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INSTRUCTION MANUAL 
FOR 

MODEL LPE-10 FM EXCITER 
AND 

MODEL LPT-10 TEN WATT TRANSMITTER 

SECTION 1. GENERAL 

1.0 INTRODUCTION 

The Model LPE-10 FM Exciter and the Model LPT-10 Ten Watt 
Transmitter for non-commercial FM educational use are 
described in this manual. As these units are essentially 
the same, the contents of this manual apply equally to 
each unit except where noted otherwise. The primary 
differences are found in the method of mounting. The 
Model LPE-10 FM Exciter is supplied on standard 19 inch 
rack panels and requires 14 inches of vertical panel 
mounting space. ~?he Model LPT-10 Ten Watt Transmitter is 
furnished in an enclosed 42 inch high cabinet in which 

the FM Exciter has been mounted. In addition, an electric
wave, low-pass filter is included in the RF output of the 
Exciter to reduce all harmonic content 70 db below the 
carrier level. Other than th~se basic differences, the 

units are identicBLl, and in the following text reference 
will be made only to the Model LPE-10 FM Exciter to avoid 
repetition. Both the Models LPE-10 and LPT-10 have been 
FCC type accepted as an FM exciter and as a low power 
non-commercial educational transmitter, respectively, for 
monophonic, FM stereophonic, and SCA service. 

1.1 DESCRIPTION 

LPE-10 
• 

The Model LPE-10 F'M Exciter employs direct frequency modu
lation and will deliver 10 watts of output power to a 
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2. 

51 ohm load on any preselected channel in the commercial 
FM band (88-108 mc/s). The Exciter consists of two basic 
components. These are the Type H-6242 FM Generator and 
the Type H-6240 Ten Watt RF Amplifier. The first unit 
requires 8-3/4 inches of 19 inch panel space and is 
mechanically fabricated in two sections. The lower 
section contains the regulated power supplies and metering 
circuits. The second· section, consisting of a smaller 
shock mounted assembly, is the upper portion of the 
Type H-6242 FM Generator and contains the oscillator, 

reactance modulator, frequency conversion circuits, and 

the automatic frequency c6ntrol (AFC) circuitry. The 
output frequency of the FM Generator is on the selected 
FM channel and at a power level of approximately 5 milli
watts. 

The Ten Watt RF Arn.plifier, Type H-6240, is a three stage 
neutralized RF amplifier which elevates the input signal 

to a power level o,f 10 watts at the output termination, 
It is constructed on a 5-1/4 inch by 19 inch rack panel. 

The Mode~LPT-10 Ten Watt Transmitter, consisting of the 
above items, also includes a Type s-6310 three section 
51 ohm M-derived low-pass filter. The derived sections 
of the filter are designed to attenuate, in particular, 
the second harmonic content of the Exciter. The third 
and higher order h.armonics, however, are attenuated by 

more than 100 db w·hen the filter is employed. 

The panels of the Model LPE-10 FM Exciter are photo etched, 
and the markings cannot be destroyed by normal cleaning 

solvents. Therefo,re, solvents or warm soapy water may be 
used to remove smudges and fingerprints from the panel. 

LPE-10 
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1.2 

The Model LPE-10 FM Exciter is designed for monaural or 

stereophonic FM broadcast service. Provisions are made 
for the addition of two SCA multiplex subcarrier inputs, 

such as delivered by the Moseley Associates, Inc. Model 
SCG-4 Subcarrier Generators. For FM stereophonic opera
tion, the Moseley Model SC0-3 FM Stereo Generator is 

connected to the wideband input connector. In this mode 
of operation a single SCA subcarrier channel may be 

connected to the multiplex input. For the monaural mode 

of transmission, a standard 75 microsecond pre-emphasis . 
network is included in the Exciter. 

PRINCIPLE OF OPERATION 

A block diagram of the FM Generator 1s shown in Figure 1. 

It is to be noted that this diagram covers only the Type 
H-6242 FM Generator and does not include the Ten Watt RF 

Amplifier. To describe the operation of the unit (refer 
to Figure 1.), the heart of the Exciter centers around 
the basic oscillator. This is essentially a modified 

Hartley oscillator operating on a frequency of approxi
mately 14 mc/s. (The exact frequency is dependent upon 

the output frequency of the Exciter as will be explained 
1n greater detail in SECTION 3 of this manual.) The 

basic oscillator output is coupled into a buffer amplifier 
and then to a frequency mixer and binary divider unit. 

The purpose of the high frequency mixer is to convert the 
approximate 14 mc/s oscillator signal to the assigned 

output frequency by heterodyning it with a stabilized 
signal generated by a high frequency crystal controlled 

oscillator/multiplier chain. A suitable tuned amplifier 
stage amplifies the sum of the two frequency inputs to 

the mixer to derive the output signal of the Type H-62q2 
FM Generator. 

LPE-10 
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The binary d i vider, deri ving its input signal from the 

buffer amplifier fol l owing the basic oscillator , d i vides 

the approximate 14 mc/s signal by a factor of 2048 times 

through eleven stages of bistable flip-flops . The output 

of the binary divider is then ampl ified, passed through 

a phase splitter , and appl ied to one input o f a standar d 

phase comparitor . The second input to the phas e c ompar itor 

is obtained from a low frequency crystal osci llator with 

suit able amplifiers and f r equency divider . The frequency 

of the l ow frequency reference crystal is directly rel ated 

to the desired frequency of the ba sic oscillator by the 

factor of frequency division afforded by the binary divider. 
I 

Thus , under nor mal operation the frequency of t he input 

signals to the phase comparitor will be the same (or very 

nearly s o ) . Uncter: these conditions the output voltage from 

the phase comparitor will depend upon the '-phase dif ference 

bet ween t he input signals . Consequently, a corrective 

phase cornparitor will depend upon the phase difference 

between the input signals. Consequently, a corrective 

error voltage is obtained which, after suitable filtering 

and amplif1cationp is applied to the reactance modulator 

for automatic frequency control, Modulation 1s applied 

to the modulator tube to obtain the desired amount of 

frequency deviation of the basic oscillator. As can be 

seen from Figure 1., provisions arc nade in the FM 

Generator for one monaural and two multiplex inputs. One 

of the multiplex inputs haa a wide- band frequency response 

and is used for FM stereophonic operation. However, under 

monaural cond1t1oins this wide-band input may be used for 

an SCA subcarrier input. Care must be exercised with 

this input since any low frequency spur ious signals appear

ing at the output of the SCA generator will modulate the 

main channel of the FM carrier. 

(Rev. 12/65) 
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5. 

1.3 SPECIFICATIONS 

Frequency Range 

Power Output 
Type of Emiseion 
Frequency Deviation 

Center Frequency Stability 

Harmonic Distortion 
FM Noise 

Carrier AM Noise 

Frequency R&sponse 

Monaural input 

Wide-band input 

SCA input 
Power Requirements 

Over-all Dimensions 

88 mc/s to 108 mc/s (available 
for channels other than U.S. 
on request) 
10 watts into 51 ohms 
F3 (direct frequency modulation) 
!75 kc/s for 100% modulation. 
Capable of 133% (!100 kc/s) with
out degradation of performance. 
!1000 cycles 
Less than 0.4%, 40 cp.s to 15 kc/s 
Greater than 68 db below 100% 
modulation 
Greater than 68 db below 
carrier reference 

±1/2 db, 40 cycle to 15 kc/s, 
600 ohms balanced. Approxi
mately +6 dbm for 100% modu
lation. 
30 cycle to 300 kc/s (bandwidth 
required for proper transmission 
of composite FM stereophonic 
program). 

20 kc/s to 75 kc/s. 
117V a.c. 60 cp/s 140 watts 
19" wide, 14" high, extends 5" 
in front and 6" behind mounting 
surface 

SECTION 2. INSTALLATION 

2.0 UNPACKING 

LPE-10 

The individual panels of the Model LPE-10 FM Exciter are 
separately packed prior to shipment. All plug-in components, 
such as electrolytic capacitors and crystal ovens, are 
wrapped separatel~~. Before applying power to the system, 
it 1s important tc, make certain that all plug-in components 
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6 .• 

are in place. It is recommended that a double check be 

made to assure that the external meter shunt and all pack
ing spacers that n~ight have been inserted between compon

ents have been removed. This equipment has been fully 
checked at the factory prior to shipment, and it is 

intended that the Model LPE-10 be ready to operate when 

it 1s installed by the user. The only adjustments neces

sary will be the center frequency, output tuning, and 
output loading. 

RACK MOUNTING REQUIIREMENTS 

The Model LPE .. 10 1.s constructed on three separate 19 inch 

standard rack pane,ls and requires a total or 14 inches of 
vertical panel space. In most installations it is recom

mended that the Exciter be mounted in a standard rack 
situated near the FM transmitter with which it ie to be 
used. In some cases it may be possible to physical ly 
locate the exciter panels within the confines of the FM 

transmitter cabinet. but due caution should be exercised 
if high energy RF fields are present. 

The exciter panels are slotted for standard Western 
Electric spacings, and each panel 3hould be thoroughly 
secured to the rack by mounting screws for the best 
possible common grounding. The Exciter is designed in 

such a way that the FM Generator is mounted below the 
Ten watt RF Amplifier. The portion or the FM Generator 
containing the regulated power supplies and meter should 

be located at the bottom. All interconnecting cables for 
the power, metering, and RF are furnished with the Exc i ter. 

2.2 POWER REQUIREMENTS 

LPE-10 

The Model LPE-10 FIM Exciter requires 120/240 volts . AC , 

5a..60. cps single-ph.ase power. The power consumption for 
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the complete unit will not exceed 140 watts. In order 
that the crystal oven be continuously maintained at the 

operating temperature, the Exciter should be connected 

to the power line source at all times. It should be 
noted that when the front panel power switch of the FM 

Generator (Type H-6242) is turned off, the oven heater 
remains energized as well as the regulated filament 

supply for the oscillator and modulator tubes. This 
process assures minimum warm-up t1me at the beginning of 
regular broadcast operation. 

2.3 ENVIRONMENTAL CONDITIONS 

The Model LPE-10 F'M Exciter will meet specifications over 

a temperature range of 20°F to 125°F. If these tempera
ture extremes are to be exceeded, facilities should be 

provided to aesurei that the ambient temperature within the 
area of the Exciter does not exceed these limits. 

2.4 CONNECTOR REQUIREMENTS 

LPE-10 

The 600 ohm input terminals for monaural service appear 
on a standard barrier etr1p mounted on the 
power supply subpanel of the FM Generator. 

coaxial connector& are mounted in the upper 

rear of the 
Two rrype BNC 

left-hand 
corner of the fron1t panel of the shock mounted subassembly 

and permit either two SCA aubcarriers or one SCA sub
carrier and a composite stereophonic signal to be applied 
to the FM Generator. A UG-88A/U plug will mate with the 
panel mounted multiplex connectors. 

The output signal from the Type H-6240 Ten Watt RF Amplifier 

is available from a rear mounted Type N coaxial oonnector. 
The mating plug for RG-8A/U cable 1s a Type UG-21A/U fitting. 
Unless the distance between the Exciter and the transmitter 
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is excess1 ve, RG-:8A/U coaxial cable 1s recommended for 
use between the E:icciter and the driver stage of the FM 

transmitter. Under certain conditions a lower loss 
transmission line may be desirable. 

SECTION 3. THEORY OF OPERATION 

INTRODUCTION 

This section desci~ibes in detail the theory of operation 
of the Model LPE-10 FM Exciter. It will be helpful to 
refer to the block diagram 3hown in Figure 1. and to the 
schematic drawings included at the rear of this manual. 
For convenience, these drawings correspond to the indi
vidual chassis: i~e. FM Generator Power Supply, Drawing 

No. 91B-6089; FM Gfenerator, Drawing No. 91C-6088; Ten Watt 
RF Amplifier, Drawing No. 91B-6090. 

3.1 OPERATION 

LPE-10 

Although the basic: oscillator and high frequency oscillator 

doubler circuits operate at various frequencies depending 
upon the FM channel assignment, an example frequency of 
92.9 me/a will be used to simplify this discussion on 
theory of operation. 

When the system is delivering an output frequency of 

92.9 mc/s, the bas1c oscillator, Vl07, 1s operating at 
13.9 mc/s. The tuned circuits of the basic oscillator are 
shunted by Vl05, the reactance modulator. The reactanoe 
modulator tube is a very high GM linear pentode. A tap on 
the basic oscillator coil delivers the 13.9 mc/s RF to the 
grid circuit of the buffer amplifier, Vl08. The output of 
the buffer amplifier drives both the high frequency mixer 
and the binary divider. 
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Consider first the signal that is delivere~ to the binary 

divider. The binary divider unit, BD-101, is a series of 

transistorized flip-flops. This series of flip-flops fcrn·a 

an untuned frequency diviling system. The division ratjo 

of this rtivider system is 2048. The input frequency, r 1 , 

is 13.9 mc/s. The average output frequency, F 2 , of the 

binary divider is b787.l09 c/s. An LC resonate circuit 

following the last (eleventh) Linary divider slage is 

employed within the enclosure to protluce the near sinusoidal 

output (F 2 ) waveform. This signal is then coupled to Vll2, 

an amplifier and phase splitter circuit. The output of 

the phase splitter drives the switching legs of a p~ase 

bridge circn~t. •rhe phasE: detector compares the phase 

of the 6,787 c/s signal from the binary divider, which is 

directly related t<::> the 13.9 mc/s basic oscillator, witL tbt:;; 

output of the low :frequency oscillator amplifier, Vlll. Th<~ 

freq~ancy of the low frequency oscillator, VlllA, is con

trolled by the low frequency crystal, YlOl, contained wilhin 

the crystal oven. In this case the frequency of YlOl c~tst~l 

is 13.574 kc/a. The output frequency of the low frequency 

reference (F) oscillator (VlllA) is divided by two in a 
r 

sing!~ solid sta~e flip-flop stage which is physically lo~ated 

in the same enclosure as the eleven stage binary divider. 

Another LC shaping cir~ui t is used to remove the har:-noni,; 

'content of this fr~quency divider. This signal \~f~) is 

amplified by VlllB and applied to the second input of th~ 

phase detector. The output of the phase detector circuit ie a 

d.c. voltage which is proportional to the phase relatio11ehip 

of the low frequency crystal an~ the binary divider output. Th~ 

(Rev. 12/65) 
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d. c. error vol tagE1 from the phase de tee to~ 1:s f1l tered by 

Cl38 • Ll07 • and CJ.36. The error voltiige is- phase oompen.;. 
\ 

sated by Cl35, Rl~l5, and Cl37. The filtered and oompeneated 

d.c. error is then applied to the control grid of Vl06, the 
AFC amplifier. Tb& d.e .. plate voltage of Vl06 pro~idea the 

aoreen vol ta.ge ror• Vl05, the reactance modulator. The GM 

of the Type 66,88 r-eactance modulator tube can be controlled 
by either screen v'oltage or control grid voltage. There

fore, variations in the plate voltage or Vl06 will oause 

a variation in the OM of Vl05 which in turn will control 
the frequency of the baaic oaoillator, v107. 

The high frequency crystal, YlO?, controls the frequency 
or the high rrequenoy oscillator and doubl~r circuit, v109. 
In the case or our example of 92.9 me/a as t.n operating 
frequency, the rrequency or Yl02 will be 39,5 mc/s. The 

/ 

doubler output frequency wuuld then be 79.0 mc/s. Thia 
79 mc/s signal is added, 1n ~he high frequency mixer • 
circuit, with the output of the buffer amplifier: The sum 
frequency produced by the ht i h frequen~y mixer.is 79.0+ )3.9 
or 92.9 mc/s. The output or the high frequency mixer ie 
coupled to VllO, the first RF am~lif1er. A single-turn 
link coupleB the output or VllO to th& RF output connector, 

Jl02. The RF power level at this point ie approximately 
5 milliwatts. 

3. 2 FM mrnERATOR REGULATED POWER SUPPLY, CIRCUIT DESCRIPTION 

The followjng paragraphs deecr!bo the operation of the 
1nd1v1dual c1rcu1t eectiona or the equipment. (See 

Drawin~ No. 918-6089.) 

3.2.1 General 

(Rev. 12/65) 

The power supply delivers three different regulated 
d.c. voltages as well as 6.3v a.c. for operating the 
FM Generator. -The power eupply panel aleo provid~e 
mounting space for the metering selector switch as 
well as the 50 microamp ~.c. meter. 

.t; 
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3.2.2 Negative 6V d.c. Supply 

The -6V d . c. supply source is Tl03 driving tour 
diodes oonntifcted in th~ full-wave bridge configura
tion. The -6V d,c. regulator system consists or 
Zener diode CRll6 and transistor QlOl. The Zener 
diode holds the baae or the transistor at a oon5tant 
~oltage. This voltage is approxioat~ly 6V 4.c,. 
The current gain of the 2N278 transistor allows the 
powe~ supply to deliver a con~~ant voltage . up t~-
1-1/2 amps d.c. The output or the -6V d.c. regulator 
provides two operating voltages to the i?M Generatol' . 
Approximately lamp of the -6V ~ . o. supply • ls us~d 
:o operate the heaters or Vl05, v106 , and y107. 
Approxtmately .250 amps or this supply 1e used as 
the collectcir supply for the binary divi'der system .. 

3.2.3 Deleted 2/6Q 

3.2.4 Positive llOV o.o. Supply 

The re~ulated +110 d.c. 1e develo~•d aoro~a Vl04a 
a •rype 082 g1t.s regulator. Th& ourrent for the 
♦llOV d.c. eupply is drawn from the regulated +200V 
d.o. 1upply. Th~ output or the •llOV d.o . supply pro
vides a doubl• regulated 8oreen ~oltaa• tor th• AFC 
d • q • 11mp l 1f111t r ~ V 10 6 • 

' '. 3 . 2.5 Poa1t1ve 2001/ d.c. Supply 

The +2oov d.o. reiul~ted aupplv is a co~ventlonal 
electron!c r~gulated power supply. Tl02 operiting 

\ 

(Rev . 12/65) 
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into full-w&ve rectifiers delivers approximately 
300V d.c. to the electronic regulating system. The 
regulator is compose~ of Vl03 as a reference d.c. 
tube, V102 BLB a control amplifier tube, and VlOl as 
a series voltage regulator. The output of the +200V 
regulated d.c . supply provides the plate voltages 
for all of the circuits in the FM generator. 

3.2.6 Metering Circuit 

The metering selector switch is a two section, eleven 
position, wafer switch. This form of switching 

allows the 50 microamp meter to read either positive 
or negative voltages. The last position on the 
metering switch, EXTERNAL, connects the 50 microamp 
meter directly to the external metering plug located 
at the rear of the unit. Thia external metering 
position is intended for use with future Moseley 

Associates, Inc. products which will operate in con
junction with the Model LPE-10 FM Exciter. However, 
the user may, at his discretion, use this external 
metering position for any other function he desires 
to meter . As an example, an output power metering 
device such as a reflectometer could be used to read 
the power output of the Exciter. It should be kept 
in mind that these external metering connections are 
directly connected to the 50 microamp meter. Extreme 
caution should be used if the external metering 
position is used since no series resistor is included 
in the external metering circuit. 

3.3 FREQUENCY MODULATION GENERATOR, CIRCUIT DESCRIPTION 

LPE-10 

The basic oscillator 1s a modified Hartley circuit. The 
frequency determining elements are LlOl, Clij4, and Cl05. 
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LlOl is wound on a 3/4 inch by 2- 1/4 inch ceramic form for 

~aximum lon~ term stability. Cl44 is a hi~h stability por
celin capacitor. Cl05 is the coarse frequency adjust capa

citor. Its capacitance range is 1.7 to 11 m1crom1crofarads. 

Vernier adjustment of the basic oscillator frequency is 

accomplished by adjustin~ the metallic slu~ inserted into 

the center of the coil form. This adjustment is accessible 

from the front of the exciter unit where it protrudes from 

the oscillator coil cover. Proper adjustment of this control 
is determined by selecting the AFC position on the ~eter 

switch and adjusting the slu~ for zero indication. A tap on 
1101 is capacitively coupled to the ~rid circuit of Vl08 , the 

buffer amplifier. The buffer amplifier isolates the basic 

oscillator from the high frequency mixer and the binary 

divider. 

3.3.1 Frequency Divider Unit, Part No. 2-204B S 

The frequency divider system used in this Exciter is an 

untuned series of flip-flops employing silicon transis
tors and steering diodes . Doth frequency and deviation 

are divided by a factor of 2 , 048 . The reduction in 

deviation allows the phase detector circuit to maintain 

phase lock over the broad deviation range of the basic 

oscillator. The frequency divider package is sealed 

and is not intended to be serviced in the field . A 

3tandby frequency divider unit is available at nominal 

cost if desired. This should not be necessary, however, 

since all components within the frequency divider unit 

are operatin~ well below their ratin~s . As silicon 

serniconducto~s are used in this assembly , it can toler
ate environmental temperatures in excess of 150°F, or 
well above the ratings of normal broadcast electronic 

equipment. The output signal of the frequenoy divider 

unit is a square wave and is applied to a series 

( revised J2/6 5) 
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resistance and inductance to ground. A capacitor is 

placed across this internal inductor to resonate it 

to the output frequency of 6,787 c/s. (See SECTION 5, 

Waveform FM-5) Two silicon diodes are included in the 

binary divi<li~r to rectify the output of both the 

eleven stagk binary divider and single flip-flop 

divider. The rectified voltages are then added to

gether to de~ive the voltage metered when. the meter 

selector switch 'is in the BINARY position. Sh~uld 

the meter reading indicated in SECTION 4 of this 

manual fall to zero, then both frequency count down 

systems have failed; and if the meter should fall to 

approximately one, half the normal reading, then one 

frequency divider is not functioning. If the meter 

reading does not change when the crystal oven is 

remove<l, then either the single one-stage frequency 

divider or the low frequency crystal oscillator is 

not functioning. 

3.3.2 Low Frequency Reference Oscillator and Amplifier 

The low frequency reference oscillator (VlllA) is a 

standard grid-plate crystal oscillator. Diagrams 

FM-1 and FM-2, SECTION 5, illustrate the waveforms 

at the grid and plate elements of this pentode 

oscillator. The sawtooth waveform at the plate 
I • 

circuit is coupled through Cl62 to the Binary Divider 

BD- 101 and divided in half by a single flip-flop 

circuit. The divided reference frequency is then 

applied to the grid of the triode ~plifier, VlllB. 

This waveform is shown in drawings FM-3, SECTION 5. 

The output of VlllB (Waveform FM-4) is then coupled 

to the phase detector. The crystal, Yl0l, which 

(Rev. 12/65) 
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\ establishAs t he frequency of the reference oscillator, 

is contained in a temperature controlled oven 

stabilized at 65°C. Power is applied to the crystal 

oven heater ,as long as the Model\ LPE-10 Exciter is 

connected to the 117 VAC power line. 

3.3.3 Automatic Frequency Control Phase Detector 

The switching legs of the phase detecting bridge are 

driven by Vl12, the divided output amplifier and 

phase splitter circuits. Vll2B splits the amplified 

b,ina~y dividE:ir output into equal but out-of-phase 

components. (See SECTION 5, Waveform FM-7.) The 

(Rev. 12/65) 
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other input into the phase detecting bridge is the 
amplified low frequency reference signal delivered. 
from the pla·te of VlllB. ( See SECTION 5, Waveform 
FM-4.) If the AFC system is not loc~ed, the two 
inputs (the divided output and the low frequency 
reference) will be of different frequencies. Under 
these conditions the phase detector would perform 
as a difference detector. That is, the output of 

' the phase detector would be equal to the frequency 
difference between the two input signals. 

When the divided output 
frequency is close enough to the low frequency 
reference frequency, the error signal from the phase 
detector will be an a.c. error voltage sufficiently 
low in frequency to allow it to pass through the 
low-pass filter comprised of Cl38, Ll07, and Cl36. 
After AFC lock has occurred, the phase detecting 
system operates as a standard phase detector compar
ing the phase of the reference signal to the divided 

output signal. 
The d.c. error voltage that exists in the AFC loop 

can be metered by turning the metering selector switch 

on the regulated power supply panel to either +AFC 
or -AFC as r•equ1red. 'l'he trimmer adjustment on the 
top of the basic oscillator coil cover (LlOl) should 

be adjusted to maintain an AFC reading of zero. 

3.3.4 AFC Filter, Phase Corrector, and Amplifier 

The low-pass •-section filter consisting of Cl38, 
1107, ahd Cl:36 will remove the reference frequency 

component and almost all normal program content 
from the d.c. error. The RC combination of Rl55 and 
Cl37 limits the upper frequency response of the 

(Rev. 12/65) 
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filtering system. C135 shunting Rl55 adds the 

required phase lead component to stabilize the AFC 

loop. The AFC error voltage is coupled through 

Rl56, Rl57, and Rl58 to the control grid of the AFC 
d.c. amplifi.er, Vl06. Rl56 isolates the multiplex 

input line from the AFC filter system; Rl57 and 
Rl58 serve ats RF isolating resistors. The screen 

grid of Vl06 is double regulated to +llOV d.c •• 

With the AFC set at zero the plate voltage of Vl06 

will be approximately 150V d,c •• This plate poten

tial provides the screen grid voltage for the 

reactance modulator. 

3,3.5 Reactance Modulator 

The reactanc1e modulator, Vl05, is a very high GM 

pentode. A variation in either control grid or screen 

grid voltage will cause a linear variation of the GM 

of this tubci . The quadrature RF component required 

for reactance modulation is coupled through Cl50 and 

Rl08 to the control grid. The input capacity of the 

tube produces the required 90° phase shift. As stated 

earlier, a variation in screen potential on this tube 

will control the transconductanca. Therefore, the 

amplified AFC voltage that exists on the screen grid 

of the reactance modulator will in turn correct the 

frequency of the basic oscillator to keep it in 

phase lock with the low frequency reference oscilla

tor. By applying AFC in this manner the operating 

point of the modulator tube, so . far as the control 
' 

grid circuitry is concerned, is not appreciably 

affected. 
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3.3.6 Monaural, Wide-band, and Multiplex Inputs 

The monaural input is 600 ohms balanced• and the 

terminals are mounted on the rear of the power supply 

panel. The balanced input transformer, TlOl, is a 
broad-band one-to-one ratio transformer. The unbal

anced output of TlOl is connected to the monaural 
input jack, Jl03, on the rear of the FM Generator 

silvered chassis. Jl03 connects directly to the RC 
pre-emphasis network, Rl05, Cl49, and Rl06. The 
output or the pre-emphasis network is coupled to the 

control grid of the reactance modulator through Rl07. 

The normal frequency response of the monaural channel 

is 40 cp/s to 15,000 cp/s, ±1/2 db. A monaural input 

signal of approximately +7 dbm at 400 cp/s will pro
duce 100% modulation. 

The wide-band input located on the front panel is 

divided approximately five to one by RlOl and R102. 

The Junction of the resistive divider is coupled 
through Rl03 directly to the control grid of the 

reactance modulator. When operating with a Moseley 
Associates, Inc. Stereo Generator, Model SCG-3, the 

composite output from the stereo generator is connected 

directly to the wide-band input. The frequency 
response of the wide-band input is d.c. to approxi

mately 300 kc/s. Modulating signal components below 
15 cp/s are not recommended as they would tend to 
influence the stability of the automatic frequency 
control circuitry . If stereophonic operation is not 

being used, the wide-band input may be used as a 

second SCA multiplex input. A signal level or approxi

mately 1. 7V Jt"ms will , provide 100% modulation • 
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The multiplex (SCA) input ie divided by approximately 
23 to 1 by Ftl33 and Rl3~. The output of this resis
tive divider 1s added to the AFC at the grid of Vl06. 
The AFC voltage applied to the screen grid of the 
reactance modulator will now also contain the signal 
applied at the multiplex input jack. This method of 
common electron stream modulation minimizes cross 
frequency distortion in the modulation process. 
This in turn produces minimum cross talk from main 
channel to subchannel and from subchannel to main 
channel. The multiplex input will operate with any 
subcarrier frequency from 20 kc/s to 75 kc/s. 
Signal levels at the multiplex input of approximately 
.6V rms, 1.3V rms, and 2.0~ rms will produce 10%, 
20%, and 30% injections respectively. 

3.3.7 High Frequency Oscillator and Doubler 

LPE-10 

The high frequency oscillator doubler, Vl09, is a 
conventional double tuned, cathode coupled, Butler 
oscillator. The cathodes of Vl09 are coupled by the 
crystal Yl02. This crystal determines the frequency 
of oscillation of the high frequency oscillator. 
The high frequency cryetal, Yl02, is mounted in the 
same crystal oven asthe low frequency reference 
crystal, YlOl. Therefore, both crystals are opera
ting within the same 65°C temperature environment 
for maximum t3tab1lity. The plate circuit of the 
high frequency oscillator, Vl09A, is tuned to the 
frequency of the crystal. The output of Vl09A is 
capacitively coupled to the grid of Vl09B. The cathode 
of Vl09B is coupled through crystal Yl02 to the cathode 
of V109A to complete the regenerative oscillator loop. 
The plate circuit of Vl09B is tuned to the second 
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harmonic of the h1eh frequency oscillator thus form
ing a combination cathode follower and doubler 
amplifier. Frequency trim of the high frequency 
oscillator is accomplished by slightly detuning the 
plate circuit of Vl09A. Ll04 1B adjusted and then 
locked in a position that places the high frequency 
oscillator very near the desired frequency. Vernier 
control of the high frequency oscillator is then 
accomplished. by Cl52. The output of the doubler is 
link coupled to the switching leg of the high fre
quency mixer. 

3.3.8 Crystal Selection For A Specified FM Channel 

. 
To avoid the possibility of beats produced by har
monics of the basic oscillator, the standard 88 mc/s 

~ : to 108 Jnc/s FM band is divided into three sections. 
These sections correspond to the lower one third, 
the middle one third, and the upper one third of the 
FM band. 

For FM channels 201 (88.1 me/a) through 235 (94.9 me/a) 
the internal frequencies will be: 

basic oscillator 13.9 mc/s 
reference oscillator crystal 13.574 kc/s 

high frequency crystal a F-l3.9 
2 

where F •= de51red carrier rrequency 1n mc/s. 
For FM channels 236(95.1 mc/s) through 265(100.9 mc/s) 
the internal frequenciee will be: 

basic oscillator 12.9 me/a 
reference oscillator crystal 12.598 ko/s 

high frequency crystal• F-12 •9 
2 

where F •• desired carrier frequency 1n mc/s. 

LPE- 10 
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For channels 266(101.1 mc/s) through 300(107.9 mc/s) 
the internal frequencies 

basic oscillator 
reference oscillator 

will be: 

13.9 mo/s 

13.574 kc/s 

high frequency crystal• F-l3.9 
2 

where F • desired carrier frequency in mc/s. 

3.3.9 High Frequency Mixer and First RF Amplifier 

LPE-10 

The non-linear elements within the high frequency 
mixer are two high speed switching diodes, CRlOl and 
CR102. The sum frequency of the high frequency 
doubler and the buffer amplifier is obtained by 
applying the high frequency doubler signal to the 
switching leg of the high frequency mixer and apply
ing a push-pull component of the buffer amplifier 

directly to the anodes of the switching diodes. The 
RF current within the high frequency mixer is measured 
by sampling the d.c. level of the common current line. 
The RF output of the high frequency mixer is capaci
tively coupled through 0116 to a tap on the tuned 

circuit Ll05 and Cl22. The output of this tuned 
circuit is applied directly to the control grid of 

the first RF amplifier• VllO. The plate circuit of 
the first RF amplifier is tuned by Ll06 and Cl25. 
Both the grid circuit and plate circuit of VllO are 
tuned to the desired carrier frequency. The output 
of the first RF amplifier is link coupled to the RF 
output jack on the front panel of the FM Generator 
panel. The carrier frequency power at this point is 
approximately 5 milliwatts. 
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3,4 TEN WATT RF AMPLIFIER - CIRCUIT DESCRIPTION 

LPE-10 

Both the plate po-w•er and the filament power for the Ten 

Watt Amplifier are supplied by T201. (Ref. Drawing No. 

91B-6090,) The plate high voltage d.c. supply is developed 
by conventional full-wave silicon rectifiers operating into 

a two section choke input filter. The plate supply voltage 
for the Ten Watt RF Amplifier 1s a nominal 350V d.c. 

Low level RF at the carrier frequency, from the FM 

Generator, is applied to the input connector located on 
the front of the RF amplifier panel. Approximately 5 milli
watts at the input is sufficient to drive the RF amplifier 

to its 10 watt output rating. The input RF signal is 
loosely coupled to the resonant circuit formed by 1201 

and C202. The output of this tuned -circuit is applied 
directly to the control grid of V201. V201 1s a tuned 
plate, tuned grid HF amplifier operating at reduced plate 
voltage. The plate circuit of V201 is capacitively coupled 

through C208 to the control grid of the 'driver amplifier, 
V202. The plate circuit of the driver amplifier is capa
citively coupled by C214 directly to the control grid of 
the output amplifi1er, V203. Plate tuning of V203 1s 

accomplished by C222. The plate tuning control is acces
sible from the front. The power amplifier output is link 
coupled to a Type N RF connector located on the rear of 
the Ten Watt Amplifier. Variable output loading is accomp

lished by C223 placed in series with the return leg or the 

output link. The output loading control is also accessible 
from the front. Since the power amplifier is not a fre-., . 

quency multiplier, some form of neutralization is necessary 
to retain maximum stability. In this case a small sample 
of the power amplifier output ia coupled back to the power 
amplifier input. A link coupling system from the power 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

,_ 

22. 

amplifier output c:ircuit back to the plate circuit of the 
driver amplifier provides the necessary feedback. The 

Type 6146 power amplifier tube, V203, has protective cathode 
biasing. Loss of drive to the Ten Watt Amplifier will not 
damage the tubes cir reduce tube life by an significant 
amount. The RF Amplifier, Type H-6240, is eapable of deliver
ing from 2 watta to 12 watts of RF over a frequency range 
or 88 mo/s to 108 mc/s. Adjustments L20l, L202, 1203, and 
C222 are tuned to the carrier frequency. If adjustment of 
the tuned c1rou1ts1 1s necessary, turn the metering selector 
switch on the FM Generator power supply panel to the P.A. 
GRID position. Adjust L201, L202, and L203 for maximum 
grid current ind1c:at1on. Turn the metering selector switch 
to P.A. PLATE position and adjust th~ plate tuning control 
for minimum meter reading. 

SECTION 4. OPERATION OF ~qUIP~~~T 

4, 0 WARM.UP PROCEDURE 

• 

Under normal opera.tion it is recommended that the FM 
G~nerator be iert on at all times and only the Ten Watt 
Amplifier, Type H-6240, be turned off wh~n the Exciter is 
not in use. Under theae conditions, when the un1t 11 
turned on prior to brotdeast time, only a five minute 
wa~m-up p•~iod 1e require~. Ir the FM Generator ha1 been 
turned off but not disconnected fPom the p~imary power 
~ource, the requ1~•ed warm-up time 11 from fittetn tQ twenty 
minute1. Wh•n the ent1~• ayetem has been ~11oonneote4 
fpom the power line for an extended p9riod of time, the 
ory,tal oven and 1 .• e. filament~ of the oaoillator and modu~ 
l1tor tubfs a~e 001mpletely oold. Undtr tht•• oonditions 
the sy,tem 1hould b& allowed thirty min~t91 to ro~ty.rive 
minute~ to completely w•rm-up ~nd •t•bilize. If ~•oeaaa~y, 
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broadcasting can start in less than half this time, but 

some frequency drift will be apparent until the system 
has completely stabilized. 

4.1 INITIAL ADJUSTMENTS 

Once the Model L?E-10 FM Exciter has been installed 1n a 

rack and connected to the primary power source, it should 

be turned on and allowed to stabilize as described in the 

above oara~raph. 1The meter selector switch should be 

rotated throug? its entire range to observe that all cir
cuits are properly functioning. For oonvenience and 

reference purposes, the following table shows the readings 

for each meter selector switch position taken on the 

Exciter at the time of manufacture and may be used as a 

guide in routine maintenance. 

Type H-6242 FM Generator, Serial No. 2057 

Meter Pos:1.tion 
+200V 

NEG. 6V 
BINARY 

+AFC 
-AFC 
HF OSC. 
MIXER 
PA GRID 
PA PLATE 

+350 

EXTERNAl, 

Meter Readin~ 

20 

26 

34 

8 

30 

24 

19 

33 

It may be necessary to resonate the plate circuit 6f the 

power amplifier after the Exciter is connected to its load. 
This is accomplishi9d by turning the meter seleotor switch 
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to the PA PLATE position and adjusting the PLATE TUNING 

control on the Ten Watt RF Amplifier panel to a minimum. 
Turning the OUTPUT LOADING control clockwise will increase 
the power output from the Exciter. 

4.2 ON-AIR ADJUSTMENTS 

During normal ope~ation the Model LPE-10 will require 
little, if any, adjustment. An occasional retrim of the 

basic oscillator frequency or the center frequency may 
be required. The proper basic oscillator frequency is 

determined by adjusting the front panel vernier, LlOl, 
until the AFC error voltage reads zero. Maintaining the 

AFC error voltage as near to zero as possible assures a 

quick relock in the event of a momentary power interruption 
or other unpredictable transients. The center frequency 
(carrier frequency) control, designated FREQ., is located 
on the front panel slightly above and to the left of the 

crystal oven. This adjustment will move the center fre
quency several kilocycles above or below the assigned 

carrier frequency and should be adjusted only with the 

aid of FCC Type Approved Frequency Monitor or other 

suitably accurate frequency measuring equipment. Minor 
adjustments of the OUTPUT LOADI~G and PLATE TUNING can 

be accomplished while the equipment is on the air. 

4.3 TURN OFF PROCEDURE 

LPE-10 

At the end of the broadcast day it is recommended that 
the Exciter be shut down by turning off the power switch 

on the Ten Watt Amplifier only. This allows all of the 

circuitry in the FM generating system to continue to 

operate normally. Under these conditions the required 
warm-up time for the next day is minimized• and the life 
of the tubes within the FM Generator 1s extended. By 
l•ving the FM generator on continually, the natural system 
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heat tends to minimize temperature variations within the 

area of the Exciter and in turn produces a more stable 
operating system. 

4.4 POWER OUTPUT DETERMINATION 

In the Model LPT-10 Ten Watt Transmitter it may be neces
sary to calculate the power output of the transmitter by 

the indirect method if power monitoring test equipment is 
not available. The following formula may be used to 
determine the output power. 

P.O. m Eb x Ip' x K 

where P.O. = power output in watts into resistive 
51 ohm load. 

Eb = plate voltage me,asured on panel meter 
1n +350 volt meter selector position 

Ip'= P.A. current meter reading as indicated 
K = , I ,..._ __ _ 

The K factor shown above was determined during the final 

test of the Model LPT-10 and is accurate to within 2% for 
power variations o:r 10% from the rated 10 watt output level. 

For convenience in determining the output power• Figure 2 

(included only for the Model LPT-10) is a graph showing 

the output power V1irsus the meter reading in the PWR. OUTPUT 
position. The sampling voltage for this measurement 1s 
taken from a diode pickup link mounted inside the Type 6310 

Low-Pass Filter and is valid when the transmitter is opera
ting into a 51 o~m termination. 

SECTION 5. MAINTENANCE AND TROUBLESHOOTING 

5.0 MAINTENANCE 

During normal maintenance periods, a check of the meter 

readings for all meter positions provides a means of 

(revised 6/64) 
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review1ng the general condition of the Exciter. (See 
typical meter reading chart in this section.) Small 
changes in these meter readings from week to week can be 
expected and will have no significant effect on the opera
tion of the Exciter. A quick check of AFC lock-in range 
can be accomplished by turning the vernier slug on LlOl 
two or three turns clockwise then back to normal and two 
or three turns counterclockwise and then back to normal. 
While the adjustment is being turned, the AFC meter will 
indicate an AFC error is present, but the AFC system should 
remain locked thr,oughout this test. Should the AFC syetem 
fail to maintain- lock during this quick test, further 

checks should be made using the voltage and waveform charts 
included in this section. 

The binary meter selector switch position is useful in 
quickly checking the Exciter by providing an indication ot 
proper operation of the basic oscillator, buffer amplifier, 
and binary divider (Part No. 2-1024S). 

5.1 TROUBLESHOOTING 

The following voltage-resistance measurements and waveform 
sketches ar~ provided to aid in troubleshooting. The volt
age levels, res1s1~ance readings, and waveform shapes given 
are not to be conatrued as absolute requirements. For 
example, the 125V d.c. level measured on pin l of Vl ll, the 
low frequency amplifier, can vary as much as !10 volts 

without seriously altering the operation of the amplifier. 
As long as the measurements taken fall within reasonable 
tolerances of the information given, they may be considered 
as normal. 

(revised 2/64) 
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5 . 1.1 Typical Waveforms 

{12). BD-101 Output 0.2 20usec 

WAVEFORM. LOCATI ON · VOV.l'S/DIV. TtME/DI V'. 

Binary divider output · {13.574 kc/s or 
1'2.•598 kc/s). D.C . level is 0V d.c. 

I I 
4 • t 

Pin 3 ·v111 0.2 20usec 

WAVEF'OR.M LOCATION VOLTS/DI V. 

Screen Grid of low frequency oscillator. 
Voltage level is approximately 115V d.c. 

Pin 9 Vlll 0.5 20usec 

WAVEFORM LOCATION VOLTS/DIV. 

Low frequency oscillator output. This 
is a high impedance point (1 meg), and 
care must be taken qnot to load this 
point during measurement. 
Voltage level 1s approximately negative 
0.1v d.c. 

Pin 6 Vlll 5.0 20~sec 

WAVEFORM LOCATI ON VOLTS/DIV. 

Plate of low frequency osc~llator. 
Voltage level is approximately 65V 

1 

~rYPICAL WAVEFORMS 

{Reference Section 3.3) 
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• 

Pin 2 Vll2 1.0 SOl-lsec 
--------• • .,,,..... w i-llnes I t Af 

r; WAVEFORM LOCATIOl-t lOL:..~!'?IV. TIME/DIV. 
F1 

F2 OUTPUT F 2e 2048 

Basic oscillator frequency divided 
by 2048 

Pin l Vll2 ___ ___ 2_0 __ ,..., __ • _ _,s ... Q._l-1_§ .. e_"_ 
.., AVEF{>HM LOC Arr OH VOLT:;;/D.tV , TI ME/DIV. 
AMPLIFIED F2 

,. 

Pin 8 Vll2 10 50l-lsec ·-- ---· 

CATHODE OUTPUT OF F2 PHASE SPLITTER 
Pin 6 of Vll2 will be similar except 
180° out of phase. 

JUNCTION 
CR105,CR106,Rl45 5.0 50l-1Beo 

,., cu;-.:.;1rirv.. TJ:M~10:;;"t 

PHASE COMPARI'l'OR BRIDGE INl~UT 
Junction CR103, CR104, R145 will be 
similar except 180° out of phase. 

(Rev. 12/65) 
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30. 

ADDENDUM I 

The followinP, information is intended to help clarify the tuning 
instructions of the ~odel LPE-10 F:1 Exciter . Reference to the 

schematic diagrams of the FM Generator and Ten Watt RF Amplifier 

will be helpful. Reference should also be made to Section 4,1 of 
the Instruction Manual showing the typical meter readings that can 
be expected with proper operation of the Exciter. 

L-102 

L- 104 

Rev. 9/65) 
LPE-10 

Tuning Procedure 

'iith the meter selector switch in the MIXER position, 

adjust L-102 for maximum indication. This reading 

should correspond approximately with the reading shown 

1n Section 4.1. Since the circuit Q of L-102 and 

C-121 is reasonably hi~h and the full 75 kc/s devia

tion is present with 100% mod~lation, the tuning of 

L-102 should be carefully made in or~er to minimize 

the main channel audio distortion and the cross talk 

from the main cha~nel into the SCA channel. The 

Exciter will easily meet all FCC requirements with 

L-102 misadjusted, but for absolute optimum performance 
the coil shouJd he adjusted to produce mi n1mum audio 
distortion at 400 ens , 100% modulation. Minimum SCA 
cross talk will coincide with this minimum audio dis

tortion setting. In no case should it be necessary 

to detune L-102 from peak by more than one full turn 
either way. 

Place the meter selector switch in the HF OSCILLATOR 
position and adjust L-104 for maximum indication, 

NOTE: Care must be taken if L-104 is adjusted while -
the transmitter is on the air as this adjustment will 

affect the center frequency of the Exciter. Slight 

det uning o f L-104 may be neces s a r y s o t hat the FREQ . 

a d just c apacitor ~ -152 ) i s c a pable of shifting t he 

ou tput f r eque ncy a bove a nd below the assigned ope r a 

ting frequency. 
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Plate Tuninp: 

Plate Loading 

( 3/64) 
LPE-10 

31. 

With the meter selector switch in the MIXER position, 

adjust L-103 for peak reading. Again, refer to 

Section 4.1 of the Instruction Manual for the approxi

mate reading. 

Place the meter selector switch in the P.A. GRID 

position and adjust L-105 and L-106 for maximum read

ing. The Ten Watt RF Amplifier will have to be turned 

on for this measurement. It is normal for the tuning 

or L-105 to be broad and the tuning of L-106 to be 

rather sharp. 

NOTE: The meter readings shown in Section 4.1 of the 

Instruction Manual for the P.A. GRID position will 

vary depending on the amount of power the Ten Watt RF 

Amplifier is delivering to its load. 

With the meter selector switch in the P.A. GRID posi

tion, adjust L-201, L-202, and L-203 for maximum 

indication on the meter. It is normal for L-201 to 

exhibit a broad tuning characteristic while L-202 and 

L-203 are more critical. 

With the meter selector switch 1n the P.A. PLATE 

position, adjust the PLATE TUNING control on the 

front panel for a minimum meter indication. 

reading will depend upon the setting of the 

LOADING control, 

This 

PLATE 

This control should be adjusted to deliver the desired 
amount of power to the load being driven by the 

Model LPE-10 Exciter. If the PLATE LOADING is read

justed, the PLATE TUNING control should be rechecked 

for minimum indication. 

NOTE: While the PLATE LOADING control will vary the 

RF output power of the Model LPE-10 Exciter from zero 

to approximately 12 watts, ·1t is recommended that the 

otitput of the Exciter always exceeds 4 watts. If less 

power is d~sired for a particular installation, an 

appropriate attenuation pad should be used. In some 
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C-105 

NOTES 

(Rev. 9/65) 

, LPE-10 

32. 

cases RG-58A/U coaxial cable can be used to obtain 
the desired amount of attenuation. ockwise . 

~ 

t rotation o,f the PLATE LOADING cont use' an 
increase in the power output of :th ter. 
If replacement of the basic oso~ ulator, 
or DC amplifier tubes becomes nebeaaary, normal 
variations in the tolerances of the tube charac-
teristics imay prevent the AFC circuit from phase 
locking to the low frequency reference crystal. 
Should thi:s occur, position the tuning knob of L ... 1-0l 
midway in its travel, and adjust C-105 with an 
insulated screwdriver until the AFC loop is locked. 
This will be evident by observing the meter with 
the meter selector switch set in either the AFC(+) 
or (-) position. Capacitor C- 105 is adjusted from 
the rear of: the FM Generator. A small hole plug 
must be removed to gain access to the screwdriver 
slot on the capacitor. 

1. When the AF'C circuit is locked, changes in the 
tuning knob of L-101 will not affect the center 
frequency of the Model LPE-10 FM Exciter. The AFC 
error voltage introduced by these changes will be 
apparent on the meter when the meter selector switch 
is in the AFC (+) or (-) position. Conversely, 
when the AFC circuit is not locked, changes in the 
position of the tuning knob of L-101 will shift the 
output frequency of the exciter which will be 
readily apparent on the station's Frequency Monitor. 
Under these conditions the AFC error voltage will be 
zero until the basic oscillator comes close to the 
proper freqlllency. When this occurs, an AFC error 
voltage will build up until it is within the capture 
range of th1;~ control system. After lock has been 
obtained, it will be necessary to readjust L-101 
for zero AFC error. 
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