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FOREWORD 

This instruction book is intended to serve as reference for 
the tuning and maintenance of the ITA multiplex equipment. 

In general , the arrangement of the equipment will be in two 
systems . In one , the multiplex equipment will be housed in 
the same cabinet as the main carrier exciter. This combination 
is identified as the FM- lOBM multiplex exciter . 

In a second arrangement , the sub- carrier generator and mixer 
panel are housed in a separate 19" cabinet and interconnected 
with t:,e main carrier exciter which is located with the FM 
broadcast transmitter. 

In order to reduce the complexity of this instruction book, 
complete tuning instructions for each arrangement will be 
presented. In addition , the descript ion and theory associated 
with the sub- carrier generator , mixer panel and power supply 
are included . 
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PERFORMANCE SPECIFICATIONS - PROGRAM EXCITER 

Type of Emission........ ... . . .... . ........ . . . ..... . . .. ......... FM 
Frequency Range ••.•...••..• . •.•••.•••.••..•.•. . • • . . •. 88 to 108 me 

(On Request) • • •••••• •••••• • • • • • • •• • • ••• •• 44 to 54 me 
Rated Power Output •••••• . ••••.••.••.• . ••• . •••• .... ..•.•. 10 watts 
RF Output Impedance • •••••••• • •••••••••• •• ••••••••••••..•• • 50 ohms 
Input Impedance .. . • . •.....•..••.••...•.......•.•....••.....•..• 600 
Input Audio Level • •. •••••. • •• •. ••.• .• •.• • •.•••. • ••• . .•• +10 +2 dbm 
Amplitude vs. Frequency •••••••••• • •• +l db from 50 to 15000 cycles 
Carrier Frequency Stability ••••••• • ••• ~ ••• • •••••••••• +1000 cycles 
Modulation Capability • ••••••• •• ••• ••••• •• .• •••• • •••• • •• ~ •• +100 kc 
Audio Frequency Distortion • •.• • •• •• •••••••• 1. 0% max . 50- 100-cycles 

. 5% max . 100- 7500 cycles 
1. 0% max. 7500- 15000 cycles 

FM Noise Below +75 kc •••.••••••••. • ••••••••••••••..•.• • .• • •• 65 db 
ANt Noise , r .m. s • ••••••••••••••••••••••.•.••.. 55 db below carrier 

ELECTRICAL SPECIFICATIONS - PROGRAM EXCITER 

FDWER LINE REQUIRBAENTS : 

Voltage ••• •• • •• ••• • • ••• •••••••••• 115 volts , 50/60 cycles , l phase 
Slow Line Variations • •••••• •• •• ••••••••••• •• •••••••••• •• ••• • • +5% 
Rapid Line Variations................... . ........... . ... . ... . . '+3% 
Regulation ....................................... . . .... ....... . . - 3% 
Power Consumption •• ..• •••••• • • ••••••• •••• 175 watts {approximately) 
Power Factor (approx . ) • ••• ••• ••••.• • •••••••••• . •••••••••••••• • 90% 

* MECHANICAL SPECIFICATIONS - PROGRAM EXCITER 
Width....... . ............ . .................................... 19" 
Height ..... . .... . . ......... . . . .. . .... . .. . ...... .. .......... . .. 21 " 
Depth.................................... . .. . ........... . .. . .. 3½" 
Weight •• •••• • .•• •••••••••• •• •.• • ••• • •• • . • •••• 60 lbs . approximately 
Maximum Altitude •••••••••••••••••••••••••••••••••••• • •••• 7500 feet 
Ambient Temperature ••••••• . ••• • •••••••••• • • 45°c. max . =l0°c. min . 

* TUBE COMPLEMENT - PROGRAM EXCITER 

Type Number 

* WITH POWER SUPPLY 

12AT7 
12AX7 
12AU7 
6BH6 
5763 
6146 
5R4GY 
0D3 

Quantity 

4 
l 
l 
6 
l 
1 
1 
2 

l 
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PERFORMANCE SPECIFICATIONS - SUB- CARRIER GENERATOR 

Type of Emission. .... . . .......... .. . . . .. . . .... ... .. . .. . . . . FM 
Frequency Range • • •• • • • • • ••••••••••••• • ••••• • .• •• 26 to 67 kc 
Input Impedance • • ••• • •• •• •• • ••• • ••• •• ••• • ••• • ••••• 600 ohms 
Input Audio Level ••••.••• • • •• •••• • • • • •• •• ••••••••• +10 +2 dbm 
Amplitude vs . Frequency •••.•••• +l db from 50 to 15000 cycles 
Carrier Frequency Stability • ••• • ~ • ••• • •. • • • •.• . •• ~1000 cycles 
Modulation Capability .• • • •••••. .• •••• • •• •. • . ••••• • ••• 12. 5 kc 
Audio Frequency Distortion •• ••• • •••• • 1. 0% max . 50- 100 cycles 

. 5% max. 100- 7500 cycles 
1. 0% max. 7500=15000 cycles 

fM Noise Below 12. 5 kc ••••••••• •• •••• ••• •• . • . •. • • • •.•• • 50 db 
AM Noise r . m. s •• . • • ••• • •••••••••• • •.•••• 55 db below carrier 

ELECTRICAL SPECIFICATIONS - SUB- CARRIER GENERATOR 

POWER LI NE REQUIREMENTS : 

Voltage • •• • •• •• •• •• ••••.••• • 115 volts , 50/60 cycles , 1 phase 
Slow Line Variations . . . .. .. .... .. ....... . .... ... . .... . .. +5% 
Rapid Line Variations •••••••.•• . ••••••.•••••••••• . • •• . ,. +3% 
Regulat i on ..... . ........ ..... ... . .. . . . .. .. ... . . . .. . ..... . -3% 
Power Consumption • • • . •••• • .•• • •.••• 125 watts (approximately ) 
Po~er Factor (approx. ) • •. • •• • •• •• ••••.••••. •. . •••.••••.• 90% 

MECHANICAL SPECIFICATIONS - SUB- CARRIER GENERATOR 

Width .•••.•... .. •. • • • ••..••. • •..• • .•.•• • •••.... •• •••. • •. 19" 
Height . . .... . ... . ...........• . ....... . .. . . ... ........... 17t" 
Depth . . . .... .. .. . . ......... . . ..... . . . ... .. . .. ..... . . . ... 32 " 
Weight ..•.... ... •...•••.. . . •. •. • .• . ••. • 60 lbs , approximately 
Maximum Altitude . ...... • ....•.•.•.. . ...•. . •••••.. . . 7500 feet 
Ambient Temperature . •• • •.•• • •••.• • • • •. 45°c. max . + 10°c. min . 

TUBE COMPLEMENT - SUB- CARRIER GENERATOR 

Type No . Quantity 

12AT7 6 
12AX7 3 
12AU7 1 
6BH6 4 
5R4GY 1 
003 1 
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OVERALL CROSS MODULATION SPECIFICATIONS 

SUB- CARRIER TO MAIN 

With 100% modulation on the sub- carrier using a 
modulation of 400 CPS and measuring with a standard 
75 microsecond de- emphasis and a 15 KC low pass filter , 
the energy available on the main carrier will be at 
least 65 db below the level required to modulate the 
main carrier 100%. 

MAIN TO SUB- CARRIER 

With 70% modulation of the main carrier, measuring with 
a standard 75 microsecond de- emphasis and a 7 . 5 KC low 
p~ss filter the energy available on the sub- carrier will 
be at least 50 db below the energy required to modulate 
it 100% at 400 cycles . 

* * * * * * 

lb 
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FM MULTIPLEX EXCITER I 
Figure I, Front View I 
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FM MULTIPLEX EXCITER 

Figure 2, Rear View 

2a 
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TUNING INSTRUCTIONS 

for 

ITA FM- lOBM MULTIPLEX EXCITER 

Step #1 

Install the FM- lOBM cabinet in place . Install a substantial ground between 
the cabinet and a known station ground. 

Step #2 

Connect 115VAC to the power line terminals located on the bottom of the cab
inet . Entrance may be had through a hole in the cabinet base . In addition , 
connect the audio lines to both the main car rier exciter and t he sub- carrier 
exciter. 

Step #3 

Connect the RF output of the carrier exciter to the input of the RF stage 
within the transmitter it is intended to drive . This output is available 
at the type N receptacle at the top of the cabinet. 

Step #4 

I nstall one 5R4GY and two 0D3 tubes in the carrier exciter power supply panel . 

Step #5 

Turn the switch on the main carrier exciter power supply to ON. Then follow 
the tuning instructions for the main carrier exciter located in the "main 
carrier exciter" sect ion of this instruction book . 

Step #6 

Install one 5R4GY and two 0D3 tubes in the sub- carrier generator panels . 
Turn on its power switch and follow the tuning instructions for the "sub
carrier generator" in this instruction book. 

Step #7 

Turn off the switch on the exciter power supply panel and remove the short 
jumper that is located on the main exciter panel . Interconnect the mixer 
panel with the main carrier panel by connecting a cable from the output of 
Vll (jl) to the RF input jack on the mixer panel and by connecting the RF 
cable from the input to Vl2 of the main carrier exciter (J2) and the RF 
output jack on the mixer panel . In addition , connect a cable from the sub
carrier generator output jack to one of the audio input jacks of the mixer 
panel . 

3 
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Step #8 

Turn on the main program exciter power supply. Remove tube Vl, 6AU6 , 
from the mixer panel and quickly tune the mixer panel capacitors Cl 
and C2 and then capacitors C5 and C6 for maximum indication of the Vl2 
meter reading on the main program exciter . 

Step #9 

Restore Vl to its position on the mixer panel and observe the output 
before de- emphasis of a multiplex receiver . Adjust capacitors C3 and 
C4 on the mixer panel to obtain the cleanest sub- carrier waveform while 
maintaining 15% sub- carrier injection. 

Step #10 

Retune capacitors Cl and C2 for maximum RF drive to Vl2 of the program 
exciter. 

Step #11 

Modulate the main carrier with 70% modulation at 400 cycles and observe 
the crosstalk from a multiplex receiver. Then adjust the RF stages from 
Vll in the exciter to the output of the transmitter f or minimum crosstalk 
consistent with maximum drive . If any neutralization controls exist they 
should also be adjusted for minimum crosstalk . 
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Step #1 

INTERCONNECTION OF SUB-CARRIER GENERATOR 
and 

TNJECTOR PANEL 
with 

ITA FM BROADCAST TRANSMITTER 

Install the sub- carrier generator to the left of the driver cabinet . 

Step #2 

Install the mixer panel on the same rack. 

Step #3 

Connect jumper wires between the 300 volt regulated voltage of the sub
carrier generator to the mixer panel and the 6 . 3 volt filament terminal 
of the sub- carrier panel to the mixer panel. These termi nals are the first 
and third feed thru capacitors on the sub- carrier frame respectively when 
viewed from the rear . 

Step #4 

Connect an RF cable between the output of the sub- carrier generator and one 
of the input terminal jacks of the injector panel. 

Be sure that the line switch is ''off" and connect the 110 volt AC to the 
appropriate terminals on the sub- carrier generator. 

TUNING INSTRUCTIONS 

St~Ji.L 

Refer to the tuning instructions for the sub- carrier generator and tune it 
properly. 

Step #2 

Turn on the program exciter and without touching any of its tuning controls , 
refer to the alignment procedure in the sub- carr ier instructions . 

Step #3 

Modulate the main program channel with 70% modulation at 400 cycles and 
observe the crosstalk from the multiplex receiver . Then adjust the RF 
stage from Vll in the exciter to the output of the t ~ansmitter to obtain 
minimum crosstalk . These adjustments will be in the vicinity of maximum 
drive positions . If any neutralization controls exist , they should also 
be adjusted for minimum crosstalk. 

5 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

6 

FM- lOBM PROGRAM EXCITER 

MECHANICAL DESCRIPTION 

This panel requires only lo½" of panel space in a standard 19" rack. Its 
power supply requires an additional lo½" of panel space . All of its tuning 
controls are available from the front panel . RF connectors are available on 
the RF panel to interconnect the program exciter with the multiplex mixer . 

ELECTRICAL DESCRIPTION 

Referring to the block diagram , it can be seen that this unit is a conven
tional phase modulated exciter . It consists of a low frequency oscillator 
which triggers a sawtooth oscillator. This sawtooth wave is truncated by 
the grid conductance of a triode which serves as the modulator . By intro
ducing an audio voltage in series with the cathode of this stage , the point 
of truncation changes at an audio rate . This truncation is differentiated 
and multiplied by a frequency multiplier to produce a sine wave at three 
times the crystal frequency . A series of frequency multipliers follow which 
produce an output of 10 watts at the final frequency . The grid current of 
each stage is monitored and helps facilitate the tuning of the double tuned 
circuits that intercouple the RF multipliers . The exciter contains a pre
emphasis circuit in accordance with the standard 75 microsecond pre- emphasis 
curve. 

The circuit between tubes Vll and Vl2 is completed by either a short jumper 
cable or by interconnection with the injector panel . 

TUNING PROCEDURE 

Step #1 

Inspect the program exciter and its power supply and install on these panels 
all of their respective tubes and shields. 

Step t!2 

Terminate the output of the exciter with a suitable load such as the input 
of an amplifier, antenna, or conventional resistance load. 

Step #3 

Attach the llSVAC line to the power input terminals . Turn the exciter line 
switch to ON. (In the FM- lOBM exciter this switch is located on the power 
supply) 

Step #4 

Turn the selector switch to Vl position and adjust Ll until the meter reads 
approximately 20% below the maximum value on the slow rising side of the 
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tuning curve. (Refer to excit er panel layout for coil location) 

Step #5 

Turn the selector switch to VB and adjust L2 and L3 for a maximum indication . 

Step #6 

Turn the selector switch to V9 and adjust L5 and then L4 for a maximum indi
cation . 

Step #7 

Turn the selector switch to VlO and adjust L7 and then L6 for a maximum indi
cation. 

Step #8 

Turn the selector switch to Vll and adjust 19 and then LB for a maximum indi
cation. 

Step #9 

Turn the selector switch to Vl2 and adjust Lll and then LIO for a maximum indi
cation , 

Step #10 

Turn the selector switch to Vl3 and adjust L13 and then Ll2, then Ll2A for a 
maximum indication. 

Step #11 

Turn the selector switch to Vl4 and adjust Ll5, then 114 , and then Ll4A for 
a maximum indication . 

Step #12 

Turn the selector switch to Vl4C and adjust the output tuning of the 6146 
for a dip in cathode current or maximum drive on the following stage . 

Step #13 

Turn the program exciter off and connect the audio line to the program exciter , 
Then turn the exciter on and observe the audio level required at 400 cycles to 
produce 100% modulation . It should be approximat ely 10 dbm . 

THE PROGRAM EXCITER HAS NOW BEEN TUNED. 

7 
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MISCELLANEOUS CONTROLS 

There exists within the FM- lOBM program exciter controls that are preset 
at the factory and , in general , will not require any field adjustment . 
A brief description of these controls follows : 

Exciter Chassis 

This front panel air capacitor is used for fine frequency adjustment . 
It is identified as "trimmer" . 

C23 

This variable ceramic capacitor (available at the front of the panel) 
controls the slope of the sawtooth wave and hence the sensitivity of the 
modulator proper . The indication is the carrier frequency deviation as 
observed on a monitor. With plus 10 dbm at an audio frequency between 
200 and 500 cycles , the capacitor is adjusted to give a deviation of plus 
and minus 75 kilocycles peak . 

C79 

This variable ceramic capacitor rarely requires readjustment , and should 
only be moved if 50 cycle distortion is excessive or random noise is high . 
It should then be readjusted for minimum of either of the above two indi
cations . 

R40 

This variable resistor controls the cathode bias of the first section of 
V4 , the modulator . This bias determines the amplitude and hence the phase 
at which truncation of the sawtooth wave occurs. The proper phase is in 
a reasonably large range (about 60 degrees) midway between dischar ges of 
the sawtooth wave . The most satisfactory way of adjusting this element is 
as follows : applying a high amplitude tone- plu s 15 to 20 dbm at 50 cycles 
to the audio input terminals , determine the two positions of the control 
between which the recovered tone from the monitor is clean . This may be 
judged aurally or visually according to convenience . The correct setting 
is midway between these extremes . 

The break from a clean signal to a distorted one is abrupt and drastic . 

* * * * * 
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EXCITER VOLTAGES 

Pin No . VI V2 V3 V4 V5 V6 V7 

1 175 35 13 30 75 247 - 11.8 
2 - 18 - 8 - 4.4 14 2. 5 75 
3 17 3 160 
4 6. 3AC 6. 3AC 6. 3AC 6. 3AC 6. 3AC 6. 3AC 6.3AC 
5 6. 3AC 6. 3AC 6. 3AC 6. 3AC 6.3AC 6.3AC 230 
6 160 250 255 30 123 240 175 
7 - 40 - 20 12 0 15 80 
8 1.25 16 16 75 
9 

Pin No . VS V9 VlO vu V12 Vl3 Vl4 

1 -12 - 12 - 10 - 12 - 10. 5 175 11 
2 6 . 3AC 
3 6. 3AC 6. 3AC 0 6 . 3AC 3. 2 115 
4 6.3AC 6. 3AC 6. 3AC 11 
5 220 225 225 215 215 4. 5 
6 115 115 120 195 125 200 11 
7 3 . 2 
8 - 4. 2 
9 - 4. 2 Cap. 250 

NOTE : Al l voltage readings made with vacuum tube voltmeter. 
All readings are taken with respect to GROUND and are DC 
unless otherwise noted. 

9 
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I 
EXCITER PARTS LIST I 

SYMBOL NO. I 
Cl Capacitor Fixed Met . paper lmfd 

I C2 11 " Paper . 05mfd 
C3 11 ti Mica 1500mmfd 
G4 " It Mica 470mmfd 
C5 11 " Mica 39mmfd I C6 ti " Disc . 04mfd 
C7 It 11 Electr olytic 20mfd (Par t of quad unit ) 
ca " 11 Met . paper lmfd I C9 " Variabl e Cer amic 7- 45mmfd 
ClO " Fixed Met . paper lmfd 
Cll " " Mica 1200mmfd 
Cl2 11 " " 3 . 3mmfd I Cl3 " " Paper lmfd 
Cl4 11 ti Disc . Olmfd 
Cl5 It It Disc . Olmfd I Cl6 It tt Met . paper . lmfd 
Cl7 It It Disc . Olmfd 
Cl8 " It " . Olmfd I Cl9 ti ti Paper . 005mfd 
C20 ti 11 Met . paper lmfd 
C21 It It D:.sc .Olmfd 
C22 " ti Mica 330mmfd I C23 " Variable Cer amic 7- 45mmfd 
C24 11 Fixed Paper . 005mfd 
C25 " 11 Met . paper 2mfd I C26 ,, It Disc . Olmfd 
C27 ti Variable Air E. F. Johnson 10LB15 
C28 It Fixed Paper . 005mfd 
C29 ti " Disc . Olmfd I 
C30 " It Mica 2::?0mmfd 
C3l It 11 Disc . Olmfd 
C33 It ti Mica 220mfd I C34 " ti " 47mmfd 
C35 ti " Disc . Olmfd 
C36 " ti ti . Olmfd I C37 ti ft Mi ca 3Smmfd 
C38 It 11 5mmfd 
C39 ti Ceramic . 5mmfd 
C40 It Mica 27mmfd I C41 It It 47mmfd 
C42 " Disc . Olmfd 
C43 It ,. .Olmfd I C44 ,, ti . Olmfd 
C45 It ti Ceramic 3 . 3mmfd 
C46 ti " ti . Smmfd I C47 11 " ti 3. 3mmfd 
C48 " ft Disc . Olmfd 
C49 " " Mica 47mmfd 

I 
10 I 
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I 
I SYMBOL NO. 

I C5O Capacitor Fixed Disc . Olmfd 
C51 " ti " . Olmfd 
C52 " " Ceramic . 5mmfd 
C53 " " Disc . Olmfd 

I C54 " " Mica 47mmfd 
C55 " " Disc . Olmfd 
C56 " " " . Olmfd 

I C57A " II Mica lOmrnfd 
C57B " " II 5lmmfd 
C58A " fl " 39mmfd 

I C58B " fl " 3 . 3mmfd 
C59A " fl fl 3 . 3mmfd 
C598 " II fl 5lmmfd 
C6O fl II ,, 

47mmfd 

I C61 ti II Disc • Olmfd 
C62 fl fl " . Olmfd 
C63 " fl II . Olmfd 

I C65A " " Mica lmmfd 
C658 ti fl fl lmmfd 
C67 ,, ,, 

Disc • Olmfd 

I C68 ti " II 47mmfd 
C69 " " " • Olmfd 
C7O ti II " . Olmfd 
C71 " " " . Olmfd 

I C72A " " Mica 5mmfd 
C72B ti " It , 5mmfd 
C73 ,, 

" Disc . Olmfd 

I C74 It " Mica 47mmfd 
C75 " " Disc . Olmfd 
C76 It " " , Olmfd 
en ti ti Feed thru . OOlmfd I C78 " " Mica 330mmfd 
C79 ti II Ceramic 7- 45mmfd 
cso fl " Feed thru . OOlmfd 

I C81A " " Mica • 5mmfd 
C818 II 11 II 5mmfd 
C82 fl " " 15mmfd 

I C83 It ,, ,, 5mmfd 
C84 II II Feed thru . OOlmfd 
C85 " " II II . OOlmfd 
C86 II '' Paper . O2mfd 

I C87 II II Feed thru . OOlmfd 
C88 It " " II . OOlmfd 

I Ll Inductor Variable Miller #4414 
L2 II II II #4413 

I L3 II II fl #4413 
L4 It " fl #4413 
L5 " " " #4413 
L6 It II II #4411 

I 
I 11 
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I 

SYMBOL NO . I 
L7 Inductor Variable Miller #4411 I LB " " II #4409 
I..9 II II 11 #4409 
LIO " II II #4406 
Lll II II II #4406 I 
Ll2 " II II #4404 
Ll2A II II " #4406 
Ll3 " " II #4404 I Ll4 II " II #4403 Mod . 
Ll4A II II II #4404 
L15 " 11 II #4403 Mod . I Ll6 II Fixed Specia l Stock 

RFC! Choke Fixed Ohmite 250 

I RFC2 II II II " 
RFC3 " " " II 

RESISTORS I 
R4 Fixed 150K- 1W R36 Fixed 1.2 Meg . 
R5 II 15K- 1W R37 " 68K I R6 " 18K R38 II 750 
R7 II 100K R39 II 4 . 7K- 1W 
RS Potent i ometer 2500- 2W R40 Potentiometer 50K- 2W 

I R9 Fixed 4 . 7K R41 Fixed 390K- 1W 
RIO II lOK- lW R42 II 4 . 7K 
Rll II 1 Meg . R43 II 47K- 1W 
Rl2 II 330K- 1W R44 II 15K- 1W I Rl3 II 330K- 1W R45 II 390K- 1W 
Rl4 II 8. 2K R46 II lOOK 
Rl5 II 470 R47 II 100K 
Rl6 II 39K- 1W R48 II 2 . 7K- 1W I 
Rl7 II lOOK- lW R49 II 27K 
Rl8 " 4. 7K- 1W R50 II 1.5K 
Rl9 II 8. 2K- 2W R51 II 2. 2K I R20 II 180 R52 " 47K 
R21 II 22K- 1W R53 II lOOK 
R22 II 1.2 Meg R54 II 2 . 7K- 1W I R23 II 47 R55 II 2 . 2K 
R24 II l Meg R56 II 2 . 2K 
R25 ti 33K-1W R57 II 47K 
R26 II 27K- 2W R58 II lOOK I 
R27 II 3. 9K- 1W R59 II 2 . 7K- 1W 
R28 II 2 . 7K R60 ti 1.5K 
R29 II 3 . 3K R61 II 2 . 2K I R30 " 270K- 1W R62 " 47K 
R31 II 39K- 1W R63 II 100K 
R32 II 27K- 1W R64 II 2 . 7K- 1W I R33 II l.5K- 1W R65 ti 3 , 3K 
R34 II !OOK R66 II 2 . 2K 
R35 II 2. 2K R67 II lOOK 

I 
12 I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R68 
R69 
R70 
R71 
R72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
RBO 
R81 

NOTE: 

VI 
V2 
V3 
V4 
V5 
V6 
V7 

Fixed lOOK 
It 2 . 7K- 1W 
" 2 . 2K 
" 2 . 2K 
" lOOK 
" 27K 
" 2 . 7K- 1W 
" 2 . 2K 
" 2 . 2K 
" lOOK 
fl 150- 2W 
" 10K- 2W 
" 3K- 5W 
fl lOK 

- Power ratings½ watt 

12AT7 
fl 

" 
II 

12AX7 
12AU7 
6BH6 

RESISTORS 

R82 Fixed 2 . 2K 
R83 " lOOK 
R84 " lOOK 
R85 " 500- lOW 
R86 It lOOK- lW 
R87 " lK- lOW 
R88 " 180 
R89 " 180 
R90 " 180 
R91 " 180 
R92 " 470 
R96 " 150K 
R97 " 47K- 1W 
RlOO ,, lK 

unless noted differently . All values in ohms . 
TUBES --

VB 6BH6 
V9 " 
VlO " 
Vll " 
Vl2 II 

Vl3 5763 
Vl4 6146 

13 
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FM- lOBM SUB- CARRIER GENERATOR 

MECHANICAL DESCRIPTION 

The FM-lOBM sub- carrier generator requires 17½" of panel space in a standard 
19" r ack . It has provisions on its panel for interconnection with the in
jector panel as well as terminal boards for audio and power line connections. 

ELECTRICAL DESCRIPTION 

The sub-carrier generator is a high fidelity phase modulator whose fir st s ix 
st ages are identical to that of the program exciter of the FM- l OBM. Thus, 
for a theoretical explanation of the modulation , refer to the electrical 
description of the program exciter. 

The modulated carrier is frequency multiplied until a frequency of 10 . 8 me 
is achieved . At this point in the RF chain it is mixed together with a local 
crystal oscillator whose frequency differs from the modulated carrier by the 
desired sub- carrier frequency. For example, if a 67KC sub- carrier is desired 
a 10 . 867 me crysta l oscillator is used . 

The output from the mixer is fed through a controlled output amplif ier and 
from there to an output termination for insertion in the injector panel . 

A sub- carrier muting circuit is incorporated in the generator . This removes 
the sub- carrier automatically, which in connection with the multiplex receiver 
squelch ci r cuits prevent the reception of noise during periods of no modulation 
of the sub- carrier. The time between the end of modulation and removal of the 
sub- carrier is adjustable from approximately two seconds and ten seconds . The 
rate of removal of the sub- carrier is adjusted to prevent noi se transients at 
the receivers when the sub- carrier is removed. 

TUNING PROCEDURE 

St ep #1 

Inst a ll a ll of the tubes in the sub-carrier generator panel as well as the 
lOOKC crystal and second crystal in their sockets . The lOOKC crystal socket 
is in the upper left hand corner , 

Step #2 

Attach 115V to the power terminals and turn the power switch to ON . 

Step #3 

Set the meter switch to Vl . Then tune Ll for an indication approximat ely 
20% below the maximum indication on t he slow rising side of the tuning curve . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Step t/4 

Turn the meter switch to va . Adjust L2 and L3 to maximum indication . 

Step t/5 

Turn the meter switch t o V9 . Adjust L5 and then L4 to maximum. 

Step t/6 

Turn the meter switch to VlO. Adjust L7 and L6 to maximum. 

Step t/7 

Turn the meter switch to Vl3. Adjust L9 (second oscillator) to maximum 
and then counter clockwise to about 20% below maximum. 

Step #8 

Turn the meter switch to "OUT". Adjust L8 for maximum reading . Be sure 
the output control R57 is opened up. Turn meter switch to position other 
than "OUT" . This "OUT" position has a diode connected in the circuit which 
may distort the output waveform and is used only to maximize tuning. It 
should , therefore, not be kept in this position during operation . 

The sub- carrier wave may be taken from Jl to an oscilloscope for examin
ation of the waveform when unmodulated . 

MISCELLANEOUS CONTROLS 

The normal audio input level for sub- carrier modulation is +8 to +10 VU 
at 600 ohms for 7¥C swing of the multiplex sub- carrier. 

There exist within the sub- carrier generator several controls that are 
preset at the factory and , in general , will not require any field adjust
ment . These controls are similar to those described in the "Mi scellaneous 
Controls " of the program exciter . Accordingly, it is suggested that you 
refer to this section. 

Sub- carrier muting is disabled in t he "OFF" position and each clockwi se 
step of this switch increases the muting time constant approximately two 
seconds. The proper step should be as short as permissible for the type 
program being handled. 

* * * * * * 

19 
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I 
FM- lOBM SUB- CARRIER GENERATOR VOLTAGES I 

PIN 
I 

TUBE 1 2 3 4 5 6 7 8 9 I 
Vl 160 - 18 0 F F 150 - 26 0 

V2 30 - 2 . 7 0 F F 300 - 16 2. 7 I 
V3 12 - 7 . 5 0 F F 275 +12 16 

I V4 24 12 15 F F 3J 0 n 

V5 175 0 2. 0 F F 270 22 26 I 
V6 195 50 115 F F 185 75 75 

V7 - 18 0 F F 270 180 0 I 
VB - 1.6 0 F F 260 120 0 

I V9 - 6 0 F F 270 130 0 

VlO - l.5 0 ' F 270 120 0 I 
Vll 250 0 5 F F 215 0 5 

Vl2 275 0 2* F F 185 0 1.8 I 
Vl3 275 - 23 0 270 0 5 

Vl4 275 0 0 210 0 1.8 Mute Off I 
275 8 160 0 3 . 2 Muted I 

* 8 Volts when muted I 
Measurements using 11 meg V.T.V. M. 

I 
I 
I 
I 

20 I 
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I 
I MULTIPLEX GENERATOR PARTS LIST 

I 
Cl Capaci t or Vari able 7- 45 mm fd 
C2 " Fi xed 3 . 3 rn11fd 
C3 " 1500 mmfd 
C4 " " 1. 0 mfd 

I C5 " " . 01 mfd 
C6 " " . 0015 mfd 
C7 ,, 

" 39 mmfd 

I cs " " . 01 mfd 
C9 " " . 01 mfd 
ClO " " . 01 mfd 
Cll " " . 005, 600V 

I Cl2 " " . 01 mfd 
Cl3 It II 1.0 mfd 
Cl4 " " 3:30 mmfd 

I Cl 5 II Variable 7- 115 m11fd 
Cl6 " Fixed L O mfd 
Cl? II " . 005 mfd 

I Cl8 " Va r i abl e 7- 45 mmfd 
Cl9 tt Fixed . 01 mfd 
C20 " " . 005 mfd 
C21 II " . 01 mfd 

I C22 " " . 01 mfd 
C23 II II 2?.0 m11fd 
C24 " " 5 mmfd 

I C25 " " 220 mmfd 
C:26 " II . 01 mfd 
C27 II 

" 47 rmnfd 

I 
C28 " " . 01 mfd 
C29 " " . 01 mfd 
C30 " " 50 mmfd 
C31 II " 5 mmfd 

I C32 " " 100 mmfd 
C33 " It . 01 mfd 
C34 II II 47 mmfd 

I C35 " " • 01 mfd 
C36 " II • 01 mfd 
C37 It " 15 mmfd 
C38 II Feed thru . 001 

I C39 tt Fixed . 5 mmfd 
C40 " II l 'S mm fd 
C41 It " . 01 mfd 

I C42 II II 47 mmfd 
C43 " " . 01 mfd 
C44 II II • 01 mfd 

I C45 ti II 15 mmfd 
C46 " It 5 mmfd 
C47- C48 II II • 01 mfd 
C50 " " . 0015 mfd 

I C51 II " . 01 mfd 
C52 " " . 0015 mfd 
C53 " " . 0015 mfd 

I 
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I 
C54 Cc1paci tor Fixed . 0015 mfd I 
C55 " " • 01 mfd 
C56 " II • 01 mfd I C57 " " . 01 mfd 
C58 II II 15 mmfd 
C59 II II 51 rnmfd 
C60 " " . 01 mfd I C61 11 " 100 mmfd 
C62 II II . 1 mfd 
C63 II II . 01 mfd I C64 It It . 1 mfd 
C65 II II . 1 mfd 
C66 " II . 02 mfd I C67 It ,, 1.0 mfd 
C63 II ,, . 05 mfd 
C69 II II 1.0 mfd 
C70 II II 470 mmfd I C71 II II . 1 mfd 
C72 II II 2. 0 mfd 
C73 II " Electrolytic 4 section 20 mfd ea . I C74 II It • 04 mfd 
C75 II Feed thru . 001 mfd 
C76 II II • 001 mfd I C77 II II . 001 mfd 
C78 II II . 001 mfd 
C79 II II 4 mfd , 600V 
cso II " 4 mfd , 600V I 
RESISTORS : ALL RESISTORS t WATT UNLESS NOTED 

Rl 47 ohms R26 lOOK R50 l OOK I 
R2 1 meg R27 27K , iW R51 47K 
R3 lOK, lW R28 2 . 7K , lW R52 1. 5K, lW 

I R4 27K , 2W R29 1.5K R53 47K , lW 
R5 l OOK R30 2 . 2K R54 47K , lW 
R6 2. 7K R31 47K R55 2. 2K 
R7 3.3K R32 !OOK R56 DOK I RB 270K,, lW R33 2 . 7K R57 5K Potentiometer 
R9 27K, lW R34 2 . 2K R58 lOK 
RlO 3. 9K R35 2 . 2K R59 4 , 7K I Rll l. 5K, lW R36 47K R60 1.5K, lW 
Rl2 lOOK R37 lOOK R61 50K Variable 
Rl3 2 . 2K R38 2 , 7K , lW R62 470K 

I R::.4 39K , lW R39 1.5K R63 lOOK 
Rl5 lOOK, lW R40 2 . 2K R64 47K 
Rl6 4 . 7K R41 47K R65 1 Meg 
Rl7 4 . 7K , lW R42 lOOK R65 2 Meg I Rl8 47K, lW R43 2 . 7K, lW R67 2 Meg 
Rl9 390K , lW R44 4 . 7K R68 2 Meg 
R20 SOK , Variable R45 47K R69 2 Meg I R22 15K, lW R46 680 ohms R70 1 Meg 
R23 3 . 3K, lW R47 100 ohms R71 47K, l W 
R24 390K , lW R48 !OK, lW R72 5. 6 Meg 

I R25 !OOK R49 47K , 2W R73 10 Meg 

22 
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I 
I RESISTORS (continued) 

I R74 2 . 2K R87 4 . 7K R99 2W 
R75 1.5K R88 1 meg RlOO lK 
R76 750 ohms R89 330K , lW RlOl 2K , 20W 

I 
R77 1.5K R90 330K, lW Rl02 2K, 20W 
R78 150K R91 1.2 meg Rl03 180 ohms , 2W 
R79 47K , lW R92 470 ohms Rl04 150K 
R80 150K , lW R93 8 . 2K Rl05 150K 

I R81 1 me1:5 R94 68K Rl06 1.5K 
R82 15K, lW R95 750 ohms ~5% RFC! Ohmite Z50 
R83 18K R96 22K , lW RFC2 Ohmite Z50 

I 
R84 3 . 9K R97 180 ohms 
R85 4. 7K R98 1.2 meg 

I TRANSFORMERS 

Tl Chicago #PHR150 

I T2 Cnicago BIH #1 

FUSE 

I Fl 3 amp 

DIODES 

I Dl IN450 
D2 IN34A 

I TUBES --

I 
Vl to V4 12AT7 
V5 12AX7 
V6 12AU7 
V7 to VlO 6BH6 

I Vll 12AT7 
Vl2 12AX7 
Vl3 12AT7 

I 
Vl4 12AX7 
Vl5 5R4GY 
Vl7 0D3 

I 
Vl8 0D3 

SWITCHES 

I Sl SPST , Power 
S2 2? 6 Position Muter 
S3 2P 6 Position Mute Control 

I CRYSTALS 

I XTAL- 1 lOOKC II XTAL- 2 10 .8 + desired sub- carrier frequency 

I 
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SUB CARRIER GENERATOR 
FM 10 BM G 

Figure 5, Front Vaew 
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I 
I 
I 
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I 
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VI 

LIO 

r2 ve VI CII V4 Cle V3 V2 

R61 C7S R20 V7 

-
-7- -- - - -

VIS RIOI RI02 

SUB CARRIER GENERATOR 
FM 10 BM-G 

Figure 6 , Rear View 
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FM- lOBMM INJECTOR 

MECHANICAL DESCRIPTION 

The FM- lOBMM mixer injector requires only sf" of panel space on a standard 
19" rack . Ja:ks are available on its front panel to attach the program 
exciter and two sub- carrier generator interconnections . 

ELECTRICAL DESCRIPTION 

The function of the mixer panel is to frequency modulate the program exciter 
carrier with one or two sub- carriers and their intelligence . 

Referring to Figure 1, it can be seen that it consists of a 6AU6 phase modu
l ator, a 12AX7 which serves as a sub- carrier amplifier and finally , a 6AU6 
limiter . 

GENERAL TUNING PROCEDURE 

Step #1 

Install the mixer panel in the rack planned for its use . Place a substantial 
ground strap between it and a known ground point . 

Step #2 

Attach the 8+ and filament voltages taken from an appropriate source, preferably 
the exciter power supply. 
Step #3 

Install all the tubes in their indicated sockets . 

Step #4 

Attach a cable between the mixer panel and the RF source. Attach a cable 
between the RF output plug and the unit which the panel i s intended to drive . 

Step #5 

Turn on the power to the RF source and the injector panel . Quickly tune 
capacitors Cl , C2, C5 and C6 of the mixer panel for a maximum indication of 
drive to the RF load of the mixer panel . 

Step #6 

Connect the sub- carrier generator to the injector panel and observe the 
output before de- emphasis of a multiplex receiver. Adjust Capacitors 
C3 and C4 to obtain the cleanest sub- carrier waveform at the lowest fre
quency sub- carrier maintaining 15% sub- carrier injection . 

Step t/7 

Retune capaci t ors Cl and C2 for maximum RF drive. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TUBE 

Vl 

V2 

V3 

1 2 

- 0 . 3 0 

90 

0 

0 

0 . 5 

INJECTOR PANEL VOLTAGES 

3 4 

F F 

0 . 8 F 

F F 

PIN 

5 

100 

F 

150 

6 

75 

90 

50 

Measurements using 11 meg v. r . v. M. 

7 8 9 

0 

0 0 . 8 

0 
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?8 

FM- lOBMM INJECTOR PARTS LIST 

CAPACITORS 

Cl 5-80 mmf , variable , Mica Cll • 005 mf , Fixed Disc 
C2 5-80 mmf , " " Cl2 33 mmf , Silver Mica 
C3 2- 30 mmf , " " Cl3 100 mmf, Silver Mica 
C4 2- 30 mmf , " " Cl4 100 mmf , II " 
C5 9- 180 mmf, " II Cl5 . 01 mf , Disc 
C6 9- 180 mmf , " " Cl6 . 01 mf, " 
C7 . 005 mf, Fixed , Disc Cl7 . 01 Disc , Fixed 
cs . 005 mf , " 11 Cl8 . 01 " II 

C9 47 mmf , Silver Mica Cl9 . 01 " " 
ClO . 005 mf , Fixed Disc C20 . 01 II II 

COILS 

11 6. 2 microhenry 
L2 6. 2 microhenry 
L3 2 . 5 mmh 
L4 60 mmh 
L5 60 mmh 
L6 6 . 2 mmh 
L7 6 . 2 mmh 

TUBES 

Vl 6AU6 
V2 12AX7 
V3 6AU6 

I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

_
_

_
_

_
_

_
_

_
_

 
! _

_
_

_
_

_
_

_
 

_ 

N
 '° 

R
.F

.O
U

T
P

U
T

 

S
U

B
 C

A
R

R
IE

R
 I

N
 

su
e

 C
A

R
R

I E
R

 
IN

 

i N
JE

C
T

O
R

 -
M

IX
E

R
 

F
ig

u
re

 
7,

 
F

ro
n

t 
V

ie
w

 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

w
 

0 

R
.F

. I
N

PU
T

 
C

l 
C

2 

SU
B

 C
A

R
R

IE
R

 
IN

 

IN
JE

C
T

O
R

 
M

IX
E

R
 

F
ig

u
re

 
8

, 
R

e
a

r 
V

ie
w

 S
U

B
 

C
A

R
R

IE
R

 
IN

 

--
--

--
--

--
--

--
--

--
-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

' ' 

• 

l ' 

-
.I_ 

AUDIO 

" 

11,Y.A.C. 

• 

\ 

j 

Tl 

O>----.J 
O>------------j 

YA 

,. ,. 
>-

C 78 

~001 

C.80 ..l. 
4MFl> T 
~ooV _L 

LIi . 

• 

• 

- ' 

' j ~-------+--~-~-~---'-'-----1------------------t---+,-----1""------t---~----t--L._-t--1-----;--r---,,--:-. -------, . 

- - C.72.. 
_. - '2.MFD C7.3 

....L ·'- ..L ..L 

Ml 

----.,..,. w= ;.o, ::.,.- -

c.7 E.. 001 

.:I.. 

0 J -,(). ____________ _J -R100 

I K 
r 
I 

o -,o'l,U"- I 

I 
I 
I 

r, 

' 
I- - -- - - ,._ 

0 
0 

0 

f 

-

: 

r:===== ======== =--======!=== 

II 
jl 

11 
i 1 

R . F. ltlf'UT 
C.1 LI 

0 ).--U'"L '.n,r-Y-,V\ •--i 
~ ,,-, , l ~ 

5·80 ~- /J 
c.,~ :::=: 
100 

R~ 
) 1001( 

_i_-
> 

' 

C:. ',O 

~----l" . oo,,. 
II 

-1.-<..) \/1\ 

- -- I 
~1~ 

R~ 
L--~1001 

VI'!. 
l2.A.X7 -

lil ,., 
IOOK 

c55 
',..01 ,,_ ____ _,,, t---+----. , .. 

. ~'-4 
• •Pi< 

0'5C.1L1.'-T011 

...,_ 

MI XE'R-

• 

f-0 
f-D 53 

.n 
Cl. I + > ( _._ R.106 

\00MFD ~ : 1.51( 
1.~ 

N'IUL"TIPLE)( 
A IVIPL. 

MUTE 

--

• 

= =- ========:::.1 

·= CII 
•O<>f 

l \ 

--

- ---

3 

2. TB-

I I 

' 

C.\~ 
:~.o\ 11 

11 

I I 

. .II 

NO'TE : 

\. A.I.L. RE',,1 $TOR'S "-RE 1"-l OHM',, f,. '/1.. W ATT 
UNI.E. ,;.,;; OTHER.WI ':>E NOTEU. 

2.. Ci>,.P"-C iTORS NOTE.'l:> IN 'DE C.IM ... 1..';, ,-Re: 1>-J MF'O, 
"'- L O T HER'S t..R.E 1·,J MMF't:>. S:XC.E'PT A'!I. NOT\lt''t>. 

,-

REVOSOONS .11,1:0l.l!<TR.lA.I.. "tl!.l>..t-15M LTIE:R~;.Al,IJEN ... ,,. S -
1-_

0
- _~-

0
-,,-,-..--.-,-1...=_-.=~.:.1.... ~~1,.llo~.C 11!:,ftr,,. -_ - -- . 

, - . · n s.,.,. _ ____ . _:SJ:cl'\'.~T~. ·,u,,_<;;,RKl,if . 
, L...h.e/40 · t1.ij.l(..: AU!&R."~Ul!.i~. l"'M-101!M-ai 

, =O~t"-r~- __ -~ALJo-- . _ ... hl"!.!.llRLA~ . __ 
CHk'D 

TRACED • 

http://www.SteamPoweredRadio.Com
wigfi
Stolen Red



www.SteamPoweredRadio.Com

I I 1 II I i . 

I 
;1 

' 
, 

[ 
. I. 

. '\ 
. 

. 
I •I I 

. ,J.... Ii 

l ' . M />..IN Ci,., R. "'-1! e: R- E )(..C.IT'E:R.. 
~ 

' 
. • 

X.T.A.L VI V2. V:, V4 V7 V8 V9 VIO 
\ 

"1 12..,>.T7 l' 2.A.T7 I 2.!>.T7 12.!>.T? «>BH<a <;, B H lo <ot:,H(c <oBH<o I 
. 

100 K.C.. 
I . 

IOOK.C., PUL.$E S._WTOOTH MO"D UL"-TOR. TR.IPLER. 'TR.IPL.ER 'TRIP'-ER.. QU~1)R,U PL EIQ I j , 
. 

O'SC:ILL .. TOR. HA.PE:R.. 0$C.ILLATOR. I ~ V2. 

. 

' 
. VI V?> 

,' I 2./>,, T7 1.. />,, T7 I 2.A.T7 

;' . 
. 

OSC.ILUS0!il - RU L.~E.. 'i."-WTOO,H $lf PE~ 
~EMER/>,,TOR 

. 
. 

I __J! 
' • . 

" 
. 

i . 
V <o 

" I '2.."-U 7 

?. t-,1b AUD\ 0 ' vs V!o V4 
.,. 

' 
li 

• "' 
'j ' J 

12.~7 
'2.~ 

A..U 7 I 2.1>,. T7 ,,,, ,, ' 

'3u~ C !>.R.R.. I ER.. GENE'R.A..'TO~ 

I ST AUDIO L.Jt) I 0 MO'DUL."-TOR.. 

' . 

' ' 'l 
, 

vs V1 4 V 12. V II I AUDIO l>IP\JT 

12.A.X 7 I 2./>,,)(. 7 12.AX? 12.,._T? ii ' • 
• 

' \ s, !>.UPI 0 IVIU1"E. WIUI.. "Tl PL.l!)(. . Ml XER ii 

I 
A,MPL\F\E R.. ( 11 

I 
• \ .. \ 

, . , 
. I ·, ' - I 

! ' 

' 
._./ 

. 

' 
Tl VI:, 

" MOD UL._ O\ON 12.A..T7 
i ,, ,R/1.N~FOR.tl\ER. 

' 
" , 0 SC. ILL A.TOR, I 
: Ive 

I 
y'::, V7 

I 
"'Bl-Ho <o I=, H <o G Br-llo 

I I 
I 

)(,~ )(, 2. )(. '3 
. 

11 
' 

' • 

l ~UD\0 l\>lPUT X'TA.L ' 

j 
. 

""' 2. ' ' 
' . I 

- II . tl VIO 

- ·--- ·- -- - .r ~ .. <o e,H ~ 
' 

' . 11P' 
,i--- ' 

' '- C, X2.. ' 

il 
,, 

·" . 
,'I 

-
C, - • • l ., . 

I / 
' I I • 

I~~ 
' 

' L\• 'k d . • 

-~ 
. 

INJEc.,oR.·M1x 
' ' ' 

R. 
' 

VI 
' 

VII 
<o ,>.U <o 

. R.F. INPUT <oBH lo 
P >-1 "'-SE I , ' 

' ' 
'' 

1 ' •• 
MO'OUL1'TOR. J_ X:, 

! - ' • -
I 

I 
INPUT ', 1 ' 

INPUT 
.. .. , "'z. 

. 
----, 

, 
. ' 

' ,' 
1, 

V 2. 

;i 
V"?, V 1'2. VI~ V14 

1,-.x? <ol>-.U <o ' 

" sue LIM ITER. 
R.. F. ow,Pu, , , <o s .,,. 5"711:,:, <;,, I 4 c;,,, R... F. 

C1'R.R.\ER.. 
., X 2. 

- OUiPUT 
_J_ X2.. )(. '2. 

• 
J:>...N\Pl..lFl(R. 

\ \ - . - -
' . 

, Ii 

' ' I . 

' I . I' , 
i ,, I i 

' ' 
' ' . . 

•• . 
' I! 
' "-., . 'i I 

. 

,1 

! ' ' • 
' REVISIONS INOUS.TR.\""-1... TRltt.NSN'ltiiER~ 4,._NTE:NN,..,,!.. 
' , 11 ~~\.l'S.'t)OW~E. ~...,_ ,o OAT£ " ) 

' 
' 
I 

' 
'QLOC.K. "DI AG, R..,..,_ tv1 

. IVlU.L..TI P LE."J(..ER_. 

! . \. ' 

l ' ~rJN BY SCAL.E MATERIAL 

H- IYIC.,,,\o- l\·1&-.0 "-,) cv 

~ 
JoE,-1:,1o l o 

CMK'D D"Tf Dl'IAWING ND. 

• , 
\\{ 

TR-.CED APP'D n-102. 
'' 

• 
' 

'1ilw1'un ••• ~,.__••Y•• , ' 

http://www.SteamPoweredRadio.Com
wigfi
Stolen 2 Line Transparent




