155) varies screen voltage
from zero to about 175 volts dc so that the amplifier stage may be
tuned up for best efficiency and the output power adjusted exactly
to the desired amount. A cathode resistor (R153) biases the ampli-
fier stage to a safe value to prevent serious damage in case of
drive failure.

Derivation of Frequency Modulated Pulses
(V101 through V104)

In the section devoted to the explanation of frequency multiplier
stages, it was shown how a series of sharp, positive pulses of
limited frequency swing could be changed into a sine wave of a
higher frequency and higher frequency deviation.

Tube V101 through V104, in the exciter, are the circuits that
originate frequency modulated pulses. V10l is a crystal con-
trolled oscillator stage. This stage is a form of Plerce
oscillator with feedback being controlled by C103 and C175.

The crystal is in the grid circuit along with the frequency vernier
by which the carrier can be set exactly to center frequency.

The value of €103 will, to a certain extent, also determine the
exact output frequency. The output of V101 is a sharp, negative
pulse that appears much as in Fig. 5.
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Fig. 5, Typical Waveform, Output V101

The negative pulse of Fig. 5 is applied to the first section of Vi02,
a shaper stage that also inverts the pulse so that it can be used to
drive V103. The second section of V102 is a cathode follower section
that changes the high impedance output of the first section of V102

to a low impedance. The output pulse from the second section of V102
appears as in Fig. 6.

Fig. 6, Typical Waveform, Output V102

The pulse of Fig. 6 is applied to the first section of V103. V103
is essentially a sawtooth oscillation stage that fires only when a
driving pulse is applied. The output pulse of the first section of
V103 is applied both to V104 and the second section of V103. The
second section of V103 is used mainly to provide feedback to the
first section of V103 and give greater linearity of the sawtooth

waveform. The output of the first section of V103, as applied to
Vi04 is shown in Fig. 7.

Fig. 7, Typical Waveform, Output V103
(V104 removed)
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It should be emphasized that the waveform shown in Figure 7 is
what would appear with no loading on the circuit or with the
following tube, V104 removed from the circuit. When V104 is in-
serted- in the circuit, the waveform will be clipped. The dotted
lines shown in the waveform of Figure 7 explain the necessity of
the second section of V103. The second section of V103 provides
feedback of such a nature so that the leading edge of the sawtooth
is "pulled up'" and made linear. If the second section of V103
were not in the circuit, the sawtooth waveform would tend to fol-
low the dotted lines in Figure 7.

When the sawtooth waveform of Figure 7 is applied to V104, the
modulator tube, the waveform will appear as in Figure 8 if bias
has been properly set. Dotted lines show the waveform as it
would appear if V104 were not in the circuit.
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Figure 8, Typical Waveform, Output of V103 (V104 in place)

The waveform of Figure 8 has been clipped off due to the sudden
conduction of the first section of V104. When this happens, a
sharp negative spike appears in the plate circuit of V104. This
spike will have the general appearance of Figure 9.

Figure 9, Typical Waveform, Output V104 (first section)

Referring again to Figure 8; it is possible by means of R119,
the distortion control to vary the conduction point on the
leading edge of the sawtooth waveform. It could be at any
point on the leading edge such as A, B or C or any other inter-
mediate point. Regardless, V104 will conduct at the repetition
rate of the sawtooth waveform.
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Refer to Figure 10. A sawtooth waveform occuring at a repetition
rate of 1160 kC is shown. Bias has been set so that the tube con-
ducts at about the center of the leading edge of the sawtooth
waveform. Below the sawtooth waveform being applied to the grid
of V104 is shown the negative pulses that occur in the plate cir-
cuit of V104 as the tube conducts.

In Figure 11, thé same condition is shown with the exception that

a sine wave of approximately 7,250 cycles has been super-imposed
upon the sawtooth waveform. This is actually what takes place
when modulation is applied to the cathode circuit of the first
section of V104, The applied modulation acts in series with the
fixed cathode bias section of V104 changing at an audio rate,.
Making the cathode more positive is identical to making the grid
more negative. So, when the positive crest of the applied audio
modulation arrives at the cathode of the first section of V104,

the grid in effect has become more negative, This means that the
sawtooth waveform applied to the grid of the first section of V104
has to rise to a higher level before conduction of the first section
of V104 takes place. This represents a time lag or phase shift
since the pulses in the plate circuit will not be equally spaced
with modulation being applied. After the positive crest of the
audio modulation has been reached and starts to fall off, the saw-
tooth waveform has to rise to a succeedingly less and less value
for the tube to conduct. This means that the pulses in the plate
circuit will be occurring sconer than if no modulation were present
and is another way of saying that the frequency is instantaneously
swinging to a higher value. The frequency swings to an instantan-
eous higher value from the crest of a positive cycle to the crest
of a negative cycle. From the crest of a negative cycle to the
crest of a positive cycle of modulation, the point of conduction

is succeedingly delayed and the frequency or timing of the negative
pulses instantaneously swings to a lower frequency.

De-emphasis/Pre~distorter C112

In Figure 11, a modulation frequency of approximately 7,250 cycles
was assumed. This means that the length of time of one modulating
cycle is 1/7,250 or about 138 microseconds. During this same
length of time, 16 complete cycles at the pulse repetition rate of
116,000 cycles will have occurred.

Suppose the modulating frequency was doubled to 14,500 cycles; dur-
ing 138 microseconds of time, two complete cycles of audio will
have passed. Each cycle of audio at 14,500 will instantanecusly
swing the 116 kC pulses above and below the average repetition rate
(center frequency) as did each cycle of audio at 7,250 cycles and
by the same amount. However, the same amount of swing will occur
in 1/2 the time. The same amount of frequency deviation occurring
in 1/2 the time is synonymous with saying the frequency deviation
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has doubled. If the amplitude of the audio modulating frequency
is kept constant, the frequency deviation will double every time
the modulating frequency is doubled. This would make the system

a true phase modulation system, This means that the deviation at
15,000 cycles audio modulation would be 15,000/50 or 300 times as
great as at 50 cycles audio modulation. This is undesirable since
75,000 cycles deviation represents 100% modulation and we want all
audio frequencies to approach this limit, '

If only one-half as much audio modulating voltage were fed to the
cathode of the first section of V104 at 14,500 as was fed to the
cathode at 7,250 cycles, the desired result would be accomplished.
Circuitry that does accomplish this consists of R168 in series
with C112. (112 is located in the cathode circuit of the first
section of V104. Audio modulating voltage is obtained from V115
(6AQ5) at the cathode. The combination of R168 and C112 is ar-
ranged to have a 6 dB per octave "roll-off". This means that if
the audio output level remains constant at the output of V115
regardless of frequency, the modulating audio seen at the cathode
of V104 will be only one-half as great every time the frequency is
doubled. The series combination of R168 in series with C112 is
known as de-emphasis since it de-emphasizes the higher frequencies.
It is sometimes referred to as a pre-distorter. '

Distortion Contreols, CL10 § R119

It is necessary that the audio modulating voltage applied to the
modulator stage V104 be faithfully translated into alternate rari-
fications and compressions of the pulse repetition rate. To accom-
plish this purpose, several conditions must be fulfilled. The
modulator tube must have a long, linear Lg, Ip curve. The saw-
tooth voltage being applied to the grid of the modulator tube must
have a linear leading edge. The bias control must be set to the
approximate center of the sawtooth pulse.

Tube linearity is fixed by the tube manufacturer. Linearity of
sawtooth voltage applied to the modulator tube can be controlled.
In Figure 7, the sawtooth output of the first section of V103 was
shown, Dotted lines show the approximate waveform without the
feedback circuit of the second section of V103. The amount of
feedback is determined by C109. In practice, the sawtooth wave-
form is somewhat over-compensated in that the top of the sawtooth
waveform is pulled up to where a slight sag develops in the center
of the leading edge. The effect of Cl1l and C110 (distortion
adjust contrel) is to round off the top of the sawtooth waveform
and make it straight. Variations of parts values and variations
of pulse frequencies make it impossible to build in perfect line-
arity, Distortion control C110 is, therefore, set for maximum
linearity of sawtooth when the exciter unit is tuned-up on fre-
quency. Distortion control R119 is set so that the sawtooth wave-
. form is "clipped" in the approximate center of the linear leading
edge. These variable parameters make it possible to make use of
low coast receiving type tubes in the modulator section.
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The second section of V104 is used mainly to invert the negative
going spike obtained at the plate of the first section. This
spike is "sharpened up" somewhat by a differentiating circuit
. consisting of C113 and R116, By means of plate saturation, amp-

litude limiting is also accomplished in the second section of V104,

The waveform appearing at the output of the second section of V104
and as observed at TP104 would appear as shown in Figure 12. This
is the pulse used to drive the frequency multiplier stages.

NERANG

Figure 12, Driving Pulse for Frequency Multiplier Stages

Audio Amplifier, V114 and V115

It is rather common practice that the necessary input level to
modulate an FM transmitter 100% be +10 dBm and that input im-
pedance be 600 ohms, Audio amplifier stages V114, V1il5 and
asscociated circuitry embrace these standards.

Approximately 30 volts RMS of audioc is required at the output of
the audio amplifier stage as measured at TP11l8 to modulate the EM
carrier 100%. The output of the audio amplifier stage should be
of fairly low impedance. For this reason, the audio output stage
of the exciter is a cathode follower (V115, type 6AQ5 tube). V114
and V115 work together as a unit since they operate within a feed-
back loop. The negative feedback is provided by condenser C163
and R158, R159 in series. Varying the value of C1l63 will effect
the response somewhat at the low end of the audible spectrum from
S0 to 100 cycles. Some of the feedback at the high end of the
audio spectrum, (10,000 to 15,000 cvcles) may be relieved to com-
pensate somewhat for improper high frequency audio response.

This is accomplished by €160,

Audio input stage V114 is driven by audio input transformer, T102Z.
The output of this transformer is high impedance to match the grid
circuit of the first stage. The input of T102 matches 600 ohms
balanced input. A plug-in pad, AT101l, is stationed between the
input connections te the input transformer T102 and the audio in-
put terminals on TB10l. The use of this pad is described fully

- in the following section on pre-emphasis and de-emphasis. It is
sufficient to say at this point that if a purely resistive unit

is used at ATI101 (non-frequency sensitive) and the audio input
level is kept constant regardless of frequency, the overall fre-
quency response of the audio amplifier as viewed at TP118 will be
flat., A schematic diagram of AT101 is given on drawing A-31143,
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The M5486 pre-emphasis plug-in unit will usually be used .when
operating the exciter unit within the FM broadcast band of 88
to 108 mc or when the exciter is used to generate the aural
carrier for a TV transmitter.

Regulated Power Supply, V116 through V120.

A complete filament and regulated B+ supply is contained on the
exciter panel. This makes it possible to remove the exciter
panel from its cabinet and operate it independent of any other
unit simply by connecting 117 VAC to TB101l terminals 7 and 8.

Ti03 is capable of providing up to 8 amperes at 6.3 V AC for
filament demands. Tubes within the exciter unit draw 5.62
amperes. Rectification of the high voltage provided by Ti03

is done by means of rectifier tube V116, a type GZ34/5AR4 type
tube., V116 has a slow heating cathode so that B+ is not provi-
ded. for the exciter proper until other tubes in the unit have had

o_heat up and draw current. This is a safety factor that

tends to prevent arcing and over-dissipation of power supply
components,

Filtering of the positive DC voltage is accomplished by L121 and
€165/166 which is a duvual plug-in capacitor. Series regulation
of the filtered, positive DC is provided by a series type regu-
lator tube V117 a type 6080 tube, V118 is a control tube that
amplifies minor voltage variations of the regulated output.

V119 and V120 are reference tubes. Proper voltage of +3Z20 volts
is set by means of voltage adjust control R173.

The regulated supply operates in the following fashion; first,
the available positive voltage existing at the plates of V117
must be of a somewhat higher value than actually needed. Refer-
"ence tube V119 establishes the proper potential of +150 volts at
the cathode of V118 and holds it there. Reference tube V120
along with voltage dividers R173 and R152 determine the bias
applied to control tube V118, The plate of the control tube
V118 is connected to the grids of the series regulator tube

V117 and through a large value resistance to B+ (R171). With
the veltage z2djust control (R173) set for the proper output
voltage of around +320 V., a bias will be established between
the grid and cathode of control tube V118. This bias will be

in the vicinity of -5 volts. Control tube V118 will then con-
duct and draw plate current through R171 which will establish

a bias on the grid of regulator tube V117. This determines the
dynamic resistance of series regulator tube V117 which in turn
regulates the voltage drop across V117 and the amount of current
which can flow through it.
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Suppose that some stage in the exciter unit commences to draw
more current. When this happens, the voltage put out by the
regulated power supply will attempt to fall., This voltage
change will be impressed upon the control grid of V118 the
control tube through V120 and R173, The control grid voltage
of V118 will become less positive and cause V118 to draw less
current, The voltage at the plate of V118 will then rise or
go more positive as will the grids of V117, the series regula-
tor tube. When the grids of V117 become more positive, the
plate or dynamic resistance of V117 will decrease, allowing
more current to flow through V117 and decreasing the voltage

drop across it. The original "set-up'" voltage will then re-
establish itself.

V117 the series regulator tube may be looked upon as a potenti-
ometer with the arm of the pot fastened to control tube VI118.
When the voltage at the plate of the control tube V118 rises,

it causes the "arm" {(grid V117) of the pot to move in such a
direction as to decrease the resistance and raise the voltage
supplied to the exciter proper. Conversely, the "arm'" moves

in the opposite direction if voltage at the plate of V118 falls.

Approximately the same results are accomplished should the line
voltage change and the available positive voltage at the plate
side of V117 change with it. V118, the control tube, amplifies
every ninute variations of voltage whether short or long time
variations and actually increases the effective filtering of
the B+ voltage. Hum and neise output of the regulated power
supply is better than 90 dB. The power supply will normally

hold its regulation with a line variation of from 105 to 135 V.
AC,

Normal current requirements of the exciter proper is in the
vicinity of 140 ma. when putting out a full 10 watts. The
power supply is capable of supplying an additiomal 20 to 30

ma, current to other units, such as the screen of a following
amplifier stage. This external drain may be increased even
further if the power output of the exciter unit can be reduced
as is often the case when the exciter is used to drive a follow-
ing amplifier stage.

Taps are available on T103 that may also be used to compensate
for improper line voltages.
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Crystal Heater Circuit

Frequency stability of the exciter unit is better than .001% over
an ambient temperature range of +10 C. to +60 C. This is made
possible by the ¢rystal oven HR101 which maintains the crystal
itself at a temperature of 60 C.

lHleater voltage of 6.3 V., AC is supplied by T101l. When the oven
is actually heating, pilot lamp, A101 will be 1it., From a cold
start, it takes about one-half hour for the oven temperature to
stabilize properly. After this period of time, the pilot lamp,
Al0l will start cycling which indicates that the crystal tempera-
ture is under the control of the oven.

Any interference or noise impulses that might be generated by
the oven thermostat opening and closing, are damped out by by-
pass condensers C101 and C176.

Fusing

Both the crystal oven circuit and the primary power input for the
exciter unit are fused., A short in either the primary or second-
ary circuit of T101 will cause F102 (1/8 A.) to blow.

A short of B+ to ground or a shorted filament will cause F101 to
blow. F101 is 1.5 A. (Slo-Blo variety). When the exciter is
transmitting a full 10 watts output power, current drawn from
the 117 VAC line will be about 1 ampere. However, when the ex-
citer is first turned on with the filaments cold, the initial
surge 1s much greater than this. A Slo-Blo fuse must, there-
fore, be used for F101 to keep its value low enough so that a
short in the secondary circuit of T103 will blow the fuse.

Line Filters
(Located at TB101)

A group of low-pass filters are located at TB101l. They consist
of L12Z through L127 and C168 through C173. These filters serve
to keep any of the various frequencies found in the exciter unit
from leaking into the external cabling that is necessary to pro-
vide power for the exciter. Their main function though, is to
prevent stray RF fields from following the cabling into the ex-
citer. Often, in a higher power transmitter of 1 or 5 kilowatts,
a considerable RF field may exist within the transmitter cabinet.
If a considerable amount of RF leaks into the exciter circuits,
it may cause noise to exist and may influence distortion and
overall response.
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Pre-emphasis and De-Emphasis

In a true FM transmitter, deviation due to modulation is the same
for a given amplitude regardless of the frequency of the modulat-
ing signal. Nevertheless, as signals pass through the transmitter,
receiver, and space between them, certain amounts of unwanted noise
and distortion are super-imposed on the desired program. Conse-
quently, the ratio of the signal to unwanted noise decreases in the
higher audio frequencies because program amplitudes in this range
do not have the intensity that lower frequencies have,

To avoid degrading reproduction of higher frequency program mater-
ial due to poor signal to noise ratio in the upper end of the
spectrum, a certain amount of added amplification (pre-emphasis)
is provided at these frequencies. Results of this process should
not sound unnatural when received and the reverse procedure (de-
emphasis) is used at the receiver. This combination of pre-
emphasis and de-emphasis provides a more uniform signal to noise
ratio throughout the audio range.

The fact that pre-emphasis results in a greater bandwidth for a
given deviation must be taken into account. However, the possi-
bility of over-modulation is not likely since the high frequency
components of the signal originally are weak and pre-emphasis
merely brings them up to the level of the low tomes.

Pre-emphasis characteristic of an FM transmitter can be specified
by a graph ES-6170 showing relationship between the audio input
and modulated output. Frequency of the audio spectrum is plotted
horizontally and the output of the unit for an input that is con-
stant in respect to frequency is shown vertically. This curve
shows that the output remains relatively constant from 50 to about
500 cycles and then rises abruptly to a peak at 15,000 cycles.
Since this rise is specified in decibels, a change of 6 dB means
a doubling of the amplitude of the signal. Therefore, if the
graph shows a rise of 18 dB from 1,000 to 15,000 cycles it means
that the amplitude has doubled three times. The resultant output
at 15 kC, therefore, is two times two, times two, or eight times
the output at 1,000 cycles (approximate). At the receiver the
reverse characteristic of pre-emphasis is used, so that natural
balance between high and low frequencies is not upset.

Characteristics of pre-emphasis and de-emphasis are normally
achieved by simple electrical combinations of resistance and
capacitance or resistance and inductance connected to give the
desired relationship between input and output voltages of the
network. Characteristics of speech are complicated and, there-
fore, networks chosen represent a compromise between duplicating

. exact loss of high frequencies and using as few parts as possible.

A simple pre-emphasis network consisting of an inductor and a re-
sistor connected in the grid circuit of a vacuum tube amplifier
is shown in Fig. 13, In this circuit audio voltage is impressed
across the inductor and resistor in series and the output is
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across the inductor. Since impedance of the coil rises with fre-
quency and the resistance remains constant, voltage across the coil
rises at the higher frequencies. The ratio of inductance to resis-
tance determines the time constant of the combination and the pre-
emphasis characteristic can be specified completely in terms of

. time constant. Wihen the inductance is given in henries, and resis-
" tance in megohms, the time constant is in microseconds. For exam-
ple, to calculate-the time constant of the network Fig. 13, which
contains a resistance of .1l megohm and an inductance of 7.5 hen-
ries; the time constant equals L/R equals 7.5/1 equals 75 micro-
seconds. For the specific ratio of inductance to resistance in

Fig. 13 the graph of output voltage with respect to input voltage
shown in ES8-6170.

A, Pre-Emphasis
( Transmitter)

AUDIO . Time Constant =
- L/R = 7.5 =

75 microseconds.

Fig. 13

De-emphasis at the receiver must be the reverse of the pre-emphasis
" characteristic., This is accomplished by making the time constant
of the resistor and capacitor in Fig. 14 equal to that of the pre-
emphasis circuit. Since capacitive reactance decreases with in-
creased frequency, the voltage across it decreases as the frequency
rises. When the proper time constant is chosen the higher fre-
quencies are restored to their normal values. If the capacitor is
“in microfarads and resistance is given in ohms, the product of R
time C gives the time constant in microseconds. For example, in
Fig. 14; the capacitor is .001 microfarad and the resistance is
75,000 ohms, The time constant, therefore, equals R times C equals
75,000 times .001 equals 75 microseconds. This is the same time
constant as that of the inductor and resistor in Fig. 13. Looking
at ES-6170 upside down the reading frequency from right to left
will give the response of this combination.

B. De-Emphasis
(Receiver)

Time Constant = R X C =
75,000 X ,001 =
75 microseconds.

Fig., 14
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To clarify the need for pre-emphasis in an FM transmitter, three
inportant reasons are listed as follows:

1. ~Most offending noise appears to be in a frequency
range of between 5 and 15 kC.
2. Given two noises of equal amplitude, the one of

higher frequency will cause greatest phase shift
of the carrier and thus appear greater in ampli-
tude at the output of the FM receiver. (This can
be somecwhat verified by listening to the high
pitched hiss in an FM receiver when the carrier
is unmodulated. Much of this is due to thermal
noise within the receiver.)

3. In normal programming, little energy content is
present at the higher frequencies.

In almost all standard broadcast transmitters the modulator circuit
of the transmitter is arranged so that the frequency deviation, due
to modulation is directly dependent upon the amplitude of the mod-
ulating signal and not upon the frequency. This is true of all
Gates FM broadcast transmitters. Therefore, whether or not fre-
quency response of the transmitter is to be flat or have pre-
emphasis is left to the audio section of the transmitter. Actually,
the audio section of Gates FM transmitters are designed to have a
flat response from 50 to 15,000 cycles. Response of the audio
system and of the transmitter as a whole is then regulated by a
plug-in unit which is connected just ahead of the audio input
transformer. Input impedance at this point is usually 600 ohms.
A-31143 is a schematic diagram of two types of plug-in units.
Diagram A is that of a flat pad with an insertion loss of approxi-
mately 17.5 dB at any audio frequency. Diagram B is that of a pre-
emphasis unit, Insertion loss at 400 cycles is approximately 17.5
dB or the same as that of the flat pad shown in diagram A, At
15,000 cycles insertion loss of diagram B is almost zero. Circled
numbers on the schematic of A-31143 represent connections to the
octal plug-in unit of the Gates transmitter.

It has become fairly standard practice throughout the FM broadcast
industry to use +10 dBm as an input level for modulating the FM
broadcast transmitter 100%. If we are using the flat pad desig-
nated "A" on schematic A-31143, and feed an audio signal of approx-
imately +10 dBm into the audio connections of the FM transmitter,
we will modulate the transmitter approximately 100% as observed

on an FM monitor. 100% modulation in the FM broadcast band is set
as 75 kC swing. For other broadcast frequencies, different swings
may be set as being 100% modulation. When using the flat pad ("A
of A-31143 schematic), it makes no difference what modulating
frequency we put into the transmitter between 50 and 15,000 cycles,
Frequency swing, or modulation percentage, will remain practically
constant, give or take a decibel or so. If we are using the pre-
emphasis pad schematic B of A-31143 and feed an input level of

+10 dBm at 400 cycles into the audio input terminals of the FM
transmitter, the monitor will again read approximately 100%
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modulation. If we now raise the frequency of the modulating sig-
nal from 400 to 5,000 cycles and still want to modulate 100%, we
must reduce the audio input level approximately 8 dB or to an in-
put level of approximately +2 dBm. If we raise the audio input
frequency to 15,000 cycles and still want to modulate 100%, we
must reduce the audio input level still further to a level of ap-

proximately -7 dBm. If we don't do this the transmitter will
over-modulate.,

The FCC has ruled that all FM broadcast transmitters in the fre-
quency range of 88 to 108 megacycles must be provided with this
pre-emphasis. All standard FM receivers are then automatically
provided with the standard 75 microsecond de-emphasis.

When using FM trensmission as a means of communications or broad-
casting in other frequency ranges, it must first be determined
what response the overall system shall have. In many communica-
tions bands the frequency swing is restricted to very narrow
limits., Also, to conserve bandwidth overall response is cut off
above about 3,000 cycles and the low below 300 cycles. It would
be of no value to use a pre-emphasis system at the transmitter
which raised the higher frequencies (15,000 cycles) 17 dB above
400 cycles when the receiver was incapable of passing anything
above 3,000 cycles. Conversely, if the audio Tesponse of the
transmitter were flat from 0 to 15,000 cycles, and the receiver
used de-emphasis, bass notes on any musical program would sound
very boomy and bassy. ligh notes would hardiy come through at
all, It is, therefore, wise to check on the overall desired re-
sponse of the entire system before deciding whether or not pre-
emphasis at the transmitter is needed.

General

If the exciter has been properly tuned up, output power in the
vicinity of 10 W. should be obtained. If trouble is experienced
along the way in the tune-up procedure, the fault can usually be
isolated by referring to typical test point voltages given on a
following page.

There are five key test points that are indicative of proper
operation.

About -35 volts should be obtained at TP104. This indicates that
the pulse stages V101 through V104 are probably operating
properly,

About -2 volts should be obtained at TP106. This indicates that
V105 and associated circuitry is working okay.

" Approximately .5 VRMS, R.F. voltage should be obtained at TP1l1l

and/or TP112. This would indicate that frequency multiplier
stages V105 through V109 are operating properly.
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Around -7 volts should be obtained at TP116. This indicates
sufficient driving power to final amplifier stage V113.

I1f a defect is suspected but can not be spotted, checking resis-
tance of the various tuning coils L101 through L115 may locate
the trouble. :

The proper resistance value of these coils is listed below along
with the condenser value for comparison purpose. The measured re-
sistance should not deviate by more than about 20%. If the accur-
acy of the voltmeter is not known, a comparison between similar '
coils can be made. For example, the resistance of L101, L102Z and
L103 should be the same.

COIL DC CONDENSER VALUE
RESISTANCE ACROSS COIL
L101,L102,L103 2} ohms ‘ 150 mmf,
L104,L105 8.6 ohms 100 mmf.
Li06,L107 5.5 ohms 24 mmf,
L108,L109 2.1 ohms 24 mmf,
L110,L111 1 ohm See Schematic
L112,L114,L115 .12 ohm Sec Schematic
L113 .43 ohm See Schematic

Considerable deviation of resistance from the above given values
indicates either the wrong coil, shorted turns, open turns or a
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,. '

Coupler Exciter to a Following Stage

it 1s preferred method that the final amplifier of the exciter be
connected 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 dum-
my load to a following amplifier stage, an attempt should be made

to get a proper match to 51 ohms at the input to the following
amplifier stage.

If the output coupling control (C159) and plate tune (C158 on the
exciter unit have to be considerably readjusted when coupled into
a succeeding amplifier stage, a major mismatch 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 interconnecting
coax between exciter and following stage.
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Most of the amplifier stages that will be used following the M5534
exciter unit will not generally require the full 10 watts of driv-
ing power. A 50 watt amplifier stage will require about 2 watts
of drive and a 250 watt amplifier about 4 watts of drive.

In no case should C158 plate tune or C159 output coupling be de-
tuned to reduce output power. This is equivalent to operating
V113 in an off resonant condition and would damage the tube
eventually.

Output power can be reduced to almost zero by turning R155, output
control to a counterclockwise position. This reduces screen volt-
age to V113 and consequently, the plate current which increases
efficiency of V113.

In some cases, B+ voltage of 320 volts will be tapped off of TB1l01l
terminal 6 to supply screen voltage to a following amplifier stage.
The external +320 should not exceed a drain of about 30 ma. for
continuous operation. '

Reducing screen voltage of V113 by adjustment of R155 will drop
V113 current drain from about 60 ma., for 10 watt output to about

25 ma. for Z watt output. This Yextra" 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 R155 and keep C158
and €159 tuned for maximum grid drive in the following stage.

V113 Efficiency

An external jumper 1s provided on TB101l terminals 5 and 6. An
ammeter may be connected in series with this jumper to measure
V113 plate current.
B+ voltage has been previously set at +320, Power input to the
plate circuit of V113 may be calculated from the ammeter and
voltage readings. The voltage drop across R153 must first be
calculated. This resistor is in the cathode circuit of V113.
Its value is 250 ohms.
The formula to use would then read:

Power input to plate circuit V113 = Ip X (Ep-(IR) )

where IR is drop across RIS3
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If, for example, the ammeter reading obtained
when connected in series with TB101-5 and 6
was 00 ma. and B+ to ground was +320:

Power input V113 06 X (320 - (.06 X Z50).)
06 X (320 - 15)
.06 X 305
18.3 watts

[ { O O

Assuming an output power of 10 watts:

Plate dissipation V113 Power input - Power output
18.3 - 10

8.3 watts

o

Efficiency of V113 Stage Power Output

Power Input

10
18.3

It

54.8%
The above figures can be considered typical.

1f the output power is not known, an efficiency
factor of 55% should be assumed.

5/26/58 ‘ -25- M5534 /M5672




TYPICAL DC TEST POINT
VOLTAGES OF M5534 EXCITER UNIT.
‘ NO MODULATION. MEASURED WITH

20,000 OHMS/VOLT VOLTMETER.

WITH DRIVE NO DRIVE
VOLTS VOLTS
TP101 -.3 to 2.5 1 to 2
TP102 -2 to -3.5 .5 to 1
TP103 9 to 13 3 to 6
TP104 -34 to -39 0
TP105 65 to 75 25 to 35
TP106 1.5 to -2.5 0
TP107 54 to 58 30 to 40
TP1038 72 to 76 23 to 28
TP109 65 to 80 35 to 45
TP110 122 to 132 195 to 205
TP111 0 DC (.4 to .6 V. RMS RF) 0
TP112 0 DC (.4 to .6 V. RMS RF) 0
TP113 110 to 120 170 to 180
TP114 120 to 140 220 to 230
TP115 190 to 210 245 to 255
#TP116 -5 to -10 0
$TP117 150 to 170 195 to 205
TP118 13 to 17 7 to 10
TP119 320 320

*Readings for TP116 and TP117 obtained with R167, output control
full clockwise or maximum output position.
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PROOF OF PERFORMANCE
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 transmitter on
a high quality receiver. This tends to 'prove-out'" the transmit-
ter since measuring and listening equipment is completely external

to the transmitter proper and the RF signal is taken from "off-the-
air',

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

First off, a sample of the transmitted RF is coupled to the modu-
lation and frequency monitor. This is taken from the antenna,
transmission line or from the PA chamber. The method used is
detcrmined 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 transmitters up to perhaps 250 watts, a sample
of RF may be taken by ''tapping" off of the output transmission
line with a variable condenser in series with the coaxial line
going to the monitor. This has the disadvantage though of intro-
ducing 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 received signal up to the necessary level.
In higher powered transmitters, a monitor loop is usually coupled

to the final amplifier section to sample a portion of the trans-
mitted output.

A good quality audio oscillator of 600 ohms output impedance is
then connected to the audio input terminals. These are TB101-1,2,
5, on the exciter unit with terminal #3 being ground. Output
level requirements are at least +10 dBm., Since the exciter it-
self is capable of generating a frequency modulated carrier with
distortion ranging as low as .2% the audio oscillator must be in
good working order.

A distortion analyzer or meter is connected to the audio output
terminals of the monitor. An oscilloscope while being an optional

item in making measurements is very helpful in tracing any possible
difficulty.

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 as the
factory are made only after complete tune-up has been done. After
the customer receives the unit, any part of the measurements may
be made without undue effect upon other measurements.

All proof of performance measurements should be made with shield
covers in place.
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Setting Carrier 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 i1f the carrier
is several thousand cycles off center, undesirable beats may oc-
cur within the monitor. This will cause high 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 portion of the RF output with a
good frequency standard and adjust Cl02 (frequency adjust controcl)
until the frequency standard shows proper frequency.

Occasionally, a crystal may be used that cannot be set exactly to
center frequency by means of C102 alone. Also, a crystal that was
originally on proper center frequency, may drift off the range of
€102 due to aging. When this happens, additional frequency adjust-
ments may be made by varying the value of C103. This condenser
controls the amount of feedback to the crystal. Increasing the
value of C103 lowers the carrier frequency and decreasing the
value of C1l03 raises the crystal frequency.

With the value of C103 set at the optimum value of 150 mmf. vary-
ing C102 (frequency adjustment control) from minimum to maximum
will cause the carrier frequency to vary approximately 30,000
cycles. Changing the value of C103 from 150 mmf. to 50 mmf, will
raise carrier frequency about 10,000 cycles. Changing C103 from
150 mmf. to 250 mmf. will lower carrier frequency about 3,000
cycles,

Distortion Measurements and Adjustments

After the exciter unit has been properly set to carrier frequency,
distortion adjustments are made, Set the audio oscillator to mod-
ulate the exciter 100% at 50 cycles. Adjust R119 for minimum dis-
tortion. Note: If R119 is considerably away from the proper
adjustment point, it may be impossible to obtain 100% modulation
or the waveform obtained may be completely '"torn up'". If such is
the case, adjust R119 for minimum distortion while modulating
somewhat less than 100%, say about 50%. Then bring modulation
back up to 100% and readjust R119 for minimum distortion as ob-
served on the distortion analyzer. Next, adjust Cl110 for minimum
distortion. Then readjust R119 for minimum distortiomn.

Adjusting Cl10 effects the percentage of modulation level as obser-
ved on the monitor. Final adjustment of C110 should be done as
follows: Distortion should first be reasonable, say better than
~1-1/2% at 50 cycles. Then commence adjusting C110 for minimum
distortion while at the same time keeping the percentage of modu-
lation set to 100% as observed on the monitor. This adjustment is
not critical but a point will be found where the distortion "dips".
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After this dip has been reached, readjust R119 for minimum distor-
tion., The distortion figure should be 1% at 50 cycles.

If it is impossible to reduce distortion at 50 cycles, it is
advisable to chedk just the audio portion of the exciter unit and
or the audio oscillator itself. The audio portion of the exciter
consisting of tubes V114 and V115 may be checked by running test
leads from TP118 and TP1203/121 to the input of the distortion
analyzer. Uistortion as measured at TP118 should be well below

.5% at any audio frequency. If distortion from the audio section
is O.K. but overall distortion as measured from the monitor is not,
then waveforms of the pulse circuitry should be checked. Typical
waveforms of V101 through V104 are given on drawing B-65626.

One hundred percent modulation should occur at an input level of
approximately +10¢ dBm from 50 to 1000 cycles. This input level
will cause an RMS audio voltage at TP118 of about 30 volts. If an
input level of +10 dBm does not generate an RMS voltage of about
30 volts at TP118 then a defect in the audio section may be sus-
pected. If sufficient RMS voltage exists at TP118, and the ex-
citer will not modulate 100%, then a defect in the modulator or
previous stage should be suspected. )

If any FM system, worst distortion occurs at the lowest modulating
frequency, in other words, if distortion is .5% at 50 cycles, then
distortion can be expected to be better at all higher modulating
frequencies., Occasionally, a higher distortion figure may result
between 10,000 and 15,000 cycles. The fault will not generally

lie in the modulator stage, however., It could lie in the audio
section.

If higher distortion is present at the higher modulating frequen-
cies only, it can usually be traced to one of three causes.

1. High FM or AM noise.
2. Insufficient bandwidth in frequency multiplier stages.

3. Frequency and modulation monitor not correctly tuned
to carrier frequency.

A standard monitor contains de-emphasis circuitry that causes
lower modulating frequencies of 50 to 1000 cycles to 'come out"
of the monitor with an apparent advantage of around 15 to 17 dB
over audio that is recovered at 15,000 cycles. If noise is down
only 40 to 50 dB with respect to 100% modulation at 400 cycles,
it will usually not prevent a good distortion reading at a low
modulating frequency. Uowever, if frequencies between 10,000 and
15,000 cycles are 15 dB lower in amplitude than 400 cycles, the
noise with respect to these frequencies will only be about 30 dB
down. This would correspond to the 3% distortion range on a dis-
tortion analyzer. A quick check to determine whether noise is
causing an apparent high distortion reading is to remove all modu-
lation from the input to the exciter or transmitter. If the
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distortion meter needle does not drop appreciably, a noise measure-
ment should be made on the exciter.

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

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

Once set, distortion controls R119 and C110 may not have to be re-
set for the 1life of the exciter unit. Changing modulator tubes will
probably not cause distortion figures to change by more than .1 or
.2%. There are exceptions to every rule though.

Overall Audioc Frequency Response

If the exciter unit is used in the FM broadcast band of 88 to 108

Mc or as the aural exciter unit for TV transmitters, overall audio
frequency response should follow the 75 microsecond curve shown on
drawing ES5-6170. In other frequency ranges it may be desirable to
have the overall frequency response flat.

Several methods of making frequency response measurements using an
FM monitor are available. 7Two will be described. Simplest is to
set the audio frequency at about mid-range, say 5,000 cycles, and
modulate the exciter the proper amount. In this case, the proper
modulation level would be 35%. Keeping the input audio level con-
stant, the frequency may then be adjusted upward to 15,000 cycles
and then downward to 50 cycles. Using this method, the response
will seldom rise above the curve and makes it easy to calculate
the percent or decibel error. For example, if at 15,000 cycles
modulation the modulation monitor reads only 80% modulation, it
can be quickly seen from drawing ES-6170 that the response is -2dB
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
input audio has to be increased to bring the monitor up to the re-
quired percentage of modulation at any modulating frequency.

Another method of measuring frequency response involves keeping
the percent of modulation constant as read on the monitor. To
use this method, the audio oscillator output must be accurately
calibrated. To start with, the carrier should be modulated 100%
at 400 cycles., Changing the audio frequency from about 50 cycles
to 400 cycles should not change the percentage of modulation
appreclably, if the modulating frequency is raised upward, say to
5600 cycles, the input level must be reduced to keep the percent
modulation at 100%. For 5000 cycles, the amount of reduction
should be 8.2 dB. For 15,000 c¢cycles the amount of reduction of
input level should be 16.9 dB.
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Recording the amount of reduction of input level versus modulating
frequency and reversing the sign of polarity will give the rise in
frequency response. 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 generate the aural carrier for a TV trans-
mitter where a normal 100% modulation is 225 kC. This will corres-
pond to 33-1/3% modulation on a standard FM monitor for the FM
broadcast band of 88 to 108 mC.

Seldom will any difficulty be encountered in coming close to the
standard 75 microsecond curve between 400 and 10,000 cycles. Gen-
erally, if troubles develop with response it will show up as being
2 or 3 dB down at 50 cycles and/or down the same amount at 15,000
cycles. Frequency compensating condensers have been incorporated
in the audio amplifier section to take care of just such a contin-
gency. Cl63 will affect low frequency response between 50 and 100
cycles. For each .01 mfd. that Cl63 is reduced, the response at
50 cycles will rise approximately 1 dB. (160 affects response be-
tween 10,000 and 15,000 cycles. Changing the value of C160 from
50 to Z00 mmf, will raise the audio response as measured at TPl18
about 3 dB at 15,000 cycles.

Audio response as observed at TP118 will usually have to be com-
pensated high about 2 dB at 50 cycles and at 15,000 cycles, to
obtain an ideal overall response curve.

Stagger tuning L103 will also help response at 15,000 cycles a dB
0T so. When this is done, a voltmeter should be connected to TP106
and the amount of staggering of L103 should not reduce the negative
voltage observed by more than .5 volt.

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 analyzer. Remove all

modulation and read the FM noise on the appropriate scale. FM

goise of the exciter unit can be expected to approach 70 dB or
etter.

If FM noise is high, the audio section is the most logical place
to start looking. Removal of the last audioc tube V115 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 and including the crystal through the modulator
stage V104. Stages after V104 are unlikely to cause FPM noise.

AM Noise

AM noise is measured or referenced with respect to a 100%
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amplitude modulated wave. This AM noise usually consists of 60
or 120 cycle hum superimposed upon the carrier. There are sev-
eral ways of making this measurement, Some FM monitors have a
provision for making this measurement. This measurement should
be made with no modulation present.

AM noise as measured from the exciter unit is usually so low as to
be difficult to even measure. It will generally be better than 70
dB., If AM nolse is high, it can actually originate in most any
stage. lHowever, if upon analyzing the tvpe of noise it is found
to have a 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. A
loose connection in any stage will cause the AM noise to rise when
the eXciter unit or cabinet is jarred. A point often overlooked
in making AM noise measurements is the sampling loop or device.
For example, 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.

Typical Proof of Performance Readings

If the exciter unit has been shipped as an individual unit, the
complete test data sheet will probably have been filled out and
included within this section. If the exciter unit is part of a
higher power transmitter, the test data sheet is included with
the overall instruction book. A set of typical readings for
proof of performance is given below:

Carrier frequency, 0K

Distortion at 100% modulation: Response with reference
to standard 75 micro-
second pre-emphasis

_ curve,
50 Cycles W32 i, 1 dB

100 Cycles 28 siiiiieie. =03 dB

400 Cycles W25 i 0

1000 Cycles 25 i, 0

2500 Cycles B 0

5000 Cycles 20 L 0

7500 Cycles e23 siiiiiee.. - 4 dB

10,000 Cycles .36 .v.vvevee. -.2 dB
15,000 Cycles .68 .......... -1 dB
 FM Noise: -69 dB

AM Noise: Better than -70 dB
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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 condensers, potentiometers and variable in-
ductors will, perhaps, stay set in one position for the life of

the exciter unit. The one exception to this would be C102 the
frequency adjust control.

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

One of the best ways to foretell trouble is by test point volt-
ages, These are recorded on the factory test data sheet. When
the exciter unit is first received and placed into operation, it
is advisable to go over these test point voltages and record the
reading obtained. The test point voltages should then be checked
weekly or monthly. A substantial variation from the original re-
corded 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 setup such as shown in drawing A-4165 will possibly reveal
an eminent failure of one of the audio stages or one of the pulse
stages V101l through V104.

When tubes are checked and replaced, it is wise to replace them
in their original socket. If V111, V112 or V113 are changed, it

may be necessary to retune associated circuitry for best
performance,
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TROUBLESHOOTING
It would be impossible to list every failure and possible cure that
might occur in the exciter unit. The same thing may be said of any
other piece of electronic gear. However, 90 to 95% of all failures
can perhaps be predicted with a few p0551b1e 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.
2. Problems associated with modulation of carrier.

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

A, No carrier (no power output).
B. Low carrier (power output low).
C. Intermittent Carrier.

D. Oscillation.

E. Carrier off frequency.

Problems associated with carrier only will now be discussed and
some possible remedies and troubleshooting hints suggested.

A, No Carrier

Of the many problems that can occur, this perhaps is the most
serious and yet the easiest defect to find. When this happens, a
tube has usually gone completely dead. A comparison of test
peint voltages with those given at the end of the complete tune
up precedure, test data sheet or voltages recorded at test points
when the unit was working properly should reveal the dofective
stage. The dlfference in test point voltages with an without
drive is in most cases quite pronounced. When a tube has gone
completely sour or dead, voltages noted at test p01nts located
in the plate circuit of that particular tube will rise up to the
full plate voltage of +320 volts. If the tube is drawing exces-
sive current, the voltage noted at the test point will be extrene-
1y low. A 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 quickly isclate the trouble to a single generél area, the
following process could be followed:

1. Check to sec if B+ voltage exists at TP119.

2. Check negative voltage at TP104. A reading of about
-35 volts here indicates V101 through V104 are
operating properly.

3. Check negative voltage at TP106. A negative reading
here from -2 to -3 volts indicates that the grid of
V100 is recceiving drive from previous stages.

4, Check RF voltage at TP11ll and/or TP112. An RF
voltage here of about .5 volts RMS indicates that
there is sufficient drive up to this point.

5. Check negative grid voltage of V113 at TP11l6. A
reading of at least -5 volts here indicates plenty
of drive and that the grid circuit of V113 is
operating.

Should all of the suggested methods fail to locate the trouble,
a more thorough check will have to be made., Reference to volt-
ages listed on schematic diagram C-78064 and to waveform measure-
ments on diagrams B-05625 and B-65626, in the back of the book,

may help. Approximate RF voltage measurements are also included
at the end of this section.

B. Low Carrier

The same general routine used to track down the stage causing a
carrier failure can be used to check for a low carrier. Tracing
down the fault for a low carrier can be more elusive though be-
cause voltages will not deviate as much from normal. Low carrier
levels are usually caused by a tube with low emission. A slight
mistuning somewhere along the frequency multiplier chain can
cause low output. Reference to the RF voltage chart at the end
of this section may be of additional help.

C. Intermittent Carrier

An intermittent carrier can be very difficult to track down be-
cause about the time test equipment is set up to find the trouble,
it disappears. A recommended method of finding this is to start
at the final stage V113 and place a meter probe inte TP117. Then
tap on the chassis or whatever else it takes to cause the inter-
mittent condition. Working back toward the crystal from stage
to stage and test point to test point; a point should be reached
where a test point voltage does not vary as the intermittent
condition is caused to occur. This should be the last properly
operating stage. It should be expected that the failure 1is
occurring in the stage immediately following the point where the
test point voltage is not varying.
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An intermittent carrier can be caused by most anything. A bad tube,
condenser, resistor or loose comnnection or an intermittent short.

L. Oscillation

It is an almost unheard of condition for a frequency multiplier
stage to oscillate since frequencies found in the grid circuit are
different from frequencies found in the plate circuit. It is within
the realm of possibility, however. If an oscillation should occur,
it will probably be traced to the final amplifier stage V113. This
stage is self-neutralizing and will probably not cause any trouble
as long as the shields over the coils are tightly in place and all
connections are tight.

A condition somewhat akin to oscillation has been noted while using
pulse circuitry similar to that in this exciter unit. A leaky con-
denser or intermittent connection in the pulse circuitry can cause
multiplier stages to '"fire'" off at their resonant frequency. This
oscillation will be damped and only occurs momentarily but may be
aggravating.

E. Carrier Off Frequency

When the carrier is consistently too far removed from proper center
frequency, the trouble can be traced directly to the oscillator
stage. This could be due to the oven thermostat sticking and caus-
ing the c¢rystal to overheat or could be-due to the oven not heating
at all. 1If the thermostat is sticking, pilot lamp Al10l will be on
all the time provided it is not burned out. If the oven is not
heating at all, the pilot lamp should not light.

Some crystals will age and drift off frequency after a length of
time. Replacement of the crystal is the only solution here. A
change of value of almost any component in the oscillator stage
V101 could also cause the carrier frequency to deviate.
Problems associated with modulation of the carrier will now be
discussed and some possible remedies and troubleshooting hints
suggested. Under this category, sub-divisions might be as follows:

A. High Distortion.

B. Improper Frequency Response.

C. Will Not Modulate At All.
D. High FM Noise,
E

. High AM Noise.
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When it is known that any of the above listed faults exist, it will
save time to first isolate the trouble to either the audio stage or
. the rest of the exciter unit. It is easy to check the output of
the audio stages by connecting a ground lead from a black testpoint
and a "hot"™ lead from TP118. These two leads can then be run to
the input of a distortion analyzer. If these leads are very long,
they should be shielded or they may pick up external hum and noise,

A, High Distortion

When high distortion is present, it can usually be divided into
three categories.

1. Distortion high throughout the audio specrum
of 50 to 15,000 cycles.

2. Distortion high at low frequencies only.
3. Distortion high at high frequencies only.

When distortion is high throughout the audio spectrum of 50 to
15,000 cycles, the fault is apt to lie in the audio stages of Vil4
or V115, It is wise to check these stages anyway when modulation
difficulties are experienced. A failure of any component in the
audio stages could cause the distortion to rise, Checking volt-
ages against the schematic should show the difficulty. Changing
a tube will usually cure the trouble,

It is characteristic of an FM system that the greatest difficulty
in attempting to modulate occurs at low freauencies. When the
overall distortion is high between 50 and 400 cycles only, the
trouble will usually be found in the modulator stage V104 or in
the pulse circuitry just preceding it in stages V101 through VI1O03.
A check of the waveforms in stages V101 through V104 is advisable.
These can be checked against drawing B-65626. These waveforms
were made with a calibrated scope type 524AD Textronix. If a
calibrated scope is not available, an ordinary scope may be cali-
brated approximately by the following method: Peak to peak wave-
forms are always 2.8 times the RMS value of a sine wave. The hot
scope lead can be connected to a “hot' filament wire which should
have an AC voltage present of about 6.3 VAC. The peak-to-peak
value would then be 17 or 18 volts. The scope can then be cali-
brated accordingly by setting a reference point on the scope screen.

The most important waveform to check is that at TP103. With V104
removed from its socket, the waveform here should be a good saw-
tooth with an amplitude of 25 to 30 PP volts. The leading edge
should be linear with no rounding off. When V104 is inserted and
“the bias properly set, the waveform will be 'cut' approximately in
the middle horizontally.
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When distortion occurs only between 10,000 and 15,000 cycles it is
normally due to high noise or a clipping of sidebands in some tuned
stage. The FM noise can be quickly checked. 1t should be somewhere
in the vicinity of -60 dB to assure that noise is not masking out a
good distortion rgading. The monitor should be checked for proper
tune-up. Improper tune-up of the first two or three frequency multi-
plier stages will cause a high distortion reading at high audio fre-
quencies. If touching up the tuning slightly of L101 through L107
decreases the distortion, a complete retune up of L101 through L107
is indicated. L101, L10Z and L103 are most likely to clip sidebands
and cause high distortion at 15,000 cycles.

B. Improper Frequency Response

If frequency response is not correct the audio section should again
be checked for proper response. The frequency response as noted at
TP118 should approximate the desired overall frequency response., It
usually will be Z dB or so high at both extremes of the auvdio spectrum,

Should the frequency response noted at TP118 prove to be okay, but
overall frequency response be down at 15,000 cycles, it will usually
be caused by too narrow a bandwidth or mis-tuning of some of the low
frequency multiplier stages L101 through L107. L101 through L103 ave
most apt to cause this difficulty. Improper tuning of the modulation
and frequency monitor can also affect apparent frequency response.

A change in the components associated with modulator stage V104 can
cause poor low frequency response, This is especially true of C1l12,
R118 and R117 or R119.

C. Will Not Modulate at All

This condition will probably resolve down to a dead audio stage.
However, if audio is present at TP118 and the carrier cannot be
modulated, it is likely that C112 has developed a short. It is
possible in some cases for V104 to be dead and still pass a carvier

through due to the tube capacity. In such a case, modulation could
not occur,

D. FM Noise

If FM noise exists, the audio stages can be quickly eliminated by
pulling V115 from its socket. Noise in the audio stage can be
caused by a heater-cathode leak or a filament wire lying near a
grid connection, Hum from the power supply or improper regulation
of the power supply can cause noise in the audio stages.

If the noise is mnot located in the audio stages, the next most
probable suspect is the pulse stages of V101 through V104. Any
amplitude variation in these stages will cause a '"frequency
modulated" noise component. This could be caused by a heater-
cathode leak or failure of a stage to properly limit. Hum from
the power supply could also cause this difficulty. Modulation
at a 60 cycle rate can also be caused in the crystal circuit by
induction from the crystal heater,.
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E. AM Noise

AM noise is one fault that will not usually be traced to the audio
stages because an amplitude variation in the audio stages causes
an FM noise compenent to appear. While this type of difficulty
can occur 1in most any stage except the audio stages, it is most
apt to prevail in one of the frequency multiplier .stages and
usually near the higher frequency end of the multiplier chain.

Hum in B+ coming from the power supply, heater cathode leakage or
an intermittent connection can cause this defect. Ilum from heater
cathode leakage will show itself as a 60 cycle component and poweT
supply hum as a 120 cycle component.

Typical RF Voltage Measurements.

The following RF voltage measurements were made using an H-P
Model 410B VIVM., The AC probe (RF) was utilized in all cases.
Also the probe was utilized in all cases. Also, the probe was
placed into the circuit under test and that particular circuit
then retuned for resonance. Frequency of the exciter unit was
88.1 mc. It may be impossible to obtain these readings at the
high end of the band if capacity or inductance can not be re-
duced a sufficient amount to obtain resonance when the probe
is placed in the circuit.

All values are RMS.

Location Reading
Pin 5, V105 13.5 V.
Junction C118,C119,L102 8.2 V
Pin 1, V106 6 V.
Pin 5, V106 18 V.
Pin 1, V107 5.2 V.,
Pin S5, V107 29 V.
Pin 1, V108 4.7 V.
Pin 5, V108 29V,
Pin 1, V108 6.6 V.
Pin 5, V109 34 V.
J101, TP111 A7V,
J102, TP112 .51V,
Pin 5, V110 6.2 V,
Pin 6, V110 6.4 V.
Pin 1 § 2, V110 21 V.
Pin 5, V111 gV,
10,5 V.

Pin 6, V111
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Location

Pin
Pin
Pin

Pin
Pin

Pin

5/26/68

1§ 2, Viil
5, V112
6, Vii2,

1§ 2, Viiz
18 3, V113

6 & 8, V113

Readings

23 V.
9V,
9.5V,

26 V.
i9 V.,

150 V.,

-40-
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Smeol'No.

Al101
AT101

C101,C104,C108,
C161,C163,
C162,C176

€102

€103

C105
€106,C115,C116,
€117,C120,C121,
C1z22
C107,C123,C125,
€126,C127,C129,
€130,C131,C134
€109

€110

C111

€112,C164
€113,C118,C119

C114,C135,C136,
C142,C143,C145,
€175

Cl124,C146

€13z
C128

C137,C144
C138,C140
€139,0141
€147,0148,C149,
€150,C151,C153,
C155,C156,C157
C152,C159
C154,C158

2/9/62

M5534 STEREO EXCITER

PARTS LIST

Gates Part No. Description

396 0045 000  Lamp, 6-8 V. #47
932 0016 001 Std. 75 microsecond pre-emphasis
pad

506 0014 000 Cap., .1 mfd, 400 (W)V. DC

520 0301 000 Cap., Vari. 4.5 to 100 mmfd.,
shaft type

516 0193 000 Cap., .00015 mfd, *310%, 6GO(W}V.
ceramic tubular

516 0185 000  Cap., .00005 mfd, £10%, 600(W)V.
ceramic tubular

516 0082 000 Cap., .0l mfd., 1 kV.

516 0074 000  Cap., .005 mfd, *20%, 1 kv,
ceramic disc

506 0012 000 Cap., .03 mfd, 400(W)V. DC

520 0125 000 Cap., Vari. 4.5 to 100 mmfd.

516 0191 000 Cap., .0001 mfd, *10%, 600(W)V.
ceramic tubular

506 0017 000 Cap., 1 mfd, 400 (W)V. DC

516 0175 000 Cap., .000015 mfd, *10%, 600(W)V.
ceramic tubular

516 0054 000 Cap., .0001 mfd, *20%, 1 kV
ceramic disc

516 0172 000 Cap., .000005 mfd, *10%, 600(W)V.
ceramic tubular

516 0345 060 Cap., .5 mmfd, 600(W)V. ceramic

502 0183 000 Cap., 1 mmfd, £.5 mmfd, 500(W)V.
silver mica

516 0173 @GQ0 Cap., 0001 mfd, 10
ceramic tubular

516 0252 000 Cap., .00033 mfd, ®10%, 600(W)V.
ceramic tubular

516 0179 000 Cap., .000025 mfd, +10%, GOO(W)V.
ceramic tubular

o

, G00(W)V.

516 0043 000 Cap., 470 mmfd, +20%, 1 kV
ceramic disc

520 011Z 000 Cap., Vari, 2.7 to 19.6 mmfd.

520 0169 000 . Cap., Vari. 2.4 to 10.8 mmfd.
(butterfly type)

-1~ M5534 Stereo Exciter




Symbol No, Gates Part No. Description

Cl60 518 0039 €00 Cap., Trimmer, 50-380 uuf.
. C165,C166 524 0013 000 Cap., Filter 30/30 mfd. € 525(W)V.
. bC
€167 522 0133 000 Cap., Filter 16 mfd, 450 (W)V.

€168,C169,C170, i
€171,C172,C173 516 0250 000 Cap., 500 mmfd, £20%, 500 V. DC
ceramic (button type)

Ci74 516 0227 0090 Cap., 500 mmfd, *20%, 500 (W)V.
BC ceramic feedthru type

€177 506 0016 000 Cap., .5 mfd, 400 (W)V., DC

F101 398 0079 000 Fuse, 1% amp, 3 AG Slo-Blo

F102 398 0006 000 Fuse, 1/8 amp, 3 AG

HR101 558 0001 000 Crystal Oven w/internal octal

socket, 6.3 V. heater for
operation at 60 C.

J101,J102 612 0237 000 Receptacle, UG-290A/U

J104 612 0369 000 Phone Jack

L101 913 1104 001 Freq. Multiplier Coil Assembly
L102Z,L103 915 1105 001 Freq. Multiplier Coil Assembly
L1064 913 1106 001 Freq. Multiplier Coil Assembly
L105 913 1107 G0O Freq. Multiplier Coil Assembly
L106,L107 813 1108 001 Freq. Multiplier Coil Assembly
L108,L109 913 1109 001 Freq. Multiplier Coil Assembly
L110,L111 913 1110 001 Freq. Multiplier Coil Assembly
L112,L11S 492 0025 000 Coil, 2 to 3.7 uh,

L113 492 0027 000 Coil, 3.4 to 7 uh.

L1114 492 0024 000 Coil, Vari. w/ brass slug

L1116 913 1112 001 6J6 Plate Coil

L117 913 1113 001 Grid Coil for V113

L118 913 1114 001 Plate Coil for V113

L119 Output Coupling Coil for V113
L120 494 0110 000 R. F. Choke, 3.3 uh.
L1z2,L123,L1z26,

L127,L128 494 0004 GO0 R. F. Choke

L1121 476 0013 000 Choke, 6 hy. @ 160 ma, 165 ohms
L1Z4,L125 913 1116 001 Isolation Choke for AC Line
P101,P102 610 0238 000 Plug, UG-88/U

P103 620 0122 000 Adapter, right angle

R101,R165,R166 540 0218 000 Res., 2.2 megohm, % W, 10%
R102,R113,R118,

R122,R125,R129,

R133,R144 540 0186 000 Res., 4700 ohm, % W, 10%
R10%,R124 ,R104,

R109,R112,R139,

R158 ,R159 ,R164,

R175 540 0202 000 Res., 100K ohm, % W, 10%
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Symbol Ko, Gates Part No. Description

R105,R152,R168 540 0190 000 Res., 10k ohm, % W, 10%

R106,R114 540 0207 000 Res., 270k ohm, % W, 10%
R107,R115 540 0762 000 Res., 68k ohm, 2 W, 10%

R108 540 0180 000 Res., 1500 ohm, % W, 10%
R110 540 0182 000 Res., 2200 ohm, % W, 10%

R111,R121,R128,

R132,R136,R138,

R141,R142,R145

R146,R149 ,R150,

R162,R163 540 0206 000  Res., 220k ohm, % W, 10%
R116 540 0208 000 Res., 330k ohm, % W, 10%
R117 540 0198 000 Res., 47k ohm, % W, 10%
R119 550 0071 000 Pot., 50,000 ohm, linear
R123,R126,R127,

R130,R120,R134,

- o u W W

R135,RL31 S40 0210 000 Res., 470k ohm, 1/2 W, 10%
R137 540 0184 000 Res,, 3300 ohm, 1/2 W, 10%
R140 540 0056 000 Res., 2k ohm, 1/2 W, 10%
R143,R147 540 0760 000 Res., 47k ohm, 2 W, 10%
R148 540 0178 000 Res., 1k ohm, % W, 10%
R151 540 0752 000 Res,, 10k ohm, 2 W, 10%
R153 542 0064 000 Res., 250 ohm, 10 W.
R154 540 0166 000 Res., 100 ohm, % W, 10%
R155 550 0073 000 Pot., 100k ohm, linear
R156,R169 540 0756 000 Res.,, 22k ohm, 2 W, 10%
R157 540 0196 000 Res., 33k ohm, % W, 10%
R160 540 0189 000 Res., 8200 ohm, % W, 10%
R161 540 0183 000 Res., 2700 ohm, % W, 10%
R167 542 0095 000 Res., 10k ohm, 10 W.
R170 540 0478 000 Res., 6800 ohm, 1 W, 10%
R171 540 0213 000 Res,, 820k ohm, % W, 10%
R172 540 0754 000 Res., 15k ohm, 2 W, 10%
R173 550 0067 Q00 Pot., 10k ohm, linear
R174 913 2346 001 Resistor Assembly, .1 ohm
5101 604 0005 000 Toggle Switch
T101 472 0088 000 Heater Transformer, Pri. 115 V,
50/60 Cycle, Sec. 6.3 V. C.T. @
1.2 Amp.,
1102 478 0144 000 Transformer, Audio Input
T103 472 0248 Q00 Transformer, Power
TB101 614 0054 000 Terminal Board
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Symbol No.

TP101,TP102,
TP103,TP104,
TP105,TP106,
TP107,TP108,
TP10S,TP110,

-TP111,TP112,
TP113,TP114,
TP115,TP116,
TP117,TP118
TP119
TP120,TP121

V101,Y105,V106,
V107,V108,V109,
V118
V102,V103,V114
V104
V1106,V111,V112
V113

V115

V116

V117

V119,V120

XAl101

XAT1, (XC165,
XC166)XV116,
XV117

XF101,XF102
XHR101

XV101,XV105,
XV106,XV107,
XV108,XV109,
XV110,XV111,
XV112,XV115,
XV118,XV119,
XV120

XV102,XV103,
XV104,XV113,
XV114

Y101

2/9/62

Gates Part No.

612
612

370
370
370
370
370
370
370
370
370

406

404

402
404

404

404

0312
0311

0040
0116
0112
0082
0054
0032
0133
0158
0001

0057

0068

0021
0053

0038

0042

000
000

000
poo
000
000
000
000
000
000
000

000

000

000
000

000

000

Description

Test Point Jack
Test Point Jack

Tube,
Tube,
Tube,
Tube,
Tube,
Tube,
Tube,
Tube,
Tube,

6AUG
ECC83/12AX7
12AT7

6J6

6360

6AQ5A
GZ34/5AR4
6080

0A2

Pilot Light Assembly, Clear

Socket, Octal, Mica filled

Fuseholder
Crystal Oven Socket

Socket, 7 pin miniature,
mica filled

Socket, 9 pin noval, mica filled

Crystal in T9D Holder

M5534 Stereo Exciter
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