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1.01 

1.02 

1.03 

1.04 

1.05 

DZSCRIPTION 

The FM-R-250B is an FM Transmitter with 250 watts maximum out- 
put, operating on one fixed frequency between 88 MC to 108 MC. 
When properly installed, the operating characteristics exceed 
those required by the Federal Communications Cormnission for m 
Broadcast servide. The transmitter is designed for continuous 
Broadcast operation. 

Basic Circuits of the transmitter consist of the following: 
Exciter, Modulator ?anel; Regulated Low Voltage ?ower Supply; 
Control Circuit Panel; Power Amplifier; and Cabinet Assembly 
consisting of High Voltage Power Supply and Meters. 

The Exciter Modulator consists of a crystal controlled oscillator, 
pulse time modulatorj a,udio amplifier and proper frequency multi- 
pliers to provide proper input to the final amplifier. The 
crystal frequency is multiplied 864 times to reach an operating 
frequency between 88 to 108 MCS. This produces a crystal freq- 
uency between 102 to 125 KC. A block diagram in the drawing 
section gives the sequence of multiplication. Pulses are tievel- 
aped from the output of the oscillator and applied to the mod- 
ulator tube. Output from the audio amplifier applied to the 
modulator tube causes a phase shift in the spacing between the 
pulses occurring at crystal frequency. The series of frequency 
multipliers restores the linearity to original signal and the 
phase shift results in frequency modulation. A meter on the 
exciter panel measures the relative plate current of tubes Vl 

Vl2 The meter switch index number corresponds to the 
$$~"%99 number l (Pos. #2 measures 3502, etc.). 

The Low Voltage Power Supply is a regulated power supply supply- 
ing fIB voltage to the exciter unit and the screens of the final 
amplifier. There is a control for setting the output voltage 
and a control for hum cancelling, 

The Power Amplifier is two 4Xl50A tetrodes operated in a push- 
pull circuit. The grid circuit is essentially a half wave 
tuned line with some of the circuit contained within the tubes 

themselves. Tuning is effected with a variable condenser 
across the far end of the tuned lines. The plate circuit is a 
quarter-wave linear element tank using a shorting bar for great 
changes in operating freauency and a tuning vane for small 
changes. The tuning vane varies the electrical length 'by vary- 
ing.the surge im::>edance of the quarterwave transmission line. 
Since the electrical length of this line is determined by the 
capacity across the open end, presented by the tube inter- 
electrode capacity, the lower the surge impedance the longer 
(physically) the line must be for a given frequency, As the vane 
is moved toward the tank elements, the surge impedance de- 
creases. Therefore, the electrical length is increased or de- 
creased with the physical relation of the tuning vane with re- 
spect to the tank elements. 
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1.06 CIRCUITS for controlling and operating the transmitter are 
affected by controls located on the front panel. Two main 
switches apply primary power to all transmitter circuits and 
apply high voltage to the Power Amplifier. A switch on the 
left side of the panel switches the P,A. grid cm-rent meter 
to measure the individual screens of the Power Amplifier. 
The switch on the right side of the panel adjusts the line 
voltage to provide proper primary input to all circuits. 
Three controls adjust the grid circuit, plate circuit, and ' 
coupling to antenna of the power amplifier, There are three 
relays of the telephone type located on the front panel. The 
one on the left side is a low voltage overload, the one in 
the middle a D.A. plate current overload and the one on the 
right a P.A. drive failure. dnergizing or de-energizing of 
these relays in turn energizes the trip coils of circuit 
breakers of the circuits involved, Five trouble lights 'are. 
located on the panel. When '9AIRYv is lit there is sufficient 
air flowing past the anodes of the final amplifier. When 
F'LOW VOLTAGE OVEtiL0AD77 is lit intermittently with switching 
on the filament and L,V. switch an overload of the low volt- 
age power supply is indicated. When !'PLATE CUilK?,NT OVERLOADff' 
is lit intermittently with switching on the plate voltage 
switch an overload of the P.A. plate circuit is indicated. 
When 99P.A. GRID Y;XCITXTION9f is lit there is not sufficient 
drive to the P.A. grid circuit. Prhen "DOOR" is lit the rear 
door is closed, closing the interlock circuit that will not 
allow the application of high voltage to P.A. 

1.07 The plates of the P.A. tubes are cooled by pressurixing,a 
chamber below the deck their sockets are mounted in and allow- 
ing the blown air to pass through the radiators of the anodes 
and out the plate tank elements. A pressure switch in the 
chamber insures enough air forcrecommended cooling., Another 
blower provides cooling for all rema.ining tubes .in the L.V. 
power supply and exciter unit. A fan in the top of the cab- 
inet exhausts the rest of the transmitter. 

1.08 Protection against electrical shocks from the high voltage 
circuits is provided for by a door interlock.,. Th.e closing 
of this switch energizes the trip coil of the' "PLATE VOLTAGE" 
circuit breaker, removing primary input voltage from the 
primary of the H.V. transformer. 

1.09 A service circuit provides 115 Volts A.C. for test .equipment, 
soldering iron, etc., and voltage to the heaters in the 
crystal ovens, A light for servicing and inspection is switch- 
ed on when the rear door is opened. 

1.10 An Instruction Book for the R.F. power and standing wave ratio 
coupler and meter is included following this section. 
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1.11 SPECIFICATIONS: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

04) 

05) 

(16) 

(17) 

Power Output - 100 t0 250 Watts. 

Frequency Range - 88 to 108 MCS. 

R.F. Output Impedance - 51.5 ohms with maximum standing 
wave ratio of 1:2. 

Type of Oscillator - Direct crystal control. 

Frequency Stability - f.OOl% on carrier frequency. 

Type of Modulation - Phase shift. 

Modulation Capability - L 100 kilocycles. 

Audio Input Impedance - 600 ohms. 

Audio Input Level - Approximately 10 DBM 

Frequency Response - fl DB, 50 to 15,000 cycles with 2f75 Kc 
Swing as reference. 

Distortion - Maximum l-l/Z% 50 to 15,000 cycles. 

Tube Complement - One Type 6lS6 

Four Type 12AT7 
Five Type 6AH6 
Three Type 5763 
One Type 61&6 
Three Type 6AS7 
One Type 6SH7 
One Type VR105 
Two Type 5Uq.G 
Two Type 866A 
Two Type 4Xl5OA Eimac 

Power Input - 1250 Watts, approximately. _L 

Power Source - 115 Volts, 60 cycle, single phase. 

Ambient Temperature - 200 C. to 550 C. 

Dimensions - 78 inches high, 28-l/2 inches wide, 36 inches 
deep, approximately 75 Cu.Ft. boxed for export 
Shipment. 

Weight - Net approximately 900 pounds. 
Gross , packed for export, approximately 1100 pounds.. 
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UNPACKING 

2.01 Upon receipt and uncrating the FM-R-250B should be carefully 
inspected for arrival in good condition.. If any damage is 
noticed to any section of the equipment, an immediate claim 
should be filed with the delivery transportation company and 
replacement items immediately ordered from the Gates factory, 

2.02 The complete transmitter should be thoroughly inspected and 
checked for loose screws or connections which may have been 
loosened due to rough handling in shipping. Time spent at 
this point may save many hours when the equipment is put into 
operation. 

2.03 Near the socket of each tube in the FM-R-250B Transmitter, the 
tube type is stencilled to assist in tube replacement, 

2.04 For safe shipment, the large power transformer and certain 
other apparatus are removed from the EY~-R-~~'OEL Il\ihere these 
are removed, drawings, pictures or following discussion on 
the individual items will make replacement an easy matter. 

2.05 Exhaustive work is done in the individual checking of each 
FM-R-250B Transmitter before shipment to ascertain that it 
performs correctly both electrically and machanically and 
will arrive at its destination in excellent condition. Each 
transmitter is subjected to an operational period of several 
hours and given an individual test for distortion, noise, 
freauency response', stability, adjustment and all operating 
conditions. 
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3.01 

3.02 

3.03 

3.04 

3.05 

3.06 

3.07 

INSTALLATION 

Before an attempt is made to install the FM-R-25OB, certain 
preliminary planning should be done. Providing and checking 
the following items will insure a good installation job. 

A low reactance power source of 1.15 volts, 60 cycles, single 
phase, with a peak demand of 3 KW should be installed and 
terminated in a conduit directly under the proposed FM-R-2508 
location. This power source should have ;I minimum lead 
length from the last point of distribut.i:)r. and should use 
wire conductors of size 10 or larger9 l'll-is transmitter 
power source should be fused separately and feed no other 
apparatus. Running this power source in lead encased wires 
inside steel conduit is highly recommended to obtain both 
audio and radio frequency shielding near the transmitter unit. 
Connect to terminals 1 and 2 of TBlOl located on left side ' 
of main deck viewed from rear, 

A secondary power source of 115 volts, 60 cycles, single 
phase, with a peak demand of approximately 500 watts should be 
provided. This is the service circuit and also provides 
heater voltage for the crystal ovens. There is no switch 
for this circuit so the crystal ovens will maintain tempera- 
ture when the transmitter is shut down. Connect to terminals 
3 and 4 of TBlOl located on left side of main deck viewed from 
rear. 

A jack and plug on the left side of the P.A. enclosure is 
provided for monitoring. An RG8/U coaxial cable may be 
connected here and extended through the bottom or back of the 
cabinet, wherever preferred. No feedthru hole is provided 
for the monitor cable. 

The audio freauency input to the transmitter should be 
connected to the audio input terminal block through a separate 
conduit, here again using lead encased wires inside steel 
pipe. This audio frequency input line should be separated 
from the power input line and the FM monitor lead with the 
best isolation possible. Connect to terminals 1, 2, and 3 of 
TB102 located on right side of main deck viewed from rear. 

A 
% 

round strap should be provided of 2 inch copper strapping, 
.O 4 inches thick preferably. This strap should be as short 
as possible and if very long, more than one provided. The 
strap may be connected to the transmitter by scraping the 
paint off and drilling and tapping screw threads at the 
point of grounding. A large surface area of contact will 
produce best results. 

Floor space directly under the transmitter should be capable 
of supporting 125 pounds per square foot and as level as 
pract'icai. Four leveling bolts are in the base of transmitter 
to assist in leveling. After leveling, the base should be 
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shimmed up so the screws will not continually be supporting 
the weight of the transmitter. If it is not practical to pro- 
vide a channel in the floor under the transmitter for power, 
audio, and monitor leads, a frame could be made of two by four 
lumber to set the transmitter on. With the back of the frame 
open, all leads could b;? cabled out the back. This frame should 
be painted black for appearance. 

3.08 The output impedance of the Micro-Match coupler unit is 
51.5 r?ms. A plug is provided for RC/?J coaxial transmission 
line ior connection to the antenna. 

3.09 If the ambient temperature in the transmitter exceeds 550 C., 
air conditioning or other means of cooling should be pro- 
vided. 

3.10 To ease the installation of parts removed for shipment, 
the sides may be taken off bv blocking up the sides and re- 
moving the eight hex head machine bolts. The top plate the 
fan is mounted on will have to be removed to install the plate 
tank elements of the P.A. The top plate of the Power Ampli- 
fier enclosure must also be removed to install the plate tank 
circuit. The plate tank elements are held in place by two 
wing fasteners that secure the bT:passing plate to the top deck 
of the P.A. enclosure. Care should be used in seating the 
elements on the plates of the tubes. Chimneys around the plate 
radiators insure that a sufficient amount of air passes through 
them. After slipping the P.A. tank elements through the upper 
deck, the flexible high vo.ltage lead may be connected to the 
element supporting plate by removing a 6-32 round head screw 
(that goes through the plate to a bypass condenser) and 
connecting the high voltage to this point. The shorting bar 
may now be placed on the tank elements. The factory test 
data sheet will indicate how far from the top deck the shorting 
bar is to be placed for the frequency the transmitter is shipped 
on. 
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lNITIAL OPERATING .?ROCEDURE 

4.01 After the installation is complete and the crystal oven heaters 
have been on heat for two hours or more, primary power may be 
turned on. Placing the low voltage and filament switch in the 
*TON" position applies voltage to all filaments, control cir- 
cuits, and #D to exciter stages and final screens. 

4.02 As the exciter heats up, an increase in the P.A. grid current 
meter will be noticed (with meter switch on the left of the 
front panel in that position). The final multiplier C557 and 
C558 of the exciter are left tunable. They should be adjusted 
for maximum P.A. grid current. If the P.A. grid is far mis- 
tuned a small.peak may only be obtained; however, returning 
the P.A. grid will bring the drive up to the required amount, 
The P.A. plat e voltage connot be applied and will be switched 
off if the grid drive is not sufficient or fails. The P.A. 
grid current energizes E303, opening a set of contacts that 
removes voltage from the trip coil of S304 (the high voltage 
switch and circuit breaker). 

4.03 The exciter should be allowed towarm up for fifteen minutes 
or so before applying the P.A. plate voltage. After warm-up 
the P.A. grid and C557 and C558 of exciter should be retuned 
for maximum grid current. 

4.04 The plate voltage is applied to P.A. by placing the plate 
voltage switch in the rrONvl position. If the plate tank is 
far out of tune the plate circuit will overload energizing 
relay E3O2, whose contacts apply voltage to the trip coil, 
The P.A. plate voltage may be lowered by removing a plate cap 
from an 866A and P.A. plate circuit tuned to resonance. The 
grid circuit should be retuned and the plate cap placed back 
on the 866~. Retouching up the grid and @ate tuning, the 
coupling may be increased to the antenna. At the ends of the 
vane tuning range there is a mechanical stop on the drive shaft. 
Care should be exercised that these stops are not hit with 
too great a force as they might loosen up or shear off, 

4.05 The loading to the antenna is increased by bringing the 
coupling loop closer to the plate tank elements. As the 'coup- - 
ling is increased the plate circuit should be retuned.for min- 
imum P,A. plate current. At these VHF frequencies it will be 
noticed that maximum output will not exactly coincide with 
minimum plate current. The plate circuit should be tuned 
slightly on the side of plate current dip that gives an in- 
crease in R.F. output. At the iower end of the frequency band, 
one side of the coupling loop is grounded. At the higher end 
of the band the grounding bracket is used as a variable capa- 
city to assist in coupling to the antenna. The factory test 
data she.?t will indicate how the bracket is used per frequency 
the transmitter is shipped on. The loading to the antenna 
should be increased to the desired power output up to 250 watts. 
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Power out is indicated by the R.F. output meter with the switch, S201, 
in the trFOR,tf position. VHF experience dictates a standing wave 
ratio of no greater than one to one point three must be maintained 
between the transmitter and antenna, S.W.R. is indicated on the R.F, 
output meter with S201 in S.W.R. position. Before reading S;.W.R.,. 
the meter should be ad'usted to full scale reading by adjusting the 
V.S.W.R. control (R202 . 3 The switch S201 is placed in the "CAL." 
position for this adjustment. The final plate circuit should not be 
loaded in excess of 300 Ma plate current, 

4,06 The five lights on the front panel are to indicate trouble in 
the circuits involved as discussed previously. 5, t 

4.07 There are two controls on the regulated power supply, R609 is 
adjusted for /B output voltage as given on the factory test 

'a>> 

data sheet. R604 is adjusted for minimum noise when a noise % 
measurement is made on the transmitter. ~604 cancels out hum f 
in the regulated power supoly. R604 should be adjusted for min- .Y 
imum hum after R609 is adjusted for #B as given on the factory ccfc' 
test data sheet. 

4.08 (3.502 on the exciter unit is used to adjust the crystal oscilla- 
tor to exact operating frequency. A monitor loop is provided 
on the final amplifier enclosure to give a sampling R.F. volt- 
age to operate a frequency and modulation monitor. C502 is 
adjusted for exact final operating frequency by comparing 
against a monitor or an external monitcn*ing source that offers 
a frequency checking service. 

4.09 Provision is provided for pre-emphasis plug-in pad arrangement. 
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NORMAL DAILY OPERATION 

5.01 Normal daily operation should consist of a routine recording 
of all meter reading and comparing them against previous 
readings. The foilowing points should also be checked. 

5.02 S302, the LINE VOiTAG.3 ADJUST switch should be set to give 
6.0 volts P,A. filament voltage. 

5.03 If a frequency and modulation monitor is used, daily checks 
of operating frequency and frequency deviation may be made. 

5.04 Tuning of the final grid and plate circuit and output coupling 
may be checked. These are front panel controls and only slight 
adjustment if any may be needed daily. 

5.05 Power output and standing wave ratio may be checked daily. 
Any change in daily readings will serve as an indication to 
correct:, trouble-that might cause 'soff the air timeP* in the 
near fiztture. 

5.06 If primary power should fail or be shut off, the secondary 
power source will maintain the operating temperature of the 
crystal oven. When the primary power source is again in 
operation, application of the high voltage to the power 
amplifier will place the transmitter back in operation, 
Checking the P,A. filament voltage and checking the tuning 
of the final should be done. If the crystal oven heater 
circuit should. fail,time must be given for the oven to come 
up to temperature before the transmitter is placed in operation, 

5.07 The ffscrewdriver" adjustments in the coil cans and multiplier 
stages of the exciter are factory tuned circuits and do not 
renuire any adjustment on installation or daily operation. 
The a:xciter tune-up is covered in the following section. 
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EXCITER TUNE-UP 

The exciter is the most important section of the transmitter. 
Good operation of the entire equipment is dependent upon the 
exciter operating properly. Inasmuch as the exciter operation 
is so important, it is completely adjusted at the factory to 
obtain the optimum characteristics, and the adjustments which 
affect its operation, are sealed and should not be touched under 
any circumstances without consulting the Gates Radio Company 
at Quincy, Illinois. It is possible to adjust the exciter in 
the field if the engineer doing the work has proper knowledge of 
the operation of this portion of the equipment and is well 
versed in the operation of, and has available the proper test 
equipment in good condition that is necessary to accomplish 
tune-up of the exciter. The following list of test equipment 
must be on hand for this purpose: 

1. One Audio Signal Generator providing the frequencies 
of.50, 100, 400, 1000, 2500, 5000, 7500, 10,000 and 
15,000 cycles per second. The important character- 
istics of this Audio Signal Generator are as follows: 

(a) Distortion - Not more than ,2$ at an output 
level of #lO DBM. 

(b) Noise - 70 DB below an output level of #lO DBM. 

It must have a meter suitably calibrated to read 
output levels indicated above. 

2. A Frequency Modulation Monitor designed so that it 
will deliver recovered audio from the frequency 
modulated signal that it monitors to the test equip- 
ment, having distortion of not more than .25% in 
output signal and noise level of 70 DB below 100% 
modulation at 15,000 cycles. 

3. A Distortion and Noise Meter capable of making measure- 
ments at all the audio frequencies listed for the Si nal 
Generator and having distortion of not more than .15, ? 
at 50 cycles and a noise level of -70 DB, 

4. A Vacuum Tube Voltmeter equivalent to the Hewlett-Packard 
41OB which is equipped with an R.F. probe. Drawing 
A-4165 shows the complete factory test setup connections 
and should be carefully observed before connecting the 
test equipment to the transmitter. The following is 
the procedure used at the factory for tuning up the 
exciter: 

7.01 Before starting to tune the exciter, refer to the Padding 
Chart, drawing 671-PE-101. If the final operating frequency 
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is to be changed to a different band other than originally 
shipped on, the padding capacities across the primary and 
secondary coils of the transformers must be shanged as 
shown on the Padding Chart. The condensers are located 
on terminals outside the coil cans that extend through the 
exciter panel, 

7.02 To facilitate in ease of tune-up of the multiplier trans- 
formers, the exciter may be removed from the transmitter and 
a three-conductor cable made up to supply filament, B# 
voltage and ground return. This will made metering and 
adjustment easier. 

7.03 

7.04 

7.05 

7.06 

7.07 

7.08 

7.09 

7.10 

Adjust R517 to approximately mid-position. 

Adjust C513 to maximum capacity. 

Plzcs R.F. probe of HP V.T.V.M. on grid. (Pin 2) of V504, 
A ;-eading of about 4 volts R.F. will indicate the oscillator 
V501, V5O2 and V503 are operating properly, 

Place probe of VTVM on grid (Pin 1) of V505. A reading of 
about 14 volts R.F. will indicate V504 is operating. 

In all other adjustments of the exciter a piece of spaghetti 
is slipped over the R.F. probe of the VTVM to lessen the 
capacity loading of the circuits by the diode probe, The 
coupling is through the capacity of the spaghetti only and 
not direct to the naked probe tip. 

Place probe of the VTVM on plate (Pin 5) of V505. Take a 
short length of wire with an alligator clip on each end 
and short the secondary coil of T5O2. Pins that the primary 
and secondary coils of T5O2 through T505 are connected to 
extend through the chassis. With the aid of the schematic 
and an ohmmeter, the correct terminals can be located. 
Now tune the primary or plate side of T5O2 to resonance as 
indicated by a maximum reading on the VTVM. If the padding 
is correct, the correct harmonic of the oscillator will be 
the frequency the circuit tunes to. Remove the short from 
the secondary coil and tune this circuit for a minimum 
reading of the VTVM with the probe still on the plate of V505, 
The primary tuning is the screwdriver adjustment on the left 
side on top of the shield can and the secondary tuning is 
on the right. T502 is now tuned for proper bandpass character- 
istics and to the correct multiplier frequency. 

Place probe of VTVM on plate (Pin 5) of V506. Follow same 
procedure as in Section 7.08 and tune T503. 

Place probe of VTVM on plate (Pin 5) of V50'7. Follow same 
procedure as in Section 7.Og and tune T504. 
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7.11 

7.12 

7.13 

7.14 

7.15 

7.16 

7.17 

7.18 

7.19 

7*20 

7.21 

7.22 

Place probe of VTVM on plate (Pin 5) of V508. Follow same 
procedure as in Section 7.08 and tune T505. 

Place probe of VTVM on grid (Pin 8 or 9) of V511. Tune T506 
for maximum reading on the VTVM. 

Place probe on grid (Pin 8 or 9) of V5l2. Tune primary and 
secondary of T509 for maximum reading on VTVM. 

Place probe on grid (Pin 5) of V513. Tune primary and second- 
ary of T510 for maximum reading on VTVM. 

With C570 at maximum capacity, adjust C569 for minimum plate 
current as observed by a dip in meter reading (M507) with 
switch (S501) in position 13. 

Decreasing capacity of C570 will increase loading to the 
antenna circuit. Meter M604 will increase in reading as 
the antenna is loaded into. Continue to decrease the value 
of C570 in steps and resonate the plate circuit with ~569 
until desired output is obtained. 

The exciter is now tuned up and the transmitter is ready for 
a check at the final operating frequency. 

,-A The frequencies of T509, T510 and C569 should now be checked 
with a wave-meter or grid dipper as it is possible to tune 
these stages to other multiples of the crystal than the 
correct one. 

Set up the test equipment in the manner shown in the drawing 
A-4165. 

Install C573, ;005 mfd, and C580, 130 mmfd. These capacitors 
are low and high frequency compensation respectively. The 
values of these capacitors may require some slight adjust- 
ment after preliminary frequency response ch.ecks, due to 
variance in components and wiring, 

Set the audia generator to 400 Cps. and the output to a 
point that,gives 100s modulatian on the modulation monitor. 
Adjust R517 and C513 for minimum distortion. 

Set the audio generator to 50 Cps. and.the output to give 
100%' modulation. Readjust R517 and C513 for minimum distortion. 

Check.the distortion at 50, 100, 400, 1000, 2500, 5000, 7500, 
lO,OO@and 15,000 cycles. 
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7.23 

7.24 

7.25 

7.26 

7.27 

7.28 

If the distortion should be excessive at 15,000 cycles, but 
satisfactory at lower frequencies, this would normally 
indicate that one or more of the double tuned stages are not 
tuned properly. If excessive, adjust verx slightly the 
primary or secondary, or both of T5O2, T503, T504 and T505 
for a reduction in distortion. If any great amount of 
mistuning is done at this point, the complete exciter tune- 
up must be gone through again. 

When the distortion is within specifications at all fre- 
quencies, the frequency response is checked. This is done 
by holding the output of the audio signal generator constant 
and measuring the percent of modulation on the modulation 
monitor. The response of the transmitter should follow the 
standard 75 microsecond pre-emphasis curve (See drawing 
A-4197). Decreasing C573 will increase the low frequency 
response and decreasing C580 will increase the high frequency 
response. If there was any adjustment made in Section 7.24, 
this also will affect the high frequency response, either 
increasing or decreasing it, due to aide-band cutting in 
these stages. 

Noise is measured with 100% modulation at 400 Cps. as 
reference. The modulation is removed and the FM and AM 
noise on the carrier is measured with the monitor and 
distortion noise meter, Final tests and operation must be 
done with all covers on, sides on and doors closed. 

The modulator circuits are in general relatively insensitive 
to tube changes and replacements. In rare instances it may 
be necessary when replacing the 12AT7 tubes in V503, the 
sawtooth generator, to adjust R517 and C513 (normally only 
R517), for minimum low frequency distortion. This adjust- 
ment should be made only when the proper test equipment is 
available as the distortion will normally be within speci- 
fications and F.C.C. requirements even without adjustment. 

When replacing V513 (6146) the output tuning control C569 
and the loading control C570 should be retuned for maximum 
power output. 

Replacing any or all other tubes in the exciter can be done 
without any appreciable change in noise, distortion, bandpass 
or power output of the exciter. 
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6.01 

8.02 

8.03 

&CL 

8*05 

8,06 

8.07 

Et.08 

$09 

6.10 

MAINTENANCE 

Maintenance of the FMR-250B should consist of a periodie 
checking of tubes, meter readings, cleaning, visual in- 
spection, and lubricating places requiring same. 

All tubes in the exciter except Vgll may be replaced with- 
out retuning the circuits they involve. Vgll requires re- 
placing the tuning of it's plate circuits should be check- 
ed for maximum P.A. grid current. 

The P.A. tubes are removed by releasing the.wing fasteners 
in the top deck and pushing the elements up,taking care 
not to put undue strain on the tubes, Remove the old tubes 
and seat the new ones in the sockets. Place the chimneys 
around the tubes and gently seat the P.A. elements on the 
tubes. Fasten the wing fasteners and retune the P.A. 

The three relays should have the dust cleaned out as re- 
quired and the contacts.burnished with a knife blade. These 
relays are of the telephone type and will require little 
attention, 

The blowers should be lubricated every three months with a 
few drops of S.A.E. 20 oil, The fan in the top of the cab- 
inet requires no lubrication, 

The indicator lamps are neon and will not require replace- 
ment unless broken,. 

Once a month the transmitter should be cleaned of dust. The 
sides may be removed for this if desired. Remove the cover 
of the P.A. enclosure and the blower mounting plate for the 
P.A. The P.A. enclosure should be thoroughly wiped clean 
of dust. The points o.f high electrostatic fields are dust 
collectors and if allowed to accumid$lte..may cause arc-overs, 
Remove the cover from the exciter and check for dust and 
effect a general visual inspection. 

The air filter in the rear door should be removed and clean- 
ed when filled with dust and foreign matter. Take off the 
perforated plate, remove the air filter and brush off the 
dirt. Complete the cleaning by washing in kerosene or 
gasoline and then dipping or pouring on S.A.E. 40 or 50 oil. 
Allow the filter to drain completely before installing back 
in the transmitter, 

A good preventative maintenance schedule will provide best 
insurance of trouble-free transmitter operation. 

Should a breakdown occur in the exciter or low voltage 
power supply the bad part may be replaced and the trans- 
mitter placed back on the air. For optimum performance 
the exciter tune-up should be checked with the equipment 
and with the set up as given in the exciter tune-up section, 
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8.11 If a frequency change is to be made in the field the exciter 
padding must be changed according to the chart. The trans- 
formers of the exciter may be roughly tuned by tuning the 
plate circuits for plate current dip and the following grid 
circuit for an increase in plate current of the stage being 
tuned. C557 and C558 are tuned for maximum P.A. grid cur,+ 
rent. The shorting bar of the P.A, plate elements may 
be set for the new frequency, If the new frequency is 
lower the shorting bar is moved away from the tubes. 
higher the bar is moved nearer. Adjusting the vane nearer 
the plate elements raises the frequency. The best 'position 
for the shorting bar will be where the vane tunes the P.A. 
plate circuit when it is about 2 inches away from the ele- 
merits. After a frequency change the transmitter should be 
checked out with the test equipment and test set up shown 
in the exciter tune-up section, at the earliest opportunity 
for optimum operating results. 
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GUARANTEE 

This equipment is fully guaranteed by the Gates Radio Company of Quincy, 
Illinois, to be free from all defects in materials and workmansh*n and 
will be repaired, 

----IF ---- 
replaced or adjusted in accordance with the manufact- 

urer's option and terms as outlined below. 

1 - Gates believes the purchaser has every right to expect first-class 
quality materials and workmanship and has created rigid inspection 
and test procedures plus excellent packing methods to assure good 
arrival at destination. 

2 - Gates agrees to supply daily factory service, and will make emer- 
gency shipments at any time where possible. 

3 - Gates fully guarantees, under normal and proper usage, all compon- 
ent parts in Gates equipment, except as noted. These parts will 
be replaced or repaired at the option of Gates as follows: 

Transmitter Partg: main power or plate transformer, modulation 
transformer, modulation reactor, main tank 
condensers. 

(replacements or repairs) - where less than 1 year old...no 
charge, between 1 and 2 years 
old 50% or new price 

Parts : Moving Guaranteed for six months. 

Electron Tubes: Subject to manufacturer's warranty at the time 
of shipment. Adjustment will be made to the 
customer as given to Gates Radio Company by the 
tube manufacturer. 

All other c.omponent parts: (Except as listed above or below) 
Guaranteed for one year, 

Abuse: Damage resulting from an Act of God, or by fire, wind, 
rain, hail, or any other condition other than normal 
usage is not covered by the guarantee. 

4 - Date of invoice to original user-purchaser and date of receipt by 
Gates Radio Company of notification from the customer will deter- 
mine the age of equipment or parts. 

5 - In case of adjustment, 
“new price 11 is Gates* 

as on certain transmitter parts listed above 

adjustment. 
current price at time of replacement and/or 

6 - This guarantee covers only Gates manufactured parts and complete 
Gates equipments including all parts therein, with exceptions a6 
noted. Any purchased part not manufactured by Gates will be sub- 
ject to the manufacturer's guarantee, unless such part is a unit 
incorporated in Gates manufactured equipment. 

-1. *Gatesway* 
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8. 

9- 

10 - 

11 - 

12 - 

Transcription pickups, regardless of make, are guaranteed for nine- 
ty days - said guarantee including every associated part of the 
pickup except the stylus, which because of its fragility is not 
guaranteed by Gates. 

Where the replacement part in question must be supplied under the 
guarantee before the defective part can be returned for inspection, 
as might sometimes be required, the customer will be billed in full 
and credit or adjustment will be given on receipt of the defective 
part in accordance with this guarantee and the terms herein. In 
order for credit adjustment to be received in line with this guar- 
antee the defective or replaced part must be shipped prepaid to 
Gates Radio Company or to any other destination requested by Gates 
within two weeks of the date of the invoice covering the replacement 
part. Any item alleged defective shall not be returned to Gates 
until after written permission has been first obtained from Gates' 
home office at your request. 

All shipments under this guarantee will be made f.o.b. Quincy, Illi- 
nois and all materials returned will be shipped prepaid by the cust- 
omer f.o.b. Quincy, Zlinois 

As a material part of this guarantee the customer agrees to employ 
capable technical personnel to maintain all equipment under this 
guarantee in good, normal condition, properly serviced and cleaned 
and to use said equipment as and for the purpose intended by seller. 
This guarantee does not extend to the supply by Gates of any per- 
sonnel to make any replacement, repair or adjustment. 

Gate3 shall not be responsible for damages to items in transporta- 
tion or careless handling; or injuries to persons or damage to pro- 
perty arising out of the use or operation of Gates equipment or 
parts, but Gates will supply repair or replacement 2tems speedily, 
which will be billed to the customer who, in turn, will place claim 
with the carrier, with assistance from Gates if necessary and when 
80 r8qUeSt8d. 

Delays in fulfilling any part of this guarantee because of depleted 
stock, floods, war, strikes, power failures, transportation delays, 
or failure of suppliers to deliver, or because of Acts of God or 
any other conditions beyond the control of Gates, does not in any 
way render Gates liable under this guarantee; however, every effort 
will be made to render prompt service. 

13 - Gates agrees that this equipment sold is manufactured, where need 
be, under Royalty License Agreements with Western Electric Company 
and Radio Corporation of America. 

14 " This Guarantee is not transferable from the original user-purchaser, 
and no right of subrogation is given herein. 

15 - This Guarantee is effective on all standard Gates cataloged items 
sold after June 11, 1951. 
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OVERALL ELECTRICAL PARTS LIST FOR 
FMR-250B BROADCAST TRANSMITTER 

Svmbol MO. Drawing No. 

Al01 
A102 
A103 
Al04 

A301,A302,A303, 
A304,A305 
A306;A307,A308, 
A309,A310 
A401 
A601 

c101,c102 

c4ov406 
c4o7. 
c408,c409,~4lo, 
c411 
~412 
~601 
~602 

E301,E302,E303 
r: ;; -11926 

J401' 
J402,J4.03 

LlOl,L102 
L4Ol,L402 
L403 
L404A 
~&oj,~406 
L407 
L408 
L4o4B 

M201 

M202 

M203 

8-8670-1 

A-8944-101 

A-8946-101 
A-9741-101 
A-8944-102 

Description 

Lamp, lOOW., 1lOV. 
Micro-match, 4OOW., 51 Ohm 
B.C. Outlet 
Fan, 115V., 
650 CFM 

50/60 cycle, 1500 R.P.M. 

Pilot Light Assembly, Clear 

Neon Lamp 
Blower, 115V., 50/6O Cycle 
Blower, 115V., 5O/60 Cycle 

Capacitor, 10 mfd., 1500 volt, Oil 
Filled 
Capacitor, 100 mmfd., 5OOOV., Ceramic 
Capacitor, Variable 

Capacitor, 750 mmfd. 
Variable Capacitor 
Capacitor, 10 mfd., 6OOV. 
Capacitor, .l mfd., 4OOV. 

Relay complete with cover, 200 ohms, 
8400 turns of $31 Wire 

Jack 
Jack 

Reactor 
Choke Coil 
Plate Tank (Part of C-18807-101) 
Grid Tank Coil 
Choke. 
R.F. Choke 
Monitor Loop Coil 
Grid Tank Coil 

Meter, 0-1OV. A.C. (Cal. for Non- 
Magnetic Panel) 
Meter, O-30 MA. D.C. (Cal. for Non- 
Magnetic Panel) 
Meter, Similar to O-l MA D.C. except 
with 0-2000V. D.C. Scale (Cal. for Non- 
Magnetic Panel) 

@d56 

--- 
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Symbol No. Drawing No. 

M204 

M205 

PlOl,P102 
P401' 
P402,P403 

RlOl 
R102 

R201.R202 
R301;R302,R303 
w&,R3O5 

R-7685-l 
R401 
R402,R403 
R404,R405 
R601,R602 
R603 
R604 
~605 
R606 
R607 
R608 
R609 
R610 
R611 

s101,s102 
s201 
s301 
5302 

s303,s3o4 

rrq.01 

TlOl 
T301 
T302 
T601 
T602 
T603 

Description 

Meter, O-500 MA D.C. (Cal. for non- 
Magnetic Panel) 
Meter, O-200 Micro Amp. D.C. with 
special scale to Drawing A-7575 

Plug 
Plug 
Plug 

Resistor, 1OOK ohm, 110 W. Ferrule Type 
Resistor, 2 megohm 2KV, 1 MA, Meter 
Multiplier 
Control, 10,000 ohm 
Resistor, 100 ohm, lW., 10% 
Resistor, 10 ohm, 1OW. 
Resistor, .l ohm 
Resistor, 3000 ohm, 1OW. P.T. 
Resistor, 10,000 ohm, low., P.T. 
Resistor, 4700 ohm, 2W., 10% 
Resistor, 50 Watt ..dj. 400 ohr?s 
Resistor; 680K onm, lW., 16% 
Control, 500K ohm, adjustable 
Resistor, 47K ohm, lW., 5% 
Resistor, 27OK ohm, lW., '10% 

i 

Resistor, 15K ohm, low., 
Resistor, 1lOK Ohm, lW., 5% 
Adjustable, 70K ohm, 4W. 
Resistor, 47K ohm, lW,, 10% 
Resistor, 100 Ohm, 2OW., Wirewound, P.T. 

Switch 
Switch, 2 pole, 2 section, Ceramic 
Switch, 2 pole, 2 section, Ceramic 
Switch, Rotary Power, 2 section, 5 
Position 
Circuit Breaker, 25 Amp., 1$5V., 60 
Cy. back connected Curve B with 115V. 
60 Cy. Relay Coil 
Coral Designs, P104 Control Close at 
,25, Oper at ,l, water column pressure 

Transformer 
Transformer 
Transformer 
Transformer 
Transformer 
Transformer 

lO/4/5Q -2- FMR-250B 



Symbol No, Drawing No. ---- 

TBlOl 
TB102 
TB103 
TB401 
T13402 
TB601 

VjOl,V302 
v401 j v4oz 
V6Ol,V602 
;;Qz,v604,v605 

v607 

x101 
X301,X302 

Description 

Terminal Board 
Terminal Board 
Terminal Board 
Terminal Board 
Terminal Board 
Terminal Board 

Tube, 866A 
Tube, 4X15OA 
Tube, 5U4G 
Tube, 6AS7 
Tube, 6SH7 
Tube, VR105 

Lamp Socket 
Socket, 4 Prong 
Socket, ~~-610, with chimney SK-606 

Socket 

D-escription 

Capacitor, .1 mfd., 2OO(W)V. 
Variable Capacitor, 5-100 mmfd. 

Capacitor, 50 mmfd., &O% 

Capacitor, .1 mfd., bOO(W)V. 

&bol No. Drawing No.. 

A501 Lamp, 6-8 Volt 

c501 
c502 

c506$539, 
c575 
c504;c505,c50% 
C510$571 ' 
C507;C512,W9, 
C520$521 Capacitor, .Ol mfd., 1KV 
C509;c522,c523; 
c524;c525$526; 
C527;C528;C529; 
c530$53l,c532; 
c533;c549,c551; 
c552$555$556, 
c57w577 
C511 
c513 
c514 
C515 

Capacitor, ,005 mfd,, 1KV 
Plug-In Capacitor, 20-20-20 mfd., 45OV. 
Variable Capacitor, 4-50 mmfd. 
Capacitor, 120 mmfd., 

f 
10% 

Capacitor, 1 mfd., 200 W)V. 

-3- mm-2 5oB 
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symbol NF. Drawing No. Description 

c557 
c558 
c559,c542,c563, 
C564;C5@$582 
C565$566 
~567 
~569 
c570 
C5'72 
cri3 
c574. 
c5qc503 
C581 

Ix501 

5503 Receptacle 

L501;L502,L509 
L504&505 
L506,L507 A-11298-1 
L5OEz A-10981-2 

M501 

p503 

PAD501 

R501 
~502 
R527 

;R57’7,R578 
$513 $524, 
,R53O,R533, 

$509 
$528 
,R5W 

R505 
R506,R518 

;;:z 
R510 

$512; 
$532; 
~,R%‘l~ 

Capacitar, 15 mmfd., &lo% 
Capacitx, .OOl mfd., 1KV 
Capacitor, 20 mmfd., 
Capacitor, 33 mmfd., f 

10% 
Part of T509) 

Capacit~~r, (bt; by Freq,) (For T510) 
Capacitsr, (D&, by Freq,) (For T510) 

Capacitor, 500 mmfd,, k20% 
Variable Capacitor; 3-20 mmfd., (For T510) 
Feedthru Capacitor; ,001 mfd, 
Variable Capacitor, 4-25 mmfdi 
Variable Capacitor; 6-100 mmfd. 
Capacitor, *5 mfd.;400(W)V. 
Capacitor, B ~zmfd,, ZOO(W)V. 
Capacitor, 1 mfd., 400 (W)V. 
Capacitor, 150 mmfd,, klO% 
Capacitor, .5 mfd., 6OO0J)v. 

Crystal Oven & Heater w/Internal Octal 
Socket (Det. by Customers Order) 

RF Choke 
Coils (Part of T409) 
50/100 MC Coil 
6146 Plate Circuit Coil 

Meter, O-1 MA D,C. (Non-Magnetic Panel) 

Plug 

Pre-Emphasis Network Pad 

Resistor, 2.2 Negohm, 1/2W,, 10% 

Resistor, 4'700 ohm, l/iW., 10% 
Resistor, 24K ohm, 1/2W., 5% 

Resistor, 1OOK ohm, 1/2W., 10% 
Resistor, 270K ohm, 1/2W., 10% 
Resistor, 10K ohm; 1/2W., 10% 
Resistor, 68K ohm, lW,, 10% 
Resistor, 1500 ohm, 1/2W., 10% 
Resistor, 2200 ohm, 1/2w,, 10% 
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Syn?bol No. Drawing No. 

R511,R519,R521; 
R523 ,R541$5?3, 
R574 
R515 
R516,R520,R566 
R517 
R522 
R!%;R531,R534, 
R535,W37 
RS29 

a567 
1x.568 
R572 
R575 
R579 
R580 
R581 
R583 
R584 
R5&5 

I R586 
R59o 
It592 
K593 

s501 

9 ~582 

R58? 

R588 
R591 

T501 
T502, T503 
T5o4 
T5o5 
~506 
T509 
T510 
TSll 

~1-10386~ 
B-10479-103 
B-10481-103 
B-104&2-103 

C-19529-101 

TB501 

v501 
V502,V5o3, 
V5O4,V517 
V505;V5O4,V5O7, 
V508J5O9 
V511,V512,V518 
V513 

lo/4/56 

--_. 

Descriptian 

Resistar, 223K ohm, 1/2W., 10% 
Resistor, 5100 ohm, 1/2W., 5% 
Resistor, 4.7K ohm, 1/2W,, 10% 
Control, 5CK ohm 
Resistor, 6200 ohm, 1/2W,, 5% 

Resistor, 470K ohm, 1/2W., 10% 
Resistor, 1 Megohm, 1/2W., 10% 
Resistor, 1500 ohm, lW,, 10% 
Resistor, 22K ohm, lW., 10% 
Resistor, 4700 ohm, 2W., 10% 
Adj. Resistor, 2500 ohm, 25W. 
Adj. Resistor, 25K+ohm, 25W. 
Resistor, 8200 ohm, 1/2w., 10% 
Resistor, 2700 ohm, 1/2x, 10% 
Resistor, 8000 ohms, ZOW. 
Resistor, 15K ohm, lW., 10% 
Resistor, 10K ohm, lW,, 10% 
Resistor, 12K ohm; lW., 10% 
Resistor, 33K ohm, lW., 10% 
Resistor, 47K ohm, lW., 10% 
Resistor, 8200 ohm, lW., 10% 
Resistor, 1090 ohm, 2W., 10% 
Resistor, 350 ohm, lOW, 
Resistor, 82K ohm, lW., 10% 

Adj, Stop Rotary Switch 

Input Transformer 
Transformer 
Transformer 
Transformer 
Variable Inductance Coil 5-9 Microhenries 
RF Transformer 
RF Transformer (Components Separate Items) 
Heater Oven Transformer 

Terminal Board 

Tube, 6BA6 

Tube, l2AT7 

Tube, 6AH6 
Tube, 5763 
Tube, 6146 

-5-‘ FMR-250B 
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Symbol No. Drawing No. 

XA501 
ZC'jll,XPAD501 
xv513 
XHR501 
xv501 
XV502;XV503,XV504, 
::v517, xv518 
;z5o5;xv506,xv5O7, 
:h.Y508 ., xv509 
x:~51i,xv512 

Description 

Pilot Light Assembly (Clear) 

Socket 
Crystal Oven Socket 
Turret Socket 

Turret Socket 

Socket 
Socket 

Crystal (Det. by Customers Order) 

LO/L/5fi -6- 
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From 
TBlOGi- 
TxLOl-2 
T602-7(sec) 
S302( corn #l 
S302(com #2 
T3Q_l;t(~rf-) 
TB603.w1 
TB601-2 
TB402-l(&Ol) 
TB103-2(AlO4) 
TGOZ-5( set) 
T602-S(sec) 
T302-115(pri) 
TBlO3-l(AlO4) 
TB402-2(A&Jl) 
s304-D 
TBlO3-2(Al04) 
a305 
S304-D 
TB402-1 
A301 
TlOl-1 &, 3(pri) 
TlOl-2 & 4(pp5) 
R-102(mtr, m&t.) 
GRN. 
E302(coil), 
E302(coil) 
GRN. 
TB601-6(T601, CIT.) 
TB601-5(Bf) 
S301-B 
TB601-3(6V) 
T301-7(sec) 
T301-5(sec) 
s301-c 
9301-A 
9301-E 
S301-D 
B6201(EF) 
=3-u E33J 
S301-(Rotor #l) 
SBOl(Rotor #2) 
T602-115(pri 4) 
T602-+(pri 3) 
T602-%5{pri 2) 
T602-f(pri 1) 
TBlOl-3 

To 
9303.Xi 
9303~A2 
S303-Bl 
S303-Bl 
S303-B2 
T302t((pri) 
T302~115(p~i) 
T30#(pri) 
T302T(pri) 
T30lz(pri) 
S304-A1 
T3Ol&$i) 
T301-115(pri) 
T301-115(pri) 
T302-115(pri) 
SlOl-closed 
SlOl-corunon 
SlOl-open 
S401-closed 
S401-common 
S401-open 
S304-Bl 
s304-AZ 
EO3f(Ep) 
&X203-(Ep) 
Cl01 & ClOZ(neg) 
M204-(Ip) 
M204f(Ip) 
X301-l(coi1) 
TB501-lO(exci.ter B+f 
TB501-lO(exciter B#) 
TB501-8(exciter Fil) 
TB401-2(PA Fil) 
%?3401-3{PA Fil) 
TB401-5(PA Screen) 
Ti3401-6(PA Screen) 
TB401-4(PA Grid) 
E303-l(coilf 
TB401-2(PA Fil) 
TB401-3kkA Fil) 
ao202J(Xg, Tag) 
M202-(Ig, Isg) 
S302-Rotor $1 
S302-Rotor #2 
S302-Rotor iy3 
X302-Rotor #4 
TB501-1 

4 
5 
9 

10 
11 
12 
13 
14 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52. 
53 

'54 
55 

38 

i i 

TB601~4 (6V.) TBfXll-7 {Exciter 8'3.1.) 
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XKRIRG CXART 

Wi2.e No. Prom 
-E%-- TBlOl-r- 

To 
AlO3-i&tility socket) 

57. TBlOl-4 Al.O3-2(utility socket) 
58. &LOl-l(utility light) Al03-l{utility socket) 
59 SUE-(closed) Al03-Z(utility socket) 
60 &02-( comR1on) AlOl-2(utility light) 
6-L TlOl-G(sec) v301-plate 
6.52 TlOl-D(sec) V302-plat e 
63 LlOl-l(i.nputJ- T302-C .T. ( see) 
64 LlOZ-Z(output) PA Plate Tank m 
65 P201(#23C)(twin shielded (Pas l& 3 

42 

coupler unit) 3201 Deck 2) 
P 
5 

66 GND on fraffie M205-Pos 
RZOl, RZOZ\statorf 

nj 
67 M205-Neg 

5302 (Sec. 1, % 
Term. 3) Al-530k c\’ 

3 
#55, (%vin shielded audio) 2 
.#gj ) f? rr t 1 1 

{#fX, 62, 63, 64, (Belden #7777 high tension cable) 

All other wires #14 stranded, black hook up Nire. 

12-6-51 



d... I’ 
..:; .-‘, 

r. ,- .“. :,f:: 
_.I 
.a. 

. 

Freq, 

88’ to 89.3 mc. 

89.5 to 93.3 -me. 

93.5 to.99.3 mc. 

99.5 to 103.7 mc. 

lO3.7’to 108 mc. 1 

Padding Chart.for FMR25OB-M4@'3 Exciter 

T501 
Pri. Set t 
250 mmf. 25a mmf. 

220 mmf, 220 mmf. 

200 m&f. 200 mmf. 

;:; iis: jg is: 

153 mmf. 153 mmf. 

T502 
Pr%, 

T503 _ * 
Sec. Pri. Sec. 

20 mmf. 20 mmf. 20 mmf, 20 mmf. 

20 mmf. 20 mmf. 20 mmf. 20 mmf. 

20 mmrzf. 20 mmf. 20 mmf. 20 mmf. 

none none 

none none 

T504 
Pri. Sec. 
20 mmf. 20 mmf. 

20 mmf. 20 mmf. 

20 mmf. 20 mmf. 

none 

none 

Capacitors 150 mmf. to 250. mmf. to be C-D 22R "Silver Mike" f 5$, Midget Mica Capacitors 
h;r type RR Sangamo) 

20 and 25 mmf. Capacitor to be GPLK Erie Ceramicons , 10% 

! i’ 
L- 

. 
D3te: 7-13-53 
:Efi-ginger: H.W.K. 




