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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 year (6 months;.. 
on moving .parts) from 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”; 
standard warranty. : : 

8. 

Seller’s sole responsbility for any breach of the foregoing provision of this contract, with respect to any’r 
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.o.b. Seller’s factory within the period:: 
aforesaid, or (b) to accept the return thereof f.o.b. Purchaser’s point of installation, whereupon Seller shall3,i. 
either (1) issue a credit to Purchaser’s account hereunder in an amount equa! to an equitable portion of the:+ 
total contract price, without interest, or (2) if the tota~l contract price has been paid, refund to Purchaser an 
equitable portion thereof, without interest. ,- 

‘? 
If the Equipment is described as used, it is sold as is and where is. If the contract covers equipment not ; 
owned by Seller at this date it is sold subject to Seller’s acquisition of possession and title. 

I 
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 Purchaser or modifications made by Purchaser to the Equipment without prior written consent 
of 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- ) 
SCRIPTION OFTHE EQIJIPMENT ON THE FACE HEREOF. 

RETURNS AND EXCHANGES 1 

Do not return any merchandise without our written approval and Return Authorization. We will provide 1 
special shipping instructions and a code number that will assure proper handling and prompt issuance of! 
credit. Please furnish complete details as to circumstances and reasons when requesting return of mer- f 
chandise. Custom built equipment or merchandise specially ordered for you is not returnable. Where return ! 
is at the request of, or for the convenience of the customer, a restocking fee of 15% will be charged. All”; 
returned merchandise must be sent freight prepaid and properly insured by the customer. When writing tot’: 
Gates Radio Company about your order, it will be helpful if you specify the Gates Factory Order Numbef?~ 
or Invoice Number. 

WARRANTY ADJUSTMENTS 
it 
i$ 

In the event of equipment failure during the warranty period, replacement or repair parts may be provide4 ! 
in accordance with the provisions of the Gates Warranty. In most cases you will be required to return thel~ 
defective merchandise or part to Gates f.o.b. Quincy, Illinois for replacement or repair. Cost of repail,’ 
parts or replacement merchandise will be billed to your account at the time of shipment and compensatingi 
credit will be issued to offset the charge when the defective items are returned. 

MODIFICATIONS 
j 

Gates reserves the right to modify the design and specifications of the equipment shown in this catalogj 
without notice or to withdraw any item from sale provided, however, that any modifications shall not ad-j 
versely affect the performance of the equipment so modified. 

I 
I 
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ADDENDUM 

. FM - 1C 
FGSITION OF ANODE CONNECTOR STRLF 

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

REFERXNCE: P&GE 5, FIRST PhRAGRKPH 

- 
With reference to grid voltage measurement at TF401, the 
test point on the driver panel, Chis voltage will be 2P 

proximately lo-20 volts with voltages removed from the 
driver unit. This is zccomplished by removing the plug 

on the 600 volt rectifier stack on the 600 valt supply. 

BE SURE THZ EXZ'I7Z?, T.&XSMITTER IS TURNED OFF BZFORX 
REKO'YING THIS PLUG. 

REKOTE CONTROL 

A&J, rennste control metering and OFF-ON fun&ions are built 
into the FPI-1C. Al.1 that is necessary to Gompletely remo%'. 
control the transmitter is the addition of the motor tiiven 
rheostat (M4'703C), which will be supplied on special order. 

6/U/62 Gates Radio Co+Xly 
Quincy, Illinsis 



,,T.’ FM HARMONICS IN THE TV BAND 

The sharp upsurge in FM broadcasting has in some instances developed 
unlooked for interference with local TV reception. In every instance this 
interference is in so-called fringe areas for TV reception and where the 
strength of the TV signal is weak enough that outside highly directional home 
TV antennas are necessary. --- When this condition develops, the TV viewer 
quickly learns from his service man that the local FM station is the offender. 
---- The FM broadcaster is immediately deluged with requests to eliminate 
the interference. In some instances CATV (Community Antenna Television) 
systems are also offended as they pick up weak distant TV stations. ----I- 
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 

7 

t 
10 
11 
12 
13 

Picture Frequency Band ---MC-- Sound Frequency 

175.25 to 179.50 197.75 
181.25 to 185.50 185.75 
187.25 to 191.50 191.75 
193.25 to 197.50 197.75 
199.25 to 203.50 203.75 
205.25 to 209.‘50 209.75 
211.25 to 215.50 2 15.75 

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

Correct FM Harmonic Radiation 

The FCC stipulates that transmitters of 3000 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 microvolts 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 your FM station as well. The home 
TV antennas are beamed.at your legal second harmonic as well as the fringe 
TV station. 

What To Do 

When interference occurs, it will develop ragged horizontal lines on the TV 
picture varying with the 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 FM 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 transmitter. 

Summary 

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 broadcaster to 
assure fringe area reception of a TV station any more than is the obligation of 
the TV station to assure the FM broadcaster perfect reception in his TV city. 

Probably your installation will not have problems as outlined above. If they do 
exist, don’t blame the equipment. Every 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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S"%CIFICi\TIONS 

Power Outpuf;: 

Frequency Rang;: 

R.F. Output Impedance: 

Type of Oscillator: 

Frequency Stability: 

Type of Modulation: 

Modulation Capability: 

hudio Input Impedance: 

m-1$ N559’z 

1000 Watts 

88 to 108 MC, 

50 ohms 

Direct Crystal Controlled 

L .qol% 

Rhase shift employing pulse techniques 

f- 
100 KC 
75 KC considered 100% modulation 

600 ohms 

Audio Input Level for 100% Modulation: fl0 DBM k2 db 

Frequency Respones: Within 1.0 db of standard. 75 micpo- 
second pre-emphasis curve, or flat 
L1.P db 50 to 15,~~;e~;;cps which- 
ever is desired. 

Distortion at 100% 
Modulation: 1% or less 50 to 100 cycles 

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

Noise: 

Fowcr Input: 

Tubes: 

65 db below 100% modul.ation (FM) 
50 db below equivalent lOO$ (AM) 

modulation 

230 volts;50/60 cycles, single phase 
three wire, 5 KVii demand; 115 voltse 
5OJ60 cyles single phase, 5+3Gwattsi : 

z 
- Oh.2 - 6080 
- 6146 i:.. 

: 
- 4-400/i 

W3;4~R4 
l- - 

- 12xc7 

R.F. Qutput Connector: 7/e inch coax flange 

Size: Width - 24 in. (less end bells), 27 in, 
(with end bells), Height - 78 in. 
Depth - 364. inch. 

Wcightt Facked - 1140 lbs. Net 880 lbsr 

Cubagel 34 CU. ft. unpacked 

4/26/61 -l- FM-lB t ~5597 



DESCRIPTION 

The Gates RPi-13 frequency mod,ulated bro&cast transmitter will 
provide 1000 GJatts of fre,uency modulated $ower to a properly 
designed antenna and transmission line system on any frequency 
from 88 to 108.M~. Characteristics obtained, in any proper 
installation, will exceed those required by the FCC for FM 
broadcast service. 

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

a> 

b) 

Cl 

The exciter unit (Yi5534) is capable of 10 watts 
output and is the basic exciter used in all of 
Gates Fi'i equipment. 

The driver unit (Wj675) is capable of 50 vJatts 
output and is link corri;led to the input of the 
power amplifier, 

The power amplifier of the PPi-1B consists of two 
4-400s power tetrodes oloerated in a push-pull 
circuit. kuarter-wave lines are employed in 
the plate circuit for maximum stability and 
efficiency; 

The M5534 exciter used in this transmitter employs a phase shift 
modulator with @se timing techniques and may be adapted to 
single or dual channel multiplex&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 frequency 
multiplication after the exciter. This aids in helping to elim- 
inate spurious frequencies and gives protection to tube life, as 
power type tubes in doubling or tripling operation.are not always 
operated at their most stable life lengthening conditions. 

Mechanically the FE-lB has been designed to be e,asily maintained. 
Ready accessibility to all parts is accom;ilished by lift-off 
type doo.r.5. The sides of the cabinet may be easily removed 
by removing two screws from the holding bracket from the bot- 
tom of the side panels and lifting the side panels off.. 

The control panel for the FM-U consists of the OFF-ON switches, 
for the line voltages, the OFF-ON switches for the plate voltage, 
various indicator lights, the local remote switch, the tune 
operate switch and the overload reset switch&. 

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

4/26/61* -2- Wi-13, M5597 
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TIDORY OP OP?XATION 

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 porc;er supply. Filament voltage is also applied to 
both PA tubes; rectifier tubes,and voltage is applied to the 
control circuitry. 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 S5l2 in the grid position, about a 
minute after S5O2 is pressed grid current will appear on the 
PA gird current meter, which is the second meter from the left 
on the cabinet meter panel. This meter should indicate 16 to 
25 mils of grid current. 

The low voltage power supply also 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 S506 both plate and 
screen voltage are applied to the power amplifier. 

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

The function of S5l.9 is the "tune operate" switch. In "tune" 
position S519 disables the automatic recycling unit so the 
transmitter is on complete manual control. The theory and 
operation of the automatic recycling unit is covered in a 
separate set of instructions which are part of this inetruc- 
tion book. 

The function of S517 "overload reset" is the resetting of the 
plate overload relay K505. If S519 is in the "tune" position 
the transmitter experiences an overload, S517 must be pressed 
tu reeet K505 before ?late voltage can again be ap@ied t& the. 
amplifier.~ Overload relay K505 is in a "lock out" type of 
circuit. If S519 is in the "opera%;e" 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 matter. 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 source. This can be taken off 115 volt terminals of 

4/26/61. -3- FM-lB, M5597 



~- 

the main charnel 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 breaker types, they 
require a momentary ON and a momentary OFF type of function ta. 
operate them, the transmitter is easily remote controlled. 

UNPACKING AND RRADYING FOR 0Pr;RaTION 

The FM-1B is 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 handling. The components removed are: 
T501, L501, ~502, c501 and c502. Wires are numbered or tagged 
as a guide 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 FPI-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. Make 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 813 5901 001 will assist in locating the power and 
audio input leads and the power output from the transmitter. 

4/26/61. -4- FM-lB, M5597~ 



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

.l. Leads from a low rcactanct: dower source of 230 
volts, 60 cycl?, single phase and 115 volts, 
single phast, 60 cycle AC lines should be run 
in conduit underneath th+ propos<;d location or 
platform. 

The wires she-uld be at least ,$6 for 230 volts, 
60 cycle, sin,lc phase and &12 for the 115 volts, 
63 cycle, sing12 Qhase for best regulation. 

Zunning these powar sources in lead enclosed wires 
or in a steel conduit is highly recommended to ob- 
tain both audio and radio frequtincy shielding near 
the transmitter. 

2. To assist in kee-sing :RF currents in nearby audio 
equipment to a minimum, a good ground at these 
frequencies is mandatory. One of the best known 
methods of doing this, is the installation of a 
sheet of copper for the ground system beneath 
the complete transmitter layout. RF usually 
shows up in one or both of two ways, feedback 
or high noise level. It should be pointed out 
that even a small amount of xirt unshielded is 
a very effective antenna at YH frequencies in 
transferring i2F to the grid xhere it is recti- 
fied and oasszd on as noise or feedback.' It is 
preferablz to have a 
from the transmitter 
ground. 

single common ground point 
copper shield to a good 

OP&ATING AND TUNE UP P~OC~DLJZE 

Before attempting to tune thz 
netted to a transmission line 

transmitter, make sure it is con- 
and antenna that will present a 

nominal load of 50 ok;ms or a non-reactive load with the proper 
power bundling capabllitii:s. 

Before tuning the transmitter, refer to the factory test data 
sheets and ch=c'k all dial readings to corrosgond <lith the data 
given on th? fxtory test data sheets. 

Switch 5518 should be in the "local" position, switch S519 
should be in the "tune" position.' 

After the installation is corn;-lete all input and,output cables 
have been connected xnd thr; crystal oven has be,-an operating for 
two hours or more punching the low voltage llON1l button applies 
primary voltages to all of the filaments, control circuits, the 
fan, the blower and the low voltage power supplies. Provision 
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is made on the driver panel for metering the grid bids voltdge 
of thi driver oy tii~ns oi^ 2 tv;at yoirit or; th< front panel, Ji 
meter such as a Simpson Kodel 260 or tikuivalent may be used. 
Flith the negative l-ad. plugged into this test point and the 
positive lead grounded, a rise in grid voltage will be observed 
as the exciter comes up to op‘;rating ttimperature. This voltage 
should be spproximatsly 15 to 20 volts. This is 2. good check 
on the exciter operation. Plccz switch Sj1.2 which is the test 
meter switch located on the bottom cdnti-r of th; amplifier 
panel, in the grid position, which is extreme counterclockwise. 
Tune the grid circuit to resonance with control marked "grid 
tuning:' and observe &rid current on X532, this should be ap- 
proxiAately 16 to 25 mils of grid current. 

Press the high voltage Oi!J button and tune the amplifier te 
resonance with the control marked :'plate tune" and observe 
plate current on meter Zj35. It may be necessary to go back 
and re-resonate the grid circuit aftdr high voltage is applied. 

Load the amplifier to thz req-aired pob:tr by the control marked 
"RF output I' turning control clockwise increases loading and 
counttirclockwisa decreases loading. Obstirve power output on 
meter X505 which has been caiibrated at the factory and reads 
power being dalivered out of the transmitter to the transmission 
line. l'his meter h&s been caiibrated and its calibrating Gn- 
trols locked in place and should not be tampered without express 
authorization from t1;? Gates Radio Company. 

NEU!CR1.~LIZ~~ICN 

Tuning of an ITT transmitter in the frequency range of 88 to 108 
~Mcs, offers greater difficulties in regard to tuning various 
circuits than is normally encountered In the lower 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 frequencies, but which can 
become incrensingly important at these high frequencies. There-' 
fore, when t7uning a high frequGncy transmitter, it is well to 
constantly re-check the previous adjustments as tuning progresses, 

The transmitter hcs beon ,rop,r ly :lcutralized at the flctory on 
the customer's frejutincy with a 50 ohm non-reactive load. Due 
to rough handlinK during shipm.2n-t neutralization may be affected. 
Improper neutralization is indicated by several abnormal condi- 
tions showing up in thi optiration. 

1. When the grid current does not rise to maximum or 
near maximum simultaneously with a dip in &ate 
current as the amplifier @a&tank is tuned through 
resonance. 

2. If excitation is remoired from the amplifier and 
thi: PA grid relay dot;s not open, this indicates 
oscillation in the power amplifier itself. This 
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self-oscillation productis grid current which 
holds the grid relay K506 closed, this keeps 
the plate voltage applied allowing. thz ampli- 
fier to continue its self-oscillation. 

3. If the baldnce control B504 and R505 does not 

enable the t;qo plate currents to maintain a 
balance within 1096, this condition will 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 detected across the band. 

The neutralizing controls have been brought out to thz front 
panel of the amplifier to a special 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 are aligned in a vertical 
position when the neutralizing capacitors are at maximum 
capacity. 

It will also be noted that on this special bushing is a red 
dot which will appear directly o,,osite the black dot on the 
movable portion of the shaft. This red dot, 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-neutralization 
is required, 

If any of the aforementioned conditions are observed when the 
transmitter is first placed in operation, this indicates that 
re-neutralization is in order. This is accomplished as follows: 

1. Turn the high voltage OFF. 

2. Remove the bottom cover from the PA tank. 

3. Loosen the locking nuts on the Pear Of the 
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 thd bottom cover plate on the amplifier 
tank. 

6. Apply low plate voltage and adjust either 
C303 or C308 in one direction and again 
check for neutraiization. 
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7. If imurovtiment r?sults, adjust thG othcs 
capacitor thti sac amount in t!i~ sfiti 
diraction and again re-chock for noutrali- 
zation. 

8. Continue this procxlure step-by-step rotating 
capacitor C307 and C308 in the dirsdtion that 
indicsttis the proper neutralization. 

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

1.0 . Remove the bottom cover of the iimplifizr t&T& 
and re-tighten thz locking nuts on thi rear 

5 of the neutralizing capacitors, being careful 
dot to move th? adjustment Whil- thSse locking 
nuts are being tightened. 

There are some fxts about ths 2owtir amglifior that should by 
known zd rem,-mber=d that i*jill hzlp in good optiration of the 
equipment and contribute to bust operating results. 

*Tuning of th? platti circuit chr;n+e the effGctivti electrical 
length of tha plate tank. Increasing the s_;acing between the 
tuning and th,- plate tank lintis lc-ngthcns the tiffectiva length 
of th+ plztz tank and lowers the frz%uency; dacraasing the 
spacing will raise thti frequcncg. 

. 
Switch S510 located on thz por;:tir amplifier pan;1 in tht: lower 
ltift had corntr is providtid for chacking individual cathode 
currtints of V301 and V302 as wall as tkie totz;l plate clJj-re& 
on both th=;-si tubes.. 

The ballnct control X504 and R505 is provided on th= front 
panel to enable the operator to Laintain a balance in plate 
currents I 

3510 is used for relative balance indication of plate currents. 
This switch must be left in the normal or mid-position while 
the transmitter is ocsratinfi, except on i.nitial tune up or for 
checkin. balance bstwecn alate currents of the tubes. S512 
is a muxtineter srritch which is used to rend either- total : 
control grid curr-+nt or individual screen grid currents of 
V301 and V302.. 

Z’. 
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Protection against electrical shock from high voltage circuits 
are provided for by the door interlock switch S514. By re- 
moving thi back door, 5514 will open and immediately remove 
the high voltage from the amplifier. Forced air is provided 
for the amplifier tubes by a blower B301. B501 is provided 
to exhaust any hot air in the cabinet proper. 

MICROMATCH OPERATION 

On Drawing A-31735-2 is a complete schematic of the internal 
wiring for the Micromatch unit. The following is a descrip- 
tion of this unit as used with the FM-1B transmitter. 

On the Micromatch switching panel there are two controls which 
adjust the calibrating of the unit and a switch. One control 
has a knob which is 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 scale deflec- 
tion using the control with the knob. Turn the switch to V&R 
position and read the standing wave ratio on the lower scale of 
the meter. 

To read forward power or power being delivered out of the trans- 
mitter to the transmission line, turn the switch to forward 
position and read power directly on M505, 

RXMOTd CONTROL 

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

1. Remote plate voltage is obtained from TB503 
terminal 8 and is controlled by R521, 

2. Remote plate current is obtained from TB50+7 
and is controlled by R520. 

3. The "LINE ON" function from the fail-safe relay 
in the remote control unit is connected to TB503-2 
and TB503-3. 

4. The piate ON function is connected b&ween TB503-5 
and TB503-6. &move the jumper between the TB503-4 
and TB503-5 for remote operation. Its function re- 
quires a momentary "on" type of function. 

5. The plate OFF function is connected between TB503-5 
and TB503-4. This function requires a momentary "off" 
type of function. 
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6. The remote overload reset function is connected 
between TB503-9 and TB503-10. This connection 
is 6 volt DC from a stepper position on the re- 
mote control unit. 

7. The raise-lower functions are connected to TBl-1 
and TBl-3 on the motor driven rheostat (M4703C 
for remote control of tower OUtpUt). 

In the case of the Gates RDC-lOC, one side of the 
115 V. primary voltage for the motor of M4703C is 
connected between TBlOl-7 on the exciter terminal 
board 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 
TB2-27. 

MAINTRNANCE 

Maintenance of the PM-1B should consist of periodic checking 
of tubes, meter readings, cleaning and visual inspection, 
lubricating places where required. 

The use of air filters materially assists in keeping the trans- 
mitter interior clean, however, p eriodic 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 tilements are probably the 
worst offenders and must be kept clean 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 oil should be dropped in the oil holes provided at 
each end of. the blower motor,..-%h* exhaus F ffl..YPhae--Se&& 
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 require little 
or no attention. 

This transmitter is a precision electrical device and as such, 
should at all times be kept clean and freti from dirt ad 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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S;mbol No. . 

B501 

C501 ,c502 

F501 ,F502 

L501,L502 

510 0246 000 

398 0186 000 

476 0105 000 

R501. 552 0405 000 
R502jR5OS 540 0618 ooo 
R504, R505 552 0721 000 

R506,R507, 
R5l7 
R508 
R509 
R5ll 
R513 
R510 

S512 
S5U 

5514 
S516 

TB501. 
TB502,TB517 

TB506 
TB507 
TB510 
TB511 
TB514 

xF501 

PARTS LIST 

TR.',NSMITTE!? C.\BINET 

Drawing No. Description 

430 0002 000 Fan, 115V., 
650 cfm. 

50/60 cy. 1500 RPM, 

542 0056 000 
542 1051 000 
550 0029 000 
548 0004 000 
542 0565 000 
550 0067 000 

600 0162 000 
600 0302 000 

600 0280~ 000 
604 020~' 000 

604 0061 ooo 
926 6665 001 

472 Olll 000 Transformer, P.A. Filament 
472'0307-.OOO Transformer, Powcr 

614 0047 ooo 
614 0092 000 

614 0052 000 
614 0046~000 
614 0100 000 
614 0093 000 
614 0046 ooo 

402 0015 000 

Terminal Board, Audio. 
Terminal Board, 115V., h.C, and 
FM-1OA Jumww 
Terminal Board, Contactor Panel 
Terminal Board, Fan 
Terminal Board, Contactor Pane1 
Terminal Board, Powcrstat FM-1Oir 
Terminal Board 

Fuse Block 

Cap.,’ 4.0 mfd.l 5000 v. (WI 
Fuse, 30 amp., 230 V. 

Choke, 10 Hy. 

Rheostat, 15 ohm, 3.50 $, 
Res., 2000 ohm, 2 W., 
Rheostat, 2 Section in tandem, 
300 ohm per section 

",e;.; 20 ohm;lOlrf. 
e ., 2;5 ohm, 10 w, 

Control, 10K ohm 
Res., 5 meg. meter multiplier 
RCS., 1OOK ohm, 19OW. 
Control, 10K ohm 

Switch, rotary 
Switch, 1 section, 3 circuit, 
5 position 
Switch. Rotary 
Svitol;, Pressuse 

Interlock Switch 
Interlock Switch and Grounding 
Hook Assembly 
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c3vmbol No. 

MiOl . 

M502 

MS03 

M504 

M505 

P,;RTS LIST 

Drawing No. Description 

630 0049 000 Meter, Fil. Volt 3-l/2" 0-LOV. AC 

632 0074 000 
(non-magnetic panel) 
Meter, PA Grid.Current, 3-l/2" 

632 0026 000 
O-50 MA DC (non-magnetic panel) 
Meter, PA Flatc Current, j-1/2" 

632 0148 000 
O-l Amp. DC (non-magnetic panel) 
Meter, Flate Voltagc,,3-l/2" 
O-l MA DC movement w/O-5000 V. DC 

913 1256 001 
Scale (non-magnetic Panel) 
Meter, R.F. Output 

c503;c504,c& 
C506,C507 '516 0082 000 ye;? By-pass Cap., .Ol mfd., 

I 

PU>ER .%?LIFI!& TANK 

B301 

C303jC308. 
c304,c305, 
C306,C307 
C311 
C312. 
c312,c314 

DC501 

d301 
5302 

L3OL 
.L302,L303 
L306 
1,304 
L305 
L309 
L310 

R301,R304, 
a305 
R306 
R307 
EWE&,"309 

TB301 614 0113 000 Terminal Board 
TB302 614 009% 000 Terminal 

V303.,V302 374 0010 000 Tube, 4-40011 
XV3Ol,XV302 404 0055 000 Socket 
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432 0026 000 

520 0091 000 

516 0204 ooo 
520 0249 000 
516 0'233 000 

620 0034 000 Yiicro-match, O-1200 W. 50 ohm 

612 0232 000 
612 0230 000 

Receptacle 'IN" 
Receptacle "UHF" 

494 0004 000 
813 1532 001 
f313 1531 001 
926 5524 001 
813 1060 001 
916 9741 001 

542 0728 000 i3es.j 100 ohm, 2vJ. 10% 
542 0085 000 
542 0088 000 

Res., 3500 ohm; 1OW. 
Res.; 5000 ohm, 1OW. 

540 0740 000 
542 0316 000 

Res.; 1000 ohm; 2W. 10% 
Res., 2000 ohm, 20W. 

Blower, 115V. 50/60 cycles, fxw 

cap., 

Cap., 
Cap.; 
Cap., 
Neut . - 

100 mzfd; , 5000 V. (i:I) 
Variable;20 u11f. 
500 mmfd., 30 KV. 
pdding Condenser (Det. by 

F'req., 

Variable, 50 mmfd. 

Plate Choke 

Choke, 7 Microhy, 
Input Grid Coil 
Input Couplet Coil 
Plate Line &xsembly 
Output Coupling Loop 
Monitor Loop iascmbly 



- -_- 

Sirmbol No. 

PARTS LIST- 

CCNTROL I7iNEL 

Drawin No. Dosn--iption 

h5ol;ii505,k506, 
L507,8508 396 0105 000 Lamp, 14 V. 
L503 396 3062 000 Lamp, Neon 

S502,S506 
s503,s507 
s517. 
S5lr3,S519 

xz501 
XA503 
xA505,Xk506; 
xi;507,XA508 

CR501, CR502 

K5Ol,.K503 
K502. 
K505,K506 
K50V 

R514 
R515 
R516. 
R520,R521 

T502 

.+T%s& 
TB50&TB505 
TB513 
TB515 
TB516 

v501,v502 

xv501, Xv502 

540 0202 000 Res., 1OOK ohm, 1/2W. 10% 

604 
604 

0067 000 
0069 

Switch; Pushbutton; Black 
000 

604 
Pushbutton, Red 

0150 
Switch, 

ooo O.L. %esct Pushbutton Switch 
604 0032 000 Toggle Switch, D.7.D.T. 

406 0052 000 Pilot 0051 Light Green 406 000 Bsscmbly, 
Pilot Light iisscmbly, Red 

406 0053 ooo Pilot Light .&ssembly, !rmber 

CCXT.;CTOiL .P:iNZL 

386 0015 ooo Silicon Diode, 10 V, 

570 0055 000 574 0074 OGO jcB";$t&-; ftc. ,p~~~.,,z~jyy=. 23Ov. 

572 0025 000 Relay; 2-c 
574 0014 000 Relay, 6V. D.C.1 S.P'.D.T. 

542 0056 000 Xes., 20 ohm, 1OW. 
542 0085 000 Res., 3;5K ohm, 101~; 
550 0061 ooo Control, 1K ohm;ZW, 
550 0057 000 Control, 250 ohm, 2W. 

472 0112 000 Transformer, Rect. Fil, 

614 0054 000 Terminal Board 
614 0104 000 Terminal Board. 
614 0034 000 Terminal Board, O.L. Relay Deck 
614 0092 000 Terminal Board 
614 0094 000 Terminal Board 

374 0027 000 Tube, 673 

404 0121 000 Socket 
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PARTS LIST 

M-5652h POWER SU?PLY 

Symbol No. 'Gates Part No. Description 

c201,c202 510 0500 223 Capacitor, 8 nfd., 1OOOV. D.C. 

F201 398 0315 300 Fuse, l/2 amp,, 253 V. 
F292 398 0379 320 Fus@, Slo-Blo, l-1/2 a$. 125V; 

L231,L202 476 :>317 033 Filter Reactor 

Ii201 542 3163 3i32 Resistor, 10OK ohm, 2OW. 

T232 472 3393 333 Filament Transformer 
Tm3 472 0017 033 Plate Transformer 

TB201 614 3076 003 Terminal Board 

'l!S201,TS232 614 0189 000 Tie Point 

XF%Ol,XF232 432 0:321 003 Fuseholder 

XV201 404 0316 000 Socket 

600V. SCREEN RECTIFIER B0AB.D ASSY 

C833 thru 
C820 516 3382 000 Cap.,.&01 uf 1 KV 

CR&31 thru 
CR820 384 3020 030 Silicon Diode 1N 2071 

RSOl,R802 54ii 0728 000 Res., ,103 ohm, 2W. 10% 
HA.845 RF OUTPUT EXTENSION KIT 

.&l 384 0006 000 Diode 

Cl,C2 516 0054 000 Cap., .OOl 1 KV mfd., 

Jl 612 0230 000 Receptacle, "UHF" 
L2 494 0004 000 R.F. Choke, 7 microhy, 

610 0231 000 Plug, UHF 

552 0545 000 
540 0178 000 

Control, 1000 ohm 

540 0728 
Res., 1K 10% 

000 Res., 100 ohm,-l/2 2 & W,, 10% ohm, 

TB1 614 bO69 000 Terminal Board 
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REMOTE CONTROL CONNECTIONS 
RDC-2OOA . &WlC 

FM 813 5904 001 



FM-LB 

TB3-3, 

1 

FtL. ON 

TBJ- 32 

TBZ- 3 ANT;A,MPS 

-rs3- 29 

$ 

PLATE ON 

T&3-30 

re 2 - 2 P.R. RRTE CuPes NT 

T@Z-/ F!kPLhTE VOLTS 

I TBs- I 

TBIOI 

iA%.?/ 

0 1 

PLHTE 

OTBS-2 OFC: 

REMOTE CONTROL CONNECTIONS 
RDC-1OC - FMlC 

813 5903 001 
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INSTALLATION DETAILS (COOLING AND EXTERNAL 
CONNECTIONS) FMlC TRANSMITTER M5597 
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General Description 

The M5675 Amplifier covers a frequency range of 8% 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. T!W3i3 used as a final 
output stage, maximum power output is in the vicinity of 50 
to 60 watts. The PI5675 may also be used to drive f,ollowing 
amplifier stages. 

The series type of circuit is used in the grid and a conven- 
tional parallel type of circuit is used in the plate. This 
tends to 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 moxe effective at Viii? frequencies 
and eliminates the need for neutralizing. The reader should 
refer to schematic R-65555 for a better understanding of the 
circuit. 

Tune-up 

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

To tune the grid circuit, place the negative probe of a volt- 
meter, into TP401 and ground the, positive lead. dith drive 
connected to input receptacle J401, tune C401 (grid tuning) 
for maximum negative reading on the voltmeter, This voltage 
may vary all the way from -15 to -4.5 volts depending on the 
amount of drive. This readiiig will drop as soon as screen 
and plate voltage are. applied to the amplifier, 

After the grid circuit has been properly tuned, coupling 
between I1401 and U-02, L403 should be varied to obtain the 
maximum negative voltage at *TYYOl with a minimum of drive, 
CA.01 must be retuned each time coupling is changed. 

When the input circuit has been properly tuned, plate and 
screen voltage may be applied to the amplifier and the plate 
circuit tuned. It is recommended that this be done with the 
amplifier coupled into a 51 ohm non-reactive load. If plate 
current is being metered, tune the plate tune control C407 
for a dip. Otherwise, tune C407 for maximum power output. 
Now vary coupling between IA04 and IAt05. Turn amplifier 
back on and tune C406 for maximum power output along with 
c407. Several trys may be needed to find the best point of 
cou@ing between L404 and L405. Rach time the coupling be- 
tween L404 and L405 is varied, the plate must be retuned 
along with output coupling capacitor C406. 

-l- M56'75 Amp. 



After tuning has been completed for best power output and 
efficiency, screen control I?405 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 emphasized that this amplifier is easily over- 
driven. For 50 watts output power approximately 3 watts 
drive is required. For 15 to 25 watts output power, about 
1 watt of driving power is required, If driving power is 
increased above l&e required 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/ox parasitics, 
the input circuit of the following stage should be properly 
coupled and matched to the 51 ohm coaxial line connected to 
the 07xtput of the 50 watt amplifier. ,This may be done with 
a micromatch coupling uni.t. The following grid and input 
circuit should be adjusted fox minimum SW* 

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

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

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

If the 50 watt amplifier unit is over-driving the following 
amplifier, screen control R405 should be adjusted for the 
desired drive. Do not decouple the 50 watt amplifier stsge. 
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Power OLltJ 65 W. 

Pit. current 250 Na. 

Plt. Voltage 500 Volts 

Screen Volts 290 Volts 

Screen Current 12 Ha. 
Cathode Volts 68 Volts 
Driving ?ower 6.5 iiatts 
Grid Voltage -lo/-42" 

50 w. 
215 Na. 
520 Volts 
235 Volts 
8 D 5 Na . 

58 Volts 
2.5 IWatts 

-7/-33" 

23 W. 
140 Ma. 
570 Volts 
150 Volts 

3 Map 

35 Volts 
1 i?att 

-8.5/-23" 

17 ld, 
130 Ma. 
580 Volta 
147 Volts 
2.2 Ma, 

33 Volts 
.8 iia’ct 

-6.5/-20" 

.13 w. 
110 Haa 
590 Volts 
132 Volts 
1.5 Pia. 

25j yo1ts 
.8 ~iJatt 

-3.5/-15" 
(Grid voltage measured at LCP401. indicates voltage befpre applying screen and plaix voltage) 

Plt. Pwr. Input 107 lliatts 97 Jatts 75 'ilatts '72 Xatts 61 :ratts 
Plt. Dissipation 42 Watts 47 Watts 52 (Watts 55 '+Jattts 48 :Jatts 
Elt. Circuit 

Xfficiency 61% 52$ 31s 23.5>$ 21% 

Figures below obtained with no drive. 

Plt. Voltage 550 volts 560 Volts 580 Volts 580 Volts 590 Volts 
Pit. Current 16 5 i?a. 155 Ha. 125 Ha. 125 ha. 105 ila. 
Cathode Volts 45 volts 40 Volts 31 Volts 31 Volts 27 Volts 
Plt. Dissipation 83 Watts, 80 .Watts ,6g &its 69 'ira%ts 59 "latts 
(All readings were made with screen connected to regulated +320 regulated supply) 
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PARTS LIST 

Symbol No. 

c401 
C402 

Gates'Stock No, 

520, 0004 000 
502 0194 000 

c403,c404, 
c405 
c406 
c407 
C408,C409 
c410 
C4ll 

516 0215 000 
520 0115 000 
520 0164 000 
516 0227 000 
516 0235 000 
520 0112 000 

JLiOl,J402 612 0233 000 

II401 
L402 
L403 
II404 
II405 
1,406 
L407,L4081 
L41O.L411 

813 1772 001 Grid Coupling Coil 
813 1762 001 Grid Coil 
813 1761 003. Grid Coil 
913 1774 001 Plate Coil Assembly 
813 1771 001 Plate Output Loop 
494 0007 000 R. F. Choke 

494 0004 000 
813 0246 001 
813 3607 OOi 
813 3608 001 

II409 ’ 
IAl2 
II413 

P401,P402 

R4Ol,R402 540 0482 OOQ 
R403 552 0058 000 
R404 540 0367 000 
R405 550 0073 000 
Ii406 540 0748 000 
R407,R400 540 0752 000 

TB401 614 0096 000 

TP401 614 0312 000 

V401,V402 374 0051 000 

XV4Ol,XV402 404 0016 000 

60 0122 000 

Description 

Cap-, Variable, 2-19 mmfd. 

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

Cap., 100 mrnfd, +lO% 
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 

R. F. Choke 
Filament Choke 
Coil 
Coil 

Right Angle Adaptor, UGw27C/U 

Res#, 1.5K ohm, 1w. 10% 
Rec., 500 ohm, 25W, Adj. 
Res., TOK ohq l.W, D 5% 
Con-trol, 1OOK ohm 
Be s.,. 4700 o,hm, 2w,, 10% 
Rcs,,' 1OK ohm, 2\q0, LO$(Used 
in PIII-lB/lC only) 

Terminal Board 

Test Point Jack 

Tube, 6146 

Socket, Octal 
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The l?PI Harmonic Filter is of's distributed constant nature using 
coaxially designed elements, 

The ch:racteristic impedance of the filter is 50 ohms, therefore, 
matchipg both the output impedance of the transmitter and the trans- 
mission line to be used. 

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

N.th 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 1-5/8il dia. coaxial line 
provided with l-+/alf 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/a" right angle bend is also provided to aid in a flexible 
installation. 

INSTALLATION 

Since the fi1te.r is not a standard section of transmission line, I. special care should be taken when installing the filter to prevent 
damage to the inner conductor. 

If the l-5/8" to 7/aBP coaxial adaptor is used this problem is re- 
duced because the inner conductor is captive. ;&hen using the l-5/8" 
coaxial line directly, it is suggested that the inner conductor of 
the filter be slipped out st?veral inches and mated. with the inner 
conductor of the transmission line. If 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 inner cwtoxa bearing hewn upoa the'LrraLaz:&on&&icU 
Of *he fi1te.r. 

12/x/58 -l- M5737 



B-65672 
SCALE 

108 IO, ,011 IO3 102 101 D”.Wr). L1ST OF PIRTS 
OT”. UT”. 07”. OTY, QT”. QTY. ITEM REFERENCE ,T;, FIN. DESCRWTON MATER<* 

I32 

POSITION OF FLANGE 
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M-6023 A-UTOPUTIC RECYCLE UNIT 

TREORY OP OPERATION 

General 

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

The third function of the unit oakes recycling possible when a~ 
overload occurs and the "tune-operate" switch is switched to 
"operate" position. An R/C ci%cuit operating an auxiliary ze!.z:< 
provides three conplete recycles during a 10 second interval. 

NOTE: The above nmber of recycles can be changed by adj-usting 
a potentioneter to alnost any desired number within a certain 
tir.e 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 overloaded. 
the following will occur. If, during the 10 second interval, 
the transnittcr overload has not corrected itself, the trans- 
mitter overload at fault will lock out and rcriain locked OL:-b 
until nanually reset. If the transnitter experiences one 01‘ 
two overloo.ds and then clears itself, the zecyclc :xit will 
again be ready for three riore conplete recycles after approx- 
inately 15 seconds. 

Circuit Description 

The tine constant which detemincs the pulse interval for re- 
cycling is the 5OK, 2W. potentioneter, Rl, and the capacity of 
ClA. When the voltage on the positive tcr.Unal of ClA equals 
the voltage necessary to close the relay Kl, this occurs, cam- 
ing the capacitor to discharge through R3, 100 O~II to ground. 
The discharge tine constant is chosen to allow sufficient tine 
for the high voltage contactor to close prior to the reoper?ing 
of relay Kl. 

This discharge interval nust not be sufficiently long to allow 
dzage to the trms:!ittcr in an overloaded condition. 

The second set of contacts on relay K2, a slam relay, switches 
the heavier currents involved in closing the high voltage con- 
tnctor and also breaking the 130 volts D.C. which locks in the 
overload relays. Therefore, recycling of the reset occurs just 
prior to the closing of the high voltage contactor. 

1/2?/61 
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The tine delay relay, K4, is activated the instant that K3 
energizes w5ich occurs wllcn an overload relay locks down. 
After an elapsed tiL:e of ten seconds or three rwgcle periods, 
K4 closes, shorting the coil of 81 to e;round, thus, stopping 
the operation of the tkfle constzd circuit.~ After this elapsed 
tine of ten seconds, the unit nust be rcsct either rcnotely or 
by the reset button located on the front panel of the 1 KW 
drieer. It is ilOCCSS2.T~ to wait approxicatcly 15 sccoads for 
the elcnent in K4 to cool before you ccn expect another three 
rccyclcs * 

Relay X3 pzrform t&me fumtions, the aforcncntioned closing of 
1~2 w5on 1~3 is mcrgized, md also to supply 130 V. DC to poten- 
tioucter Rl in an overload condition. It also breaks the 230 v. 
AC which supplies the kigl? voltage contactor coil. In an u11- 
cncrgizcd condition, K3 brcnks 130 V. DC to Kl through Rl end 
naintains coil vcltzge to tkc high voltage contactor. Also, 
the tice delay rclq K4 has opcrzting voltage rcnoved which 
should increase the operating life of this relay. K3 is opcmted 
by 6 V. AC which is supplied by the unit. One coil temiml is 
tied coLx::on to the 6 V. AC trmsfcrmr &aid the other ceil tcri- 
inal is tied in series with z parnllol string of overload relay 
contacts which roturE tc the other side of the 6 V. AC trms- 
forrer. 

Resistor R4 acts ns a surge resister while R2 is ncrely a bleeder 
resistor.. 

The two swit;chcs cud. cm push button which control the recycle 
unit me i:OU.Xltd~ on the 1 KW &5.vcr control panel. The operation 
of the push button nets as a nmual reset. It is a nomally 
closed switch, wkich when opec, rczoves 130 V. DC frou the 3.51~ 
resistors in series with the coil 2nd overload potcntioceters 
of the overload rclzgs. These relays then open to again pcmit 
operation of the trmsnittcr. 

The !'local-rcr;etc" .switch opens the circuit for the rexotc "on" 
function, thus placing the tmulsiliitter in 3 lccnl opcrzte coil- 
c?ition 0~1~. 

The "tune-oporotc" switch perfcr.s two fuunctions, ill "tune" 
position it shcrts cut the coil of Kl in the recycle unit, thus 
iX!.king the uili-t incperctiva. In "operate position", tl-e short, 
is recovod frcll the coil cf re1z.y Kl. L/hen the '1 KW tr,msr.littcr 
is usca as 2. driver for a higher power aqlifier, the "tune- 
operate" switch clso pcrfcrns the fellowinG functions. It sup- 
plies 240 V. AC to the :~nual push buttor, oil the P.A. high v~l- 
tqe ccr,trcl pz~cl when in "turc" position. In this p;:sition 
the driver ,-~ld P.A. 
In "epcmte 

high vcltngcs r:ust be turned sn indepcndcn-kly. 
'I pc:sitic:n the shcrt is rmcvcd frcrl the coil of Kl 

and the 240 V. AC is rcniovccl frori the P.A. high v.cltngc push 
buttcn c,n the P.6. Insted 240 Y. AC is SUpi:liC& to .cnC ccntxt 
of tki K809 under-drive auxilinry relay, which when closcc1, turns 
the 2.B. high vi;ltqe ccntzctor on. 
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Symbol No. 

Cl 

CR1 

Fl 

Kl 
iE; 
K4 

Rl 

i?; 
RY 
R5,= 
R7 
R8 

Tl 
T2 

TBl 

XFl 

xKl,xK4 

PARTS LIST 

M-6023 ii UTOXdTIC RlXYCLThTG UNIT - 

Gntes Part Ns. Description 

524 0091 000 w?*, 200-200 cfd. 150 v. 

384 0020 000 Siliccil Rectifier 

398 0017 000 Fuse, 1 cmp. 250 8. 

574 0020 000 Plug-in Rc-lqy, Double Pole 
574 0040 000 Relay, 115 V. AC, DPDT 
574 0105 000 Relay, 6V. AC, 3PDT 
576 0019 000 Tire Delay Relay, 115V. 

10 Second" -' 

550 0071 000 
542 0135 000 
550 0059 000 
3ico 0724 000 
540 0752 000 
552 0023 000 
540 0468 000 

Cont;rol, 50K O~LI, 2W. 
Rc-s., 1,51c ok, 2ow. 
Contro$ g? ok=, 2bJ. 
Rcs.. 71. 2w. 10% 
Res;; 16K oh?& 2w. 10% 
Adj, Rcs., 1000 ohn, 16 w. 
Res., 1000 ohn, I W. 10% 

472 0208 000 Isolation Transforner 
472 0090 000 Fil. Trmsfcrn~r 

614 0034 000 Tcminal Boxed 

402 0021 000 Fuscholder 

404 0016 000 Octal Socket 

._. 

:, 



il 
- 

I I IR : l.t.ll 
I 

OVERALL SCHEMA TIC FMIB & DRIVER FOR FM-1OA 
842 3115 001 



INSTRUCTION BOOK 

FOR 

M5534 STEREO FM EXCITER 

I.B. 8888 0773 001 Gates Radio Company 
Quincy, Illinois 



. 

ADDENDA 

M-5534B STEREO FM EXCITER 

The values of Cl61 and Cl63 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 may 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 HRlOl 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 
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SPECIFICATIONS 

Power Output: 
T 

Frequency: 

RF Output 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: 

D 

O-10 Watts, continuously variable. 

88 - 108 MC. 

51 - 72 Ohms. 

2.001%. 

Direct Crystal Control. 

Phase Shift Employing Pulse Techniques 

+lOO kC 100% modulation equals ?75 kC 

600 Ohms. 

+lO dBm, +2 dB. 

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

Iistortion at 100% Modulation: 1% or less, 50 to 100 cycles. 
.5% or less, 100 to 10,000 cycles. 
1% less, .or 10,000 to 15,000 cycles. 

FM Noise: 

AM Noise: 

Power Input: 

Tube Complement: 

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. 

7 - 6AU6 
1 - 6AQ5 
3 - 656 
1 - 12AT7 
3 - 12AX7 
2 - OA2 
l- GZ34/5AR4 

5/26/5S 
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INTRODUCTION 

All FM transmitters require a device that will supply an RF driving 
_ voltage of sufficient amplitude t.o drive a succeeding amplifier 

stage to the required output power level. In addition, this device 
must have necessary provisions made for frequency modulating the 
carrier the proper amount. 

These requirements are filled by the MS534 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 lbs.). 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 con- 
nected from TBlOl-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. 
The 
the 
are 

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

2. Two wires that connect to TBlOl-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 connect to TBlOl-9 10. This provides operating 
voltage for the crystal oven. Requjrements are 117 V AC at about 
6 watts intermittent service. 

fin addition, 
unit, 

if the exciter unit is used to supply B+ to some other 
a wire must be connected from TBlOl-G 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 TBlOl-6. 
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If the power amplifier stage of the exciter unit (V113) is to be 
externally metered, the jumper connecting TBlOl-5 and 6 should be 
removed. A wire should then be connected from T5101-5 to the posi- 

‘tive terminal of the external milliammeter and a wire should be con- 
nected from TBlOl-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-OPERATION 

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 SlOl to the "ON" position. 
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 ClSS (V113 plate tune) for maximum power 
output into a load, following stage, or antenna. Final adjustment 
of Cl58 and Cl59 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 
l/4 mmf. can considerably de-tune a circuit operating in the VHF 
range. 

Frequency adjust control Cl02 should be set to the value given in 
the factory test data sheet. Oven pilot lamp Al01 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 
frequency 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 Al01 will be "ON“ l/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. TP1.20 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 "OX" one third of the time, the oven would use only 2 
watts of power per hour. 

Assuming that the crystal oven 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. In most cases, this will be accomplished when the 
low voltage switch is turned on in the transmitter whether the 
transmitter be 250, 1000 or 5000 watts. 

If the exciter is turned on 10 or 15 minutes before "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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TliEORY 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 Isill be very stable. In addition, 
tuned cjrcuits 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 2100 kc/s swing. This 
means that a 100 MC/s carrier fur example, must be capable of instan- 
taneously moving from 99.9 K/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 re- 
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. 1.: 

3:,fi xc ,134P; Cycles 

Fig. 1, Frecl-ue~cJT. Nultiplier Circtit, ICripler. 
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A series of sharp spikes or pulses is being applied to the grid of Vl. 
For the moment assume no modulation. The pulses are being applied at 
a frequency rate of 116 kc/s. The plate circuit of Vl consisting of 
Ll, 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 Vl, the tube 
suddently conducts and shocks the plate circuit of Vl into oscillation 
at its resonant frequency of 348 MC/s. If a scope were connected 
directly to the plate of Vl, these oscillations would appear as shown 
in Fig. 2 below: 

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 Ll. This 
resistor also broadens the bandwidth of the Ll, Cl combination to the 
necessary 35 kc bandwidth. 

If the "Q" of the Ll, Cl combination were.very high and some regenera- 
tion were present in Vl, 
oscillate on its own. 

the circuit would probably "take off" and 
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? 
prevent the circuit 

the flywheel effect of the plate circuit of Vl would 
from following faithfully and distortion would result. 

We said that the maximum frequency deviation of our 116 kc driving 
pulses was +116 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 Vl is as follows; the plate 
circuit of Vl 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 a three times 115,884 cycles or at 347,652 
cycles. Total frequency deviation in the plate circuit of Vl due to 
frequency modulation is thus 348,348 minus 348,000 cycles and 348,000 
minus 347,652 cycles or a frequency deviation of t348 cycles. 
frequency of 116 kc has thus been tripled to 348 kc. 

The driving 
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, 
tripled. 

frequency deviation due to modulation is 
If the frequency is doubled, 

tion is doubled. 
frequency deviation due to modula- 

-... 
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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 Vl. 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 Vl 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 Vl and V2 described in the previous paragraphs has 
for all practical purposes been "lifted" and used in the M5534 exciter 
unit. Referring to drawing which is the overall schematic, V105 has 
been substituted for Vl 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 Vl and 
V2 in Fig. 1. 

It was explained previously how a series of pulses occurring at 116 kc 
with a frequency deviation of +116 cycles could be conv.erted 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 Fin. 3. 

v3 

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. VZ 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. Tiis is shown by the dotted 
lines drawn through the 348 kc signal at the grid of V2. 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 V2 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 "lifted" 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- 

24 kc or approximately 100.2 MC. Our original quency will be~l00.2 
signal had a frequency swing of:116 cycles or .116 kc. MultiGlying 
this frequency swing of 864; the final output frequency of lob.2 Mc 
will have a frequency swing of 100.224 kc. It is apparent that 
these figures meet with the ECC requirements of a capability of 100 
kc 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 

864 
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. VllO through V112 are so called "push-push" 
stages and are all 656 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 VllO may be ques- 
tioned. Reference in particular is made to 5101, 5102 and the 
short coaxial cable jumper between them. The combination of LllO, 
Cl37 and Cl38 tunes the plate circuit of V109 to the proper reson- 
ant frequency. Cl37 and Cl38 are impedance transforming condensers 
that change the high impedance output of V109 to about 51 ohms at 
5101. 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 C139, Cl40 and Cl41 then transform the 51 ohm 
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.impedance back to a high impedance in addition to resonating 
Llll to operating frequency. 

JlOl and JlOZ are used specifically for the purpose of inserting 
multiplex sub-carriers on the main carriers. If the main carrier 
is not being multiplexed, JlOl connects directly to JlOZ by a 
short jumper and for all practical purposes LllO is capacitively 
coupled to Llll and the operation of V109 and VllO is treated the 
same as any of the other frequency multiplier stages in the exciter. 

Power Amplifier Stage 
(V113) 

Output power from the last frequency multiplier stage, VllZ is on 
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 VllZ), 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 Cl59 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 
(VlOl 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 VlOl through V104, in the exciter, are the circuits that 
originate frequency modulated pulses. VlOl is a crystal con- 
trolled oscillator stage. This stage is a form of Pierce 
oscillator with feedback being controlled by Cl03 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 Cl03 will, to a certain extent, also determine the 
exact output frequency. The output of VlOl is a sharp, negative 
pulse that appears much as in Fig. 5. 
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Fig. 5, Typical Waveform, Output VlOl 

The negative pulse of Fig. 5 is applied to the first section of V102, 
a shaper stage that also inverts the pulse so that it can be used to 
drive V103. The second section of VlOZ 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 
V104 is shown in Fig. 7. 

5/26/58 

Fig. 7, Typical Waveform, Output VlOJ 
(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 
w'ould appear if VlO4 were not in the circuit. 

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 116 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 qf VlO4 as the tube conducts. 

In Figure 11, the 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 sooner 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 Cl12 

In Figure 11, 
was assumed. 

a modulation frequency of approximately 7,250 cycles 
This means that the length of time of one modulating . 

cycle is l/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 instantaneously 
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 l/2 the time. The same amount of frequency deviation occurring 
in l/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. 
a true. phase modulation system. 

This would make the 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. Cl12 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 Cl12 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 Cl12 is 
known as de-emphasis since it de-emphasizes the higher frequencies. 
It is sometimes referred to as a pre-distorter. 

Distortion Controls, Cl10 E; 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 Eg, 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, 
shown. 

the sawtooth output of the first section of V103 was 

feedback 
Dotted lines show the approximate waveform without the 

circuit of the second section of V103. The amount of 
feedback is determined by C1.09. In practice, the sawtootll 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 Cl11 and Cl10 (distortion 
adjust control) 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 Cl10 is therefore set for maximum 
linearity of sawtooth when the exciter unit ii tuned-up on fre- 
quency. Distortion control R119 is set so that the sawtooth wave- 
form is "clipped" 
edge. 

in the approximate center of the linear leading 
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 Cl13 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. 

I 
1 . 
‘\. 

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 +lO dBm and that inpilt im- 
pedance be 600 ohms. Audio amplifier stages V114, V115 and 
associated circuitry embrace these standards. 

Approximately 30 volts RMS of audio is required at the output of 
the audio amplifier stage as measured at TP118 to modulate the FM 
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 Cl63 
and R158, I~159 in series. Varying the value of Cl63 will effect 
the response somewhat at the low end of the audible spectrum from 
50 to 100 cycles. Some of the feedback at the high end of the 
audio spectrum, (10,000 to 15,000 cycles) may be relieved to com- 
pensate somewhat for improper high frequency audio response. 
This is accomplished by C160. 

Audio input stage V114 is driven by audio input transformer, T102. 
The output of this transformer is high impedance to match the grid 
circuit of the first stage. The input of TlOZ matches 600 ohms 
balanced input. A plug-in pad, ATlOl, is stationed between the 
input connections to the input transformer TlOZ and the audio in- 
put terminals on TBlOl. 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 AT101 (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. 

5/26/58 -15- ~~5534/M5072,'M5673/M5674 
Exciters 



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, VllG 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 TBlOl terminals 7 and 8. 

T103 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 T103 
is done by means of rectifier tube V116, a type GZ34/5AR4 type 
tube. J116 has a slow heating cathode so that B+ is not provi- 
$ed for the exciter proper until other tubes in the unit have had 

e to heat UD and draw current. This is a safety factor that 
cds to prevent arcing and over-dissipation of power supply 
components. 

Filtering of the positive DC voltage is accomplished by LlZl and 
C165/166 which is a dual plug-in capacitor. Series regulation 
of the filtered, positive DC is provided by a series type regu- 
lator tube V117 a type 6080 tube. VllS is a control tube that 
amplifies minor voltage variations of the regulated output. 
V119 and V120 are reference tubes. Proper voltage of +320 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 VI17 
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 voltage adjust control (RL73) set for the proper output 
voltage of around +3.20 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 VI18 the 
control tube through V1.20 and R173. The control grid voltage 
of V118 will become less positive and cause V118 t.o 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 V118. 
When the voltage at the plate of the control tube VI18 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 Vl18 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 minute variations of voltage whether short or long time 
variations and actually increases the effective filtering of 
the B+ voltage. Hum and noise 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 additional 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. 

5/26/58 -17- M5534/M5672/115673/M5674 
Exciters 



Crystal Heater Circuit 

Frequency stability of the exciter unit is better than .OOl% over 
: an ambient temperature range of +lO C. to +60 C. This is made 

possible by the crystal oven HRlOl which maintains the crystal 
itself at a temperature of 60 C. 

Heater voltage of 6.3 V. AC is supplied by TlOl. 'When the oven 
is actually heating, pilot lamp, Al01 will be lit. 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, 
Al01 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 Cl01 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 TlOl will cause F102 (l/8 A.) to blow. 

A short of B+ to ground or a shorted filament will cause FlOl to 
blow. FlOl 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 is much greater than this. A Slo-Blo fuse must, there- 
fore, be used for FlOl to keep its value low enough so that a 
short in the secondary circuit of T103 will blow the fuse. 

Line Filters 
(Located at TBlOl) 

A group of low-pass filters are located at TBlOl. They consist 
of L122 through L127 and Cl68 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 tones. 

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. When the inductance is given in henries, and resis- 
tance in megohms, the time constant is in microseconds. For exam- 
pie, to calculatedthe time constant of the network Fig. 13, which 
contains a resistance of .l megohm and an inductance of 7.5 hen- 
ries; the time constant equals L/R equals 7.5/l 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 ES-6170. 

R = .1 Meg. 

A. Pee-Emphasis 
(Transmitter) 

o---WV 
I 

AUDIO 

b 

--- 
Time Constant = 

. L/R=7.5= 
75 microseconds. 

0 
- 

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 .OOl microfarad and the resistance is 
75,000 ohms. The time constant, therefore, equals R times C equals 
75,003 times .OOl 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. 

R = 75K 

Y . . . 

AUDIO AUDIO '?c = .OOlUff 

I I 

B. De-Emphasis 
(Receiver) 

Time Constant = R 
75,000 x .OOl = 
75 microseconds. 

Fig. 14 

xc= 
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TO clarify the need for pre-emphasis in an FM transmitter, three 
important 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 somewhat verified by listening to the high 
pitched hiss in an FM receiver when the carrier 
is unmodulated. Pluch 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 
c industry to use +lO 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 
+lO 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 lOO%, we 
must reduce the audio input level approximately 8 dll or to an in- 
put level of approximately +2 dHm. If we raise the audio input 
frequency to 15,000 cycles and still want to modulate lOO%, 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 transmission 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 response 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. High 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 VlOl 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 TPlll 
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 TPl16. This indicates 
sufficient driving power to final amplifier stage V113. 

If a defect is suspected but can not be spotted, checking resis- 
tance of the various tuning coils LlOl 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 LlOl, L102 and 
L103 should be the same. 

COIL DC CONDENSER VALUE 
RESISTANCE ACROSS COIL 

LlOl,L102,L103 21 ohms 150 mmf. 
L104,L105 9.6 ohms 100 mmf. 
LlOO,L107 5.5 ohms 24 mmf. 
LlOS,L109 2.1 ohms 24 mmf. 
L110,L111 1 ohm See Schematic 
LllZ,L114,L115 .12 ohm See 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 is 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 frolm 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 (Cl58 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 MS534 
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 C15S plate tune or Ci59 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, 
efficiency of V113. 

the plate current which increases 

In some cases, U+ voltage of 320 volts will be tapped off of TBlOl 
terminal G 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 GO ma. 
25 ma. for 2 watt output. 

for 10 watt output to about 
This "extra" 

for external purposes. 
current may then be used 

In summary, when driving an additional amplifier stage from the 
exciter unit, reduce output by adjustment of R155 and keep Cl58 
and Cl59 tuned for maximum grid drive in the following stage. 

V113 Efficiency 

An external jumper is provided on TBlOl 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. 
calculated. 

The voltage drop across R153 must first be 
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 (lip-(IR) ) 

where IR is drop across R153 
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If, for example the ammeter reading obtained 
when connected :n series with TBlOl-5 and 6 
was 60 ma. and B+ to ground was +SZO: 

Power input V113 = .06 X (320 - (.06.X 250)) 
= .06 X (320 - 15) 
= .06 X 305 
= 18.5 watts 

Assuming an output power of 10 watts: 

Plate dissipation V113 = Power input - Power output 
= 18.3 - 10 
= 8.3 watts 

Efficiency of VllS Stage = Power Output 
Power Input 

= 10 

18.3 

= 54.8% 

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

TPlOZ 

TP103 

TP104 

TP105 

TPlOG 

TP107 

TP108 

TP109 

TPllO 

TPlll 

TP112 

TP113 

TP114 

TPll5 

"TP116 

"TP117 

TP118 

TP119 

TYPICAL DC TEST POINT 

VOLTAGES OF MS534 EXCITER UNIT. 

' NO MODULATION. MEASURED WITH 

20,000 OHl%,'VOLT VOLTMETER. 

WITH DRIVE 

VOLTS 

-.3 to -2.5 

-2 to -3.5 

9 to 13 

-34 to -39 

65 to 75 

-1.5 to -2.5 

54 to 58 

72 to 76 

65 to 80 

122 to 132 

0 DC (.4 to .6 V. RMS RF) 

0 DC (.'4 .to'.6 V. RMS RF) 

110 to 120 

120 to 140 

190 to 210 

-5 to -10 

150 to 170 

13 to 17 

320 

NO DRIVE 

VOLTS 

1 to 2 

.5 to 1 

3 to 6 

0 

25 to 35 

0 

30 to 40 

23 to 28 

35 to 45 

195 to 205 

0 

0 

170 to 180 

220 to 230 

245 to 255 

0 

195 to 205 

7 to 10 

320 

*Readings for TP116 and TP117 obtained with 1~167, output control 
full clockwise or maximum output position. 
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PROOF OF PERFORMANCE 
Center Frequency, Noise, Distortion, Response. 

Proof' of perform,ance 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 FI\I 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 
determined somewhat by the amount of power needed by the monitor 
(usually about 1 watt) and by the output power of the transmitter. 
For low power F?.l 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 outputimpedance is 
then connected to the audio input terminals. These are TblOl-1,2, 
3, on the exciter unit with terminal 113 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 if 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 control) 
until the frequency standard shows proper frequency. 

Occasionally, a crystal may be used that cannot be set exactly to 
center frequency by means of Cl02 alone. Also, a crystal that was 
originally on proper center frequency, may drift off the range of 
Cl02 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 Cl03 lowers the carrier frequency and decreasing the 
value of Cl03 raises the crystal frequency. 

With the value of Cl03 set at the optimum value of 150 mmf. vary- 
ing Cl02 (frequency adjustment control) from minimum to maximum 
will cause the carrier frequency to vary approximately 30,000 
cycles. Changing the value of Cl03 from 150 minf. to 50 mmf. will 
raise carrier frequency about 10,000 cycles. Changing Cl03 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 
adjustmentpoint, 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 lOO%, say about 50%. Then bring modulation 
back up to 100% and readjust R119 for minimum distortion as ob- 
served on the distortion analyzer. Next, 
distortion. 

adjust Cl10 for minimum 
Then readjust R119 for minimum distortion. 

Adjusting Cl10 effects the percentage of modulation level as obser- 
ved on the monitor. Final adjustment of Cl10 should be done as 
follows: Distortion should first be reasonable, say better than 
l-l/Z% at 50 cycles. Then commence adjusting Cl10 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 Ill19 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 check 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 TPlZO/lZl. to the input of the distortion 
analyzer. Distortion 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 VlOl through V104 are given on drawing B-65626. 

One hundred percent modulation should occur at an input level of 
approximately +lO d13n from 50 to 1000 cycles. This input level 
will cause an RkIS audio voltage at TP118 of about 30 volts. If an 
input level of +lO dUm does not generate an RNS voltage of about 
30 volts at TPllB then a defect in the audio section may be sus- 
pected. If sufficient MS voltage exists at TP118, and the ex- 
citer will not modulate lOO%, 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 dU with respect to 100% modulation at 400 cycles, 
it will usually not prevent a good distortion reading at a low 
modulating frequency. Ilowever, 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 clipping 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 Hl.19 and Cl10 may not have to be re- 
set for the life of the exciter unit. Changing modulator tubes will 
probably not cause distortion figures to change by more than .l or 
.2%. There are exceptions to every rule though. 

Overall Audio 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 ES-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, Two 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. 
modulation level would be 35%. 

In this case, the proper 
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 
can be quickly seen from drawing ES-6170 that the response is 

it 
-2dB 

below the normal curve. The same reasoning may be applied to the 
low end of the curve. 
small steps, 

If the input attenuator is calibrated in 
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, 
calibrated. 

the audio oscillator output must be accurately 
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 
appreciably, if the modulating frequency is raised upward, say to 
5000 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 cycles the amount of reduction of 
input level should be 10.9 dB. 
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ing 
in 

Recording the amount of reduction of input level versus modulat 
frequency and reversing the sign of polarity will give the rise 
frequency response. This can then be compared to the curve of 
drawing X-6170. 

The second suggeited method is particularly useful when response 
measurements are being made at 25 and 50% modulation levels or 
when a standard F&I 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-l/3% modulation on a standard FM monitor for the FM 
broadcast band of 8X 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. Cl60 affects response be- 
tween 10,000 and 15,000 cycles. Changing the value of Cl60 from 
50 to 200 mmf. will raise the audio response as measured at TP118 
about 3 dB at 15,000 cycles. 

Audio response as observed at TP118 will usually have to be com- 
pensated high about 2 dU 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 
or so. When this is done a voltmeter should be connected to TPlO6 
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 
noise of the exciter unit can be expected to approach 70 dB or 
better. 

If FM noise is high, the audio section is the most logical place 
to start looking. Removal of the last audio tube 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 FM noise. 

fU4 Noise 

AM noise is measured or referenced with respect to a 100% 
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amplitude modulated wave. This Akl 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. 

fil 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. ;f A&f noise is high, it can actually originate in most any 
stage. However, if upon analyzing the type of noise it is found 
to have a basic 120 cycle comoonent. the Dower SUDD~Y should be 
suspected. If the noise appears to'be mostly a 
a heater to cathode leak in any stage should be 

6^0'cycle component, 
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 MI noise measurements is the sampling 
For example, 

loop or device. 
if the RF sampling loop is mounted in a P.A 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. R set of typical readings for 
proof of performance is given below: 

Carrier frequency, OK 
Distortion at 100% modulation: Response with reference 

to standard 75 micro- 
second pre-emphasis 
curve. 

50 Cycles 
100 Cycles 
400 Cycles 
1000 Cycles 

2500 Cycles 
5000 Cycles 
7500 Cycles 
10,000 Cycles 

15,000 Cycles 
FM Noise: 
AM Noise: 

. 32 .......... 1 dB 

.28 .......... -.3 dB 

.25 .......... 0 

.25 .......... 0 

.24 .......... 0 

.20 .......... 0 

.23 .......... -.4 dB 

. 36 .......... -.2 dB 

.68 .......... -1 db 

-69 dB 
Better than -70 dB 
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MAINTENAXCE 

Since maving 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, 
the exciter unit. 

stay set in one position for the life of 
The one exception to this would be Cl02 the 

frequency adjust control. 

Because routine maintenance is used to prevent trouble and not 
start it, it is not deemed advisable to poke and pull at every 
component part at a pre-arranged time. Tubes are the most 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. 
weekly or monthly. 

The test point voltages should then be checked 
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-4.1615 will possibly reveal 
an eminent failure of one of the audio stages or one of the pulse 
stages VlOl through V104. 

When tubes are checked and replaced, it is wise to replace them 
in their original socket. If Vlll, V112 or V113 are changed, it 
may be necessary to retune associated circuitry for best 
performance. 
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TROUULESlfOOTING 

It would be impossible to list every failure and possible cure that 
might bccur 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 possible clues listed that may 
help in locating the defect. 

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

1. Problems associated with carrier only. 

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). 

l3. Low carrier (porter 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. 
tube has usually gone completely dead. 

When this happens, a 
A comparison of test 

point voltages with those given at the end of the complete tune 
up procedure, test data sheet or voltages recorded at test points 
when t!le unit was working properly should revcal the defective 
stage. The difference 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 points 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 extreme- 
ly low. A failure of any circuit from oscillator stage to power 
amplifier stage will, of course, cause loss of carrier. 
supply itself should not be overlooked. 

The power 
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To quickly isolate the trouble to a single general area, the 
following process could be followed: 

1: Check to see if B+ voltage exists at TP119. 

2. Check negative voltage at TP104. A reading of about 
-35 volts here indicates VlOl 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 
V106 is receiving drive from previous stages. 

4. Check RF voltage at TPlll 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 TP116. 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-65625 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 into TP117. Then 
tap on the chassis orwhatever elseit 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 is 
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 connection or an intermittent short. 

D. 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 
ing the 

to the oven thermostat sticking and caus- 
crystal to overheat or could be,due to the oven not heating 

at all. 
all the 

If the thermostat is sticking, pilot lamp Al01 will be on 
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 
VlOl 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 lVot Modulate At All. 

D. High FM Koise. 

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 TPllS. 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 Vll4 
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 FN system that the greatest difficulty 
in attempting to modulate occurs at low frequencies. 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 VlOl through V103. 
A check of the waveforms in stages VlOl 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 "hots' 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. Nhen V104 is inserted and 
the bias properly set, the waveform will be "cut" approximately in 
the middle horizontally. 
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Khen 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 PM noise can be quickly checked. It should be somewhere 
in the vicinity of -60 dB to assure that noise is not masking out a 

' good distortion reading. 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 LlOl through L107 
decreases the distortion, a complete retune up of LlOl through L107 
is indicated. L101, L102 and L103 are most likely to clip sidebands 
and cause high distortion at 15,000 cycles. 

B. .woper 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 2 dB or so high at both extremes of the audio 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 s,ome of the low 
frequency multiplier stages LlOl through L107. 1,101 through L103 are 
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 CllZ, 
R118 and R117 or Rl19. 

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 Cl12 has developed a short. It is 
possible in some cases for V104 to be dead and still pass a carrier * 
through due to the tube capacity. In such a case, modulation could 
not occur. 

Il. 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 not located in the audio stages, the next most 
probable suspect is the pulse stages of VlOl through V104. &lY 
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 GO cycle rate can also be caused in the crystal circuit by 
induction from the crystal heater. 
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E. Aid 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 F&l noise component to appear. While this type of difficulty 
can occur in 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. IIum from heater 
cathode leakage will show itself as a 60 cycle component and power 
Supply hum as a 120 cycle component. 

Typical RF Voltage Measurements. 

The following RF voltage measurements were made using an II-P 
Model 41UU VTVM. 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 
58.1 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 

Pin 5? V105 
Junction C118,C119,L102 
Pin 1, V106 
Pin 5, V106 
Pin 1, V107 
Pin 5, V107 
Pin 1, V108 
Pin 5, V108 
Pin 1, V109 
Pin 5, V109 
5101, TPlll 
5102, TP112 
Pin 5, VllO 
Pin 6, VllO 
Pin 1 & 2, VllO 
Pin 5, Vlll 
Pin 6, Vlll 

Reading 

13.5 v. 
8.2 V. 
6 V. 

18 v. 
5.2 V. 

29 v. 
4.7 v. 

29 v. 
6.6 v. 

34 v. 
.47 v. 
.51 v. 

6.2 V. 
6.4 v. 

2.1 v. 
9 v. 

10.5 v. 
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Location Readings 

Pin 1 6 2, Vlll 23 V. 
Pin 5, V112 9 v. 
Pin G, VllZ. 9.5 v. 

Pin 1 & 2, V112 26 V. 
Pin 1 4 3, V113 19 v. 

Pin 6 4 8, V113 150 v. 
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T Symbol. No, 

MS534 STEREO EXCITER 

PARTS LIST 

Gates Part No. Description 

A101 396 0045 000 
AT101 932 0016 001 

,ClOS, c101,C104 
ClGL,C163 
C162,C176 

‘, 
506 0014 000 

ClOY 520 0301 000 

Cl03 516 0193 000 

Cl05 516 OlS5 000 

c106,c115,c116, 
C117,ClZO,C121, 
Cl22 516 0082 000 
C107,C123,C125, 
C126,C127,C129, 
c13o,C131,C134 516 0074 000 

Cl09 506 0012 000 
Cl10 520 0125 000 
Cl11 516 0191 000 

CllZ,C164 506 0017 000 
c113,clls,c119 516 0175 000 

C114.Cl35.Cl36. 
C142;C143;C145; 
Cl75 516 0054 000 

C124,C140 516 0172 000 

Cl32 516 0345 000 
c12s 502 0183 000 

c137,c144 516 0173 000 

C138,C140 516 0252 000 

c139,c141 516 0179 000 

c147,c14s,c149, 
c15o,c151,c153, 
C15S,C156,C157 516 0043 000 

c152,c159 520 0112 000 
C154,C158 520 0169 000 

2/g/02 

Lamp, G-8 V. #47 
Std. 75 microsecond pre-emphasis 
pad 

Cap., . 1 mfd, 400 (W)V. DC 
Cap., Vari. 4.5 to 100 mmfd., 
shaft type 
Cap., .00015 mfd, +lO%, 600(N)V. 
ceramic tubular 
Cap., .00005 mfd, +lO%, 6OO(W)V. 
ceramic tubular 

Cap., .Ol mfd., 1 kV. 

Cap., .005 mfd, ?20%, 1 W, 
ceramic disc 
Cap., .03 mfd, 4OO(W)V. DC 
Cap., Vari. 4.5 to 100 mmfd. 
cap., .OOOl mfd, ?lO%, GOO(W)V. 
ceramic tubular 
Cap., 1 mfd, 400 (W)V. DC 
Cap., .OOOOlS mfd, *lo%, 6OO(TY)V. 
ceramic tubular 

Cap., .OOOl mfd, +20%, 1 kV 
ceramic disc 
cap., .000005 mfd, ?lO%, 600(M)V. 
ceramic tubular 
Cap., . 5 mmfd, 6OO(W)V. ceramic 
Cap., 1 mmfd, t.5 mmfd, SOO(W)V. 
silver mica 
Cap., .OOOl mfd, +lO%, 6OO(W)V. 
ceramic tubular 
Cap., .00033 mfd, ilO%, 6OO(W)V. 
ceramic tubular 
Cap., .000025 mfd, +lO%, GOO(W)V. 
ceramic tubular 

Cap., 470 mmfd, +20%, 1 kV 
ceramic disc 
Cap., Vari. 2.7 to 19.6 mmfd. 
Cap., Vari. 2.4 to 10.8 mmfd. 
(butterfly type) 
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Symbol No. Gates Part iu'o. Description 

Cl60 518 0039 000 
_ C165,CL66 524 0013 000 

Cl67 522 0133 000 
C168,C169,C170, 
C171,C17Z,C173 516 0250 000 

Cl74 516 0227 000 

Cl77 506 0016 000 

FlOl 398 0079 000 
F102 398 0006 000 

HRlOl 558 0001 000 

JlOl,JlOZ 612 0237 000 
5104 612 0369 000 

LlOl 913 1104 001 
LlOZ,L103 913 1105 001 
L104 913 1106 001 
L105 913 1107 000 
LlOG,L107 913 1108 001 
L108,L109 913 1109 001 
LllO,Llll 913 1110 001 
Ll12;LllS 492 002.5 000 
L113 492 0027 000 
L114 
Lll6 
L117 
Lll8 

492 0024 000 
913 1112 001 
913 1113 001 
913 1114 001 

L119 
L120 494 0110 000 
L122,L123,L126, 
L127,L128 494 0004. 000 
L121 476 0013 000 
L124,L125 913 1116 001 

PlOl,P102 610 0238 000 
P103 620 0122 000 

KlOl,R165,R166 540 0218 000 
R102,1~113,R118, 
R122,1~125,1~129, 
R133,K144 540 0186 000 
R103,R124,R104, 
R109,R112,K139, 
R158,11159,R164, 
11175 540 0202 000 

Cap., Trimmer, SO-380 uuf. 
Cap. p Filter 30/30 mfd. @ 525(IV)V. 
DC 
Cap., Filter 16 mfd, 450 (W)V. 

Cap., 500 mmfd, ?20%, 500 V. DC 
ceramic (button type) 
Cap., 500 mmfd, +ZO%, 500 (\V)V. 
DC ceramic feedthru type 
Cap., .5 mfd, 400 (K)V. DC 

Fuse, 1% amp, 3 AG Slo-810 
Fuse, l/8 amp, 3 AG 

Crystal Oven w/internal octal 
socket 6.3 V.'heatcr 
operation at 60°C. 

Receptacle, UG-290A/U 
Phone Ja& 

Freq. Multiplier Coil Assembly 
Freq. ?,lultiplier Coil Assembly 
Freq. Multiplier Coil Assembly 
Freq. Multiplier Coil Assembly 
Freq. Multiplier Coii Assembly 
Freq. Multiplier Coil Assembly 
Freq. Multiplier Coil Assembly 
Coil, 2 to 3.7 uh. 
Coil, 3.4 to 7 uh. 
Coil, Vari. w/ brass slug 
656 Plate Coil 
Grid Coil for V113 
Plate Coil for V113 
Output Coupling Coil for V113 
R. F. Choke, 3.3 uh. 

for 

R. F. Choke 
Choke, 6 hy. @ 160 ma, 165 ohms 
Isolation Choke for AC Line 

Plug, UG-88/U 
Adapter, right angle 

Res . , 2.2 megohm, k IV, 10% 

Res. , 4700 ohm, k W, 10% 

Res. , 1OOK ohm, ?i I!J, 10% 
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Symbol No. Gates Part No. --- 

K105,R152,R168 540 0190 000 
R106,1U14 540 0207 000 
K107 ,I1115 540 0762 000 
1~108 540 0180 000 
RllO 540 0182 000 
1~111,11121,1~128, 
K132,1~136,R138, 
1~141,R142~i~145~ 
K146,K14Y,R150, 
R162,lU63 540 0206 000 
Ii116 540 0208 000 
I~117 540 0198 000 
I~119 550 0071 000 
K123,RlZ6,1~127, 
R130,K120 ,R134) 
R135,Kljl 540 0210 000 
R137 540 0184 000 
R140 540 0056 000 
R143,R147 540 0760 000 
R148 540 0178 000 
I1151 540 0752 000 
R153 542 0064 000 
R154 
11155 550 0073 000 
R156,R169 540 0756 000 
R157 540 0196 000 
R160 
1~161 
R167 
R170 
R171 
R172 
R173 
R174 

540 0160 000 

540 0189 000 
540 OlS3 000 
542 0095 000 
540 0475 000 
540 0213 000 
540 0754 000 
550 0067 000 
913 2346 001 

SlOl 604 0005 000 

TlOl 472 0088 000 

T102 478 0144 000 
T103 472 0248 000 

TBlOl 614 0054 000 

Description 

lies., 
Res., 
Res . , 
Res., 
Res. , 

10k ohm, s w, 10% 
270k ohm, h W, 10% 
68k ohm, 2 lV, 10% 
1500 ohm, k IV, 10% 
2200 ohm, 15 I?, 10% 

Res., 220k ohm, G IV, 10% 
Kes. , 3301~ ohm, k W, 10% 
Kcs . , 47k ohm, 4 \V, 10% 
Pot., 50,000 ohm, linear 

Kes., 470k ohm, l/2 W, 10% 
Res., 3300 ohm, l/2 W, 10% 
Res. , 2k ohm, l/2 IV, 10% 
Res., 47k ohm, 2 W, 10% 
Res. , lk ohm, Q Iv, 10% 
Kes., 10k ohm, 2 IV, 10% 
Res., 250 ohm, 10 W. 
Res., 100 ohm, % lV, 10% 
Pot., 1OOk ohm, linear 
Res., 22k ohm, 2 W, 10% 
lies., 33k ohm, tr IV, 10% 
lies., 8200 ohm, + IV, 10% 
Res., 2700 ohm, ?i TV, 10% 
Kes., 1Ok ohm, 10 IV. 
Res., 6800 ohm, 1 IV, 10% 
Res., 820k ohm, k W, 10% 
Res., 15k ohm, 2 W, 10% 
Pot., 10k ohm,~ linear 
Resistor Assembly, .l ohm 

Toggle Switch 

Iieater Transformer, Pri. 115 V, 
5O/GO Cycle, Sec. 6.3 V. C.T. @ 
1.2 Amp. 
Transformer, Audio Input 
Transformer, Power 

Terminal Board 
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Symbol No. Gates Part No. 

TPlOl,TPl02, 
TP103,TP104, 
TP105.TP106. ' 
TP107;TP108; 
TP109,TPllO, 
TPlll,TPllZ, 
Tl'113,TP114,, 
TP115.TPli6. 
TP117;TP118' 
TP119 612 
TPlZO,TPlZl 612 

VlOl,V105,V106, 
v107,v108,v109, 
V118 370 
v102,v103,v114 370 0116 000 
v104. 370 0112 000 
v11o,v111,v112 370 0082 000 
v113 370 0054 000 
v115 370 0032 000 
V116 370 0133 000 
v117 370 0158 000 
v119,v120 370 0001 000 

XAlOl 406 0057 000 

XATl,(XC165, 
XClG6)XV116, 
XV117 404 0068 000 

XFlOl,XF102 
XHKlOl 

402 0021 000 Fuseholder 
404 0053 000 Crystal Oven Socket 

XVlO6;XVlO7: 
XV108,XVlO9, 
xv11o,xv111, 
xV112,xv115, 
xv118;xv119; 
xv120 

XV102,XV103, 
xv104,xv113, 
xv114 

YlOl 

2/9/62 

404 0038 000 

404 0042 000 

Description 

Test Point Jack 
Test Point Jack 

Tube, 6AlJ6 
Tube, ECC83/12AX7 
Tube, 12AT7 
Tube, 6J6 
Tube. 6360 
Tube; GAQSA 
Tube, GZ34/5AK4 
Tube, 6080 
Tube, OA2 

Pilot Light Assembly, Clear 

Socket, Octal, Mica filled 

Socket 7 pin miniature, 
mica filled 

Socket, 9 pin noval, mica filled 

Crystal in T9D Holder 
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B. PEE-E/‘lPHAS/S P4D /‘I5986 

SCHEMATIC FOR PLUG-IN PADS USED IN 
GATES FM TRANSMITTERS I.45597 
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STANDARD PRE-EMPHASIS CURVE 

TINE CONSTANT 15 bUCROSECONDS 
(Solid Line) 

Frequency Response Limits 
Shown by use of 
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FIGURE 12 
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(ALMOST SINE) 

TP103,Vl04 OUT TPl03, VI04 IN PIN l,V104 

I 
NOTE.‘: 

THE ABOVE PP WAVEFORM MEASUREMENTS WERE 
MADE WITH A MODEL 524 AD TEXTRONIX SCOPE 
AN UNCALIBRATED SCOPE MAY BE CALIBRATED BY 
USING FILAMENT VOLTAGE TO SET A REFERENCE. 
PEAK TO PEAK VOLTAGE EQUALS 2.8 X RMS VALUE. 
6.3 VAG = 17.5 VPP. 

PIN 7, VI04 TPl04 
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A DIVISION OF HARRIS-INTERTYPE 


